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back channe|l s intended for playback to the front o eni ng area.
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| eft vertical height |oudspeake ocate e on
| oudspeakers playi ng back a channel or channel s intended for pl ayback to
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25| ocat ed above one or NDOre Fi a channel or
channel s reme@istiedof multiple audio charmels the channels mcludmg channels intended for

playback to the front of a listening area and channels intended for playback to the sides

15 and/or rear of the listening area, comprises extracting out-of-phase sound information from
a pair of the channels intended for playback to the sides or rear sides of the listening area,
and applying the out-of-phase sound information to one or more loudspeakers located
above loudspeakers playing back channels intended for playback to the front of the
listening area.

20 The extracting may extract two sets of out-of-phase information and the applying
may apply the first set of out-of-phase information to one or more left vertical height
loudspeakers located above one or more left loudspeakers playing back a channel or
channels intended for playback to the left front of the listening area and may apply the
second set of out-of-phase information to one or more right vertical height loudspeakers

25 located above one or more right loudspeakers playing back a channel or channels intended
for playback to the right front of the listening area. According to a first alternative, the
extracting may extract a single-channel monophonic audio signal comprising out-of-phase
components in the pair of channels and divide the monophonic audio signal into two
signals, a left vertical height signal and a right vertical height signal, for coupling,

30 respectively, to the left vertical height and right vertical height loudspeakers. According to
a second altemative, extracting may extract two audio signals, a left vertical height si gnal
and a right vertical height signal, for coupling, respectively, to the left vertical hei ght and

right vertical height loudspeakers, each of which vertical height signals comprises out-of-



for playback to the right front of the listening area. According to a first
alternative, the extracting may extract a single-channel nonophonic audio
signal co t - of - phase conponents in the pair of channels and
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channel s Qﬁguﬁagmchle&ear sun-ound and right rear surround channel s.
The extractln nay extract the out-of - phase sound information using a
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20 designated Lvh and Rvh, such that the relationships among Lvh, Rvh, Ls and Rs may be
characterized by
Lvh =[(0.871 * Ls) — (0.49 * Rs)], and
Rvh =[(-0.49 * Ls) + (0.871 * Rs)].
Alternatively, the extracting may extract the out-of-phase sound information Llsiné an
25  active matrix.
The multiple audio channels may be derived from a pair of audio source si gnals.
The pair of audio signals may be a stereophonic pair of audio signals into which directional
information is encoded. Alternatively, the multiple audio channels may be derived from
more than two audio source signals comprising independent signals representing respective
30 channels intended for playback to the front of the listening area and to the sides and/or rear
of the listening area. A pair of independent signals representing respective channels
intended for playback to the sides and/or rear of the listening area may be encoded with

out-of-phase vertical height information.
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FIG. 6 shows the FIG. 5 example in a small room environment.
None of FIGS. 1-6 is to scale.
FIGS. 7-10 show examples of various ways according to aspects of the present
invention in which signals for applying to loudspeakers at the Lvh and Rvh loudspeaker

20 locations may be obtained.

DESCRIPTION OF THE INVENTION
FIG. 1 is a schematic plan view of an environment showing idealized loudspeaker
locations for reproducing left (L), center (C), and right (R) audio channels intended for
playback to the front of a listening area and left surround (Ls) and right surround (Rs)

25 audio channels intended for playback to the sides of a listening area. Such arrangements
typically also include an “LFE” (low frequency effects) loudspeaker (such as a subwoofer)
and are often referred to as “5.1” channel playback arrangements (five main channels plus
the LFE channel). For simplicity in presentation, no further reference will be made to the
LFE channel, it not being necessary to the exposition or understanding of the invention.

30 A notional listening area 2 having a center 4 is shown among the five idealized
loudspeaker locations. Setting the center loudspeaker location at 0 degrees with respect to
the listening area center, the other loudspeaker locations may have a range of relative

angular locations as shown — the right loudspeaker location from 22 to 30 degrees (the left



FIG 6 shows the FIG 5 exanple in a small room environnent. None of FIGS.
1-6 is to scale. FIGS. 7-10 show exanples of various ways

accordin of the present invention in which si nahs for applying
to Ioudsgégge?§Qg§&%he Lvh and Rvh | oudspeaker 20Iocat7%ﬂ§ 5443 obt ai ned.

DESCRI PTI ON OF THE | NVENTI ON FIG 1 is a schematic plan view of an
enV|ronnehﬂm5mommmg1nﬂgakmﬂ&d1mqyﬂaﬂea£ﬁ@nkmﬁﬂhﬂQﬁﬁq%ﬂ&rhﬁﬁﬁ&ﬂﬂ&h@g left

|o channel s i ntended for playback to the
§rL2)nth? t 2rlll?g‘%%ﬁ?séb“eé?fég%oﬁéﬂ% % e i eimasy leeytioamesl ght surround (Rs)
25 audio ChanerGSZ i RAeAicfidin @é@%bﬁ%vﬁ&llﬁ&?s}%\x&tﬁ‘%ﬁd%{l &1 1oL 3heli.ng area.
Such arr enen%ﬁ typi cally also include an reque cy effects)

Ioudspeak atoas, oF rpEocing helbde eiententta, %ﬂé%ﬁf@@ﬁu¢@ﬁ@mn@dnﬂQMa$%f5 1"
channe phiayaaek R HaNIETENERink Ll Jr@llt Eur?&ﬁﬁ?@%} yu%r OIuPE E)Ii‘ 5) r}gfac hannel ).

For sinplicity in presentation, no %o the
LFE chann-“él“oulilct(Lm@taﬂ@)eghrgeméwe@sdr@zstz wchmélaemqimmtend@irfoqﬁ aytnderoshandi ng of

among 1o oa’ FAPRsL Wt Bl SaSRrinl Dt reg e et B

anong the Ive | |ze eak &}
| oudspeakér!l”lchaatel pimylmtk ardggrhaes(swehhnaixesihﬂﬁéls $10s Aderd Lighenj.ng area
center, the other gH cPeaker ocations may have a range of relative

angul ar Iocatﬁbﬁ%“? SHOWS e NBVmggrentrotd s gk eronsdbasavenideslond 22 to 30

degre@s (lbinptakttlocdi@hd gSdiigs tH Ednl 1JuiBRekd: QRAGIHOR 0 rd@j%l@@w@ﬂ@s Jeb&ori 9 h;[j
surround L%rg?geaker Iocahlon from90 to 110 degrees (the left surroun

bei ng t heé PE T RREE I dear hErovdspgkst locations myy tgve g rqnge of whabiserat i ¢ pl an

‘view of am ﬂmﬂbéz&bﬁfm hsmwuﬁlg il el et | RUARRRAKES 1] RCRLL0ENS 10F
r epr oduci §§Ieft %enter C , é%rléht (R audlg cha%€:$§ I ntended for

5pl ayback @%@“FVdﬁ?gﬁPaﬁopV@ﬁ@nmﬁ@gﬁﬁﬁaoﬁﬁﬂOWEP%*@UpW@Qn@O¢M%bm right
surround 1(1Bsikgrebsqfie 15@@1&@% bQ ?ﬂe%ﬁ&)mﬁggloﬁt%mrar{ SR PHE @}#ﬂgm( Rrs) audio

channel s i ntended fo | ayback to the sidés an dides a listening
area1SSuéH“%ﬁﬂdW§§W@KP§O%WSP@é@kﬁraﬁémmﬁmé@emeﬂemnEMrhmn&$mmﬁmi" channe
pl ayback gid-gngenments (seven main channels plus an LFE channel). A notional
listening area 6 having a center 8 is shown anong the seven idealized

FIG. 3 shows the FIG. 1 example to which vertical height loudspeaker locations in

accordance with aspects of the present invention have been added. A right vertical height
(Rvh) loudspeaker location is shown in dashed lines (to indicate that it is above the right
20 (R) loudspeaker location) within an angle range of 22 to 45 degrees with respect to the
listening area center 4. A left vertical height (Lvh) loudspeaker location is shown in
dashed lines (to indicate that it is above the left (L) loudspeaker location) within a mirror
image of the angle range of 22 to 45 degrees with respect to the listening area center 4.
FIG. 4 shows the FIG. 3 example in a small room environment, A sofa 10 is
25  located in the listening area 2. Loudspeakers are located at the L, LFE, C, R, Lvh, Rvh, Ls
and Rs loudspeaker locations. Equipment associated with the multiple audio channels are
shown schematically at 12. A video screen 13 is located above the center loudspeaker
location.
It will be noted that the Lvh and Rvh loudspeaker locations are above the
30  loudspeaker locations of the front audio channels. For example, it has been found that
suitable Lvh and Rvh loudspeaker locations are at least one meter above the L and R
loudspeaker locations and as high as possible. Also, although it has been found that the
Lvh and Rvh loudspeaker locations may be at an angle wider than the L and R loudspeaker

locations (up to 45 degrees rather than 30 degrees, for example), the Lvh and Rvh
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It will be noted that the Lvh and Rvh loudspeaker locations are above the
loudspeaker locations of the front audio channels. For example, it has been found that
suitable Lvh and Rvh loudspeaker locations are at least one meter above the L and R
loudspeaker locations and as high as possible. Also, although it has been found that the

20 Lvhand Rvh loudspeaker locations may be at an angle wider than the L and R loudspeaker
locations (up to 45 degrees rather than 30 degrees, for example), the Lvh and Rvh
loudspeaker locations preferably are substantially directly above the L and R loudspeaker
locations. It will also be noted that the Lvh and Rvh loudspeaker locations are above the
Ls, Rs, Lrs and Rrs loudspeaker locations.

25 FIGS. 7-10 show examples of various ways according to aspects of the present
invention in which signals for applying to loudspeakers at the Lvh and Rvh loudspeaker
locations may be obtained.

Referring first to FIG. 7, five audio channels (L, C, R, Ls and Rs) for applying to
respective loudspeakers at the five loudspeaker locations common to the examples of

30 FIGS. 1,3 and 4 are shown. Out-of-phase sound information in the pair of channels
intended for playback from the loudspeaker locations (Ls, Rs) at the sides of the listening
area is extracted by an extractor or extracting process (“Extract Out-of-Phase”) 16 to

provide signals for application to loudspeakers at the Lvh and Rvh loudspeaker locations
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Rs, Lrs and Rrs | oudspeaker cations éxanpl es of
vari ods ways a{%é@r%ﬁlﬁgletotﬁF%@ewsll ofdiq tenpelegent, R IILvem;t Lenni Respidich si gnal s

be. ot oi bgade SOHATRERSIRaRh 1 B YA B0k B BORERREI SR TC R LS and
:?{s) I or @ppnpiengt EI@S{ é,si)mdtd arestooud Speakehse adiunti hﬁ“oﬁrrlaﬁi% lrﬂﬁgﬁaﬁﬁ@fker

ocat i ONg,CoNTM and 4 are s
Qut - of - p?lcage soﬂtﬁ%@ d fhl qgﬁori“ rq“etlﬂ‘ecpﬁ%ﬁ% 18?“‘81%%1%&% af the sifefed thoor

pl ayback listeomgtahe it eudisqeeakeﬁ eXt0CRt boBSralihdy prbiRls @ExtlLOS. 488,95 [ e
IlsteQTrdl ng area is ext.ract e gn extractor or extractlng process (" Extract
0

Phase™y defb‘%“f 8%(‘89 91180 ugseeakeis agihp il and b lpelsberlgslpetives s at t he
Lvh and ReIGY. GLadS peabelicd @¢adckANS may be, for example, a passive or active matrix. A

suitable passive matrix may be characterized as
Lvh = [(0.871 * Lrs).~ (0.49 * Rrs)], and
Rvh = [(~ 0.49 * Lrs) + (0.871 * Rus)].
25 The quiescent matrix condition of a suitable active matrix may also be characterized in the
same manner.

Thus, the extracting device or process 16 extracts two audio signals, a left vertical
height signal and a right vertical height signal, for coupling, respectively, to the left vertical
height and right vertical height loudspeakers. Each of the vertical height signals comprise

30 out-of-phase components in Ls and Rs channels, the left vertical height signal being
weighted to the left side and/or left rear side channel in the pair of channels and the right
vertical height signal being weighted to the right side and/or right rear side channel in the
pair of channels by virtue of the matrix coefficients (0.871 and 0.49, in the example).

Preferably, the vertical height signals are in-phase with respect to one another.



(FIGS. 3 and 4). Device or process 16 may be, for exanple, a passive or
active matrix. A suitable passive matrix may be characterized as Lvh =

0.871 * - * Rs)], and Rvh = [(-- 0.49 * Ls) 0.871 * Rs)].
g%he quies%é%?u&gﬁé?x condition of a suitable active nﬁ?Wé%mﬁﬂwﬁﬁ?so be
characterized in the sane manner. Thus, the extracting device or
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si de chann in the pair of channe efficients
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h r n ot 151 n th seven
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FI GS. 2, sound information in the pair of

channel s ?l%?aéﬁ%gtﬁl r&ﬁ“ﬁ%@%@&ﬂ?@?ﬁ Fﬁ’égl gtfdsPEa e desimelsdors (Ls, Rs) at

t he sicdesapplictioe t lostigpilag aarlﬁivh%n@mﬁ%@%aM@Qu&ém@@ 91511&)& ). §xtracting
process ("Extract Qut-of-Phase") 16 20 to provide signals for “application

to Iouds'@§%§W§m§ﬂh?ﬁ@”@%ﬁ“@ﬁ@cwaﬂpﬁﬁdgﬁéékémgkémémpbmsH@FMGSHwB and 6).

EEVICG ory o I ve natrlx A
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* Rrs)], AR for eppropla g pasyivesyr agtifeOn@rig. A sRitab)d pas@&Tinetr 1@|ma@33eent mat rix
condi ti on@facRrisdiidsabl e active matrix may al so be characterized in the sane
rannels Lvh = Rvh = (Ls - Rs).
The quiescent matrix condition of a suitable active matrix may also be characterized in the
same manner. The signal splitting device or process 20 may be considered to be part of the
extracting device or process 18.
The single monophonic signal may be split into two copies of the same si gnal.

20 Alternatively, some type of pseudo-stereo derivation may be applied to the monophonic

signal.

Thus, the extracting device or process 18 extracts two audio signals, a left vertical
height signal and a right vertical height signal, for coupling, respectively, to the left vertical
height and right vertical height loudspeakers. Each of the vertical height signals comprise

25 out-of-phase components in Ls and Rs channels. Preferably, the vertical hei ght signals are
in-phase with respect to one another.

In the example of FIG. 10, seven audio channels (L, C, R, Ls, Rs, Lrs and Rrs) for
applying to respective loudspeakers at the seven loudspeaker locations common to the
examples of FIGS. 2, 5 and 6 are shown. Out-of-phase sound information in the pair of

30  channels intended for playback from the loudspeaker locations (Ls, Rs) at the sides of the
listening area is extracted by an extractor or extracting process (“Extract Out-of-Phase”) 18
and a signal splitter or signal splitting process (“Split Signal”) 20 to provide signals for
application to loudspeakers at the Lvh and Rvh loudspeaker locations (FIGS. 3 and 4). In

this example, the extracting device or process derives a single monophonic signal rather



Thus, the extracting device or process 16 extracts two audio signals, a

| eft vertical height signal and a right verfiﬁal Eeighé s!gR?I, f?r

coupl i ng, lyely, to the left vertical height and right vertica
height ?ou s%@gﬁ%%%E Each of the vertical height signalS'E gds
30out - of - phase conponents in Ls and Rs channels, the left vertical height

si gnal beihagtweitghiphdnit0ikt bignkiehd inshdlea@pidé Of FIGST 1 ke DSIideorghRanel in the
pair of c nne%s\and t he %%ght vertical height signal being weighted to the
right side RAUPBIOTFYARIEr ST QA KERAEN. Priutiable prafive watigHadRel s by virt ue
of the matHataxtegiofdsi ci ents (0.871 and 0.49, in the exanple). Preferably,
the vertical height signals are in-phase with respect to one another.

Al t hough it has beéfif duft&Ve to extract the left vertical hei ght

si gnals anthd 4@teny BhkixGBhdiNeh 91 s t'a&@%tiv%ﬁﬁ'fﬁﬁﬂéy elﬁfo l?en&al}'?%te pany 3: pai r,

the vertical height signals nmay al so be extracted fromthe Lrs and Rrs
channel p#ine.manper Hde egartpbletiof et orgrockisé m@boor«sﬁrﬁm{?bge @frx ogihe R, kLs
and Rs) fqr. | ¥ing to Br ective | oudspeakers at the five | oudspeaker
Iocatiénsaggnﬁﬁﬁ%%%ggﬂg0§§§ﬁgles of FIGS. 1, 3 and 4 are shown.

Qut - of - phase sldwndiglenfoopbdriiosgha ntahée pait intofwchoarpel sckateaged for

| ayback he |oudspeaker |locations (Ls, Rs) at the sides of the
Ioi geﬁicng;‘%%é&fﬂe’ Sec%eﬁgget 035)3 Voﬁﬁe‘%&%‘ é{?:éodi‘rm%rbeé‘?glfegé? Mygnposbeds (" Ext ract
Qut - of- Phage!.) 18 and a signal splitter or signal splitting process ("Split

Signal") 20 t rovide signals for 10application to | oudspeakers at the Lvh
| ang R\/h) I oudsgr_é‘ﬁfcélﬂ‘e ‘?Xgé%ﬁri%d‘%w? PYB3Csy Pg‘ﬁ‘dr agfy twq Wdtorﬁlél}a@x gl erticehe
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two stereophonic-like Signals as in ‘ e 8.7 |

or proce§§%T8mﬁﬁyﬂﬁé@“%@gm@%dﬁwﬁéﬁmaﬁp§8@ﬂﬁ@ﬁﬂﬁﬁa@kWW%HH@nﬂzgnmﬁﬁﬁU|table
assi ve Lt r 1 = K =. (ks .- ! e
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char dét erlppégeivithrpwegaprenaanetier.. The signal splitting device or process 20

may be consi dey, - racting.devi or . process 18.
Thg singl e nnggﬁﬁ%kﬁéﬂgﬁgﬁgﬁm§%§h%§k§%%??£V% %ﬁaﬁ%mﬁggﬁggﬁg?ﬁ?% same
si gnal . 20AI vatierhheighlsignalsiome theypend Rs phauelpas] tee eatice hbight §igalsimy be

applied tg the.mno 995%14égﬂﬁéﬂﬁgygdzgﬁThus’ the extracting device or

process 18 extracts two audi 0 si g left vertical height signal and a
ri ght verti caln tweivgidusskgmghsy chtodmoupldf TGS, BEDPRSANEIY audi®clhgeld f t

zg: E :2@2‘: (Eg(%?,g[ﬂthgling &g!l,gfb\%birgﬁ }ggﬁsl, RQ,eLlrg, q{rs,lL?/H,dRsv% %1ka§‘/ rb?: 'audEig %lrl]angglst he

derived from a pair of audio source signals. Such pair of audio signals may be a
stereophonic pair of audio signals into which directional information is encoded. A pair of
independent signals representing respective channels intended for playback to the sides
and/or rear of the listening area may be encoded with out-of-phase vertical hei ght

25 information. In the absence of such encoding, which may be difficult to implement, the
vertical height signals obtained may be considered to be pseudo-height signals. It is an
aspect of the present invention that, in view of their manner of derivation, such pseudo-
height signals are unlikely to include sounds that are non-sensical or out-of-place when
reproduced by loudspeakers in the Lvh and Rvh positions. Such pseudo-height signals will

30 comprise mainly ambient or diffuse sounds present in the side or rear side channels.

Alternatively, the multiple audio channels may be derived from more than two

audio source signals comprising independent (or discrete) signals representing respective

channels intended for playback to the front of the listening area and to the sides and/or rear

of the listening area. A pair of independent signals representing respective channels



250ut - of - phase conponents in Ls and Rs channels. Preferably, the vertical
hei ght signals are in-phase with respect to one another. In the exanple of
FIG 10, sgven audio channels (L, C, R Ls, Rs, Lrs and Rrs) fo_[ appl yi ng
to respect Ne'l'Md8peakers at the seven | oudspeaker | oBGTIEH@/SSIAON to the
exanples of FIGS. 2, 5 and 6 are shown. Cut-of-phase sound information in
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(Ls, Rs) at the sides of the listening area Is &xtracted by an extractor or
ext r act | ngPiRieBESS efticphhereht i faomatior. - (Pifs easy, so@damahydesikgiially lslpdtﬂ:c? foer or

si gnal sphihiual X = N .ovide signals for

apgl i cat Pﬂélhil%agplg%%g%%g}%éégﬁgithhagh%&ﬁ l%%lgf?e%\{/%ﬁ??ogg%lsspeaker | ocations (FIGS.
3 and 4). |n tiirsineptigiipihe vatipus fextasdonpfodeslkite tone s essgder i ves a

si ngl e; mo ' ' | I r . than two stereophonic-ljke signals as in
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be split LeheRRseIcBp PEEnRs Otfﬁ’éVi’é)&W@f“éf‘g’ﬁéﬂepfsﬂlftf@rm%i?ﬁlilt\ifewew,iofsd?m type of
pseudny St 8@l gleiad@liiQbeaBYs FenABRIhEM e Bcdifs AMAOPRONIG kRsignal .

Thus, the extracting device or process 18 extracts two audio signals, a
1eft ver t§*@apleparegiof critjicghialthaingendion g, v grouidoddo teeingérstosd @Eahoreftmlp I
“coupl i ng, i t . tJcal hei ght .and right vertica
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out - of - phase conponents in Ls and Rs channels. Preferably, the vertical
hei ght signals are 15i n-phase WMPN.EMENEA{I®N one anot her. Al t hough

it has been f i: t. left vertical hejght signal and
ri ght verti caﬁqﬁg?\% ft“;@?g)ﬁ%% &l}p?%ﬁrf{l ﬁ%em E%gvé’%r O%Ofgvhaé%r?éﬁoﬂggnﬁ? 1qnypk verti cal
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E:Eg.nxg{ iSQHélufe)ﬁeangx@gy thé EER%QMB%% ﬁot%he@n@ielzﬁéc} t%’angl %g’[iwlart clo lp%te?grd 10
other apparatus. In particular, various general-purpose machines may be used with
programs written in accordance with the teachings herein, or it may be more convenient to
construct more specialized apparatus (e.g., integrated circuits) to perform the required

20 method steps. Thus, the invention may be implemented in one or more computer programs
executing on one or more programmable computer systems each comprising at least one
processor, at least one data storage system (including volatile and non-volatile memory
and/or storage elements), at least one input device or port, and at least one output device or
port. Program code is applied to input data to perform the functions described herein and

25 generate output information. The output information is applied to one or more output
devices, in known fashion.

Each such program may be implemented in any desired computer language
(including machine, assembly, or high level procedural, logical, or object oriented
programming languages) to communicate with a computer system. In any case, the

30 language may be a compiled or interpreted language.

Each such computer program is preferably stored on or downloaded to a storage

media or device (e.g., solid state memory or media, or magnetic or optical media) readable

by a general or special purpose programmable computer, for configuring and operating the



20(L, C, R Ls, Rs, Lvh, Rvb; L, C R Ls, Rs, Us, Rrs, Lvh, Rvh) may be
audi o channel s derived froma pair of audio source signals. Such pair of
audi o sig b% ﬂﬁéﬁﬁe a stereophonic pair of audio signals into which
directional JiAO¢fMEtion i s encoded. A pai r of i ndependBht/USPYPAFIds
representing respective channels intended for playback to the sides and/or
rear of t&endutst@rRh B s8R HE&Ya i ] - versical, hei ght
25 infornatﬁtn. In the a%%ence %ﬁmgﬁgﬁqgﬁgﬁﬁﬁﬂagM&%?g ngypgg%gﬁﬁficult to
i npl enent PropyRres dperibed hanan ghie igveiae syséin aminelso bagpnbiderebtodieder ed to be
pseudo- heih%mél'téﬁﬂh@-|a%0mb&te}-1§a@a!ﬂleas?&'§§§ mﬁcriuﬁ‘l &, Ré\ﬁécﬁ\mth h@é/nel NhLon that, in
view of their manner of derivation, suc pséudo.. el ght 'signals are

unl i kel y Rregiefeiee theoimags mehem ap eonfgnted emssecatongricugsiaf toplpace: inhen
repr oduc " , |0 L n, h_positi.ons. Such pseudo- hei ght
signaﬁg 3?$?M§gggﬁggggggﬁgpﬁﬂ§ggﬁ%#%ﬂf%%ﬁn§¥PFg%%“%@ﬁﬁﬁglpresent in the
side or r&apmbiidd emhadimehts of the inventioM st hadni degdriped. t e/ertdlésk At ®ilBaidi 0
channel s N erived frgmnore than t audi o source signals conprising
independéﬁ?xfggdgﬁgg?gwéymgﬂ%ﬂ5V§“F@g?@gégFTﬁ@ﬂﬂ@§5@&%ﬁ%@“@ﬁ@ﬁh@ﬁ% i nt ended
for playbaope dfohd ieerdivantofanple, donsd @M Gepaki@RriBRIChetsh hRghshdgs and/ or
rear of thg IiC}s?teni(pﬁ;llare{':h.T Afpgir,of i ndependent signals representing
respect i VBIPIATTE AR Tyt Reesrtpgreddn 4y prlekditlgrepeons frgbdeseiibgflor rear of the
| i stening area nmay be encoded wi th out-of-phase vertical height
information. In that case, sounds may be explicitly |ocated for playback by
| oudspeakers at the Lvh and Rvh | oudspeaker | ocations. For
sinplicity the various figures do not show relative tinme delays and gain
adj ustments as may be necessary in inplenmenting a practical sound
reproduction arrangenent. The manner of inplenenting such tine delays and
gain adjustnents are well known in the art and do not forma part of the
present invention. It will be understood that the arrangenents of
FIGS. 1-6 for reproducing nultiple audio channels are exanpl es of
environments for aspects of the present invention. For 10exanple, the
angul ar | ocations of the | oudspeaker locations in the FIG 1 and FIG 2
exanples are not critical to the invention. Also, it should al so be
understood that nore than one | oudspeaker nay be placed at or in proximty
to a | oudspeaker |ocation. | MPLEMENTATI ON The invention may be inpl enented
in hardware or software, or a conbination of 15both (e.g., programmble

| ogic arrays). Unless otherw se specified, the algorithns included as part
of the invention are not inherently related to any particul ar conputer or
ot her apparatus. In particular, various general -purpose nmachi nes may be
used with prograns witten in accordance with the teachings herein, or it
may be nore convenient to construct nore specialized apparatus (e.g.,
integrated circuits) to performthe required 20met hod steps. Thus, the
invention may be inplenmented in one or nore conputer prograns

10




executing on one or nore programmabl e conputer systems each conprising at

| east one processor, at |east one data storage system (including volatile

and non-volatile menory and/or storage elenents), at |east one input device

or port, and at |east one output device or port. Programcode is applied to
i nput data to performthe functions described herein and 25generate out put

i nformati on. The output information i%gzgﬁkied to one or nore output

devi ces, in known fashion. Each %rogran1nay be inplemented in

any desired conputer |anguage (including machine, assenbly, or high |evel
procedural, |ogical, or object oriented programm ng | anguages) to
connunicat%dﬁﬁzh a conputer system In any case, the 30l anguage may be a
conpiled or interpreted |anguage. Each such conputer programis
preferably stored on or down| oaded to a storage nedia or device (e.qg.

solid state menoly of* MeBydo! hapsigmibeirepraducsipnioé atultlelpeadio chandals) e 3y a
eneral or I : | t.er .. C .gurin nd .
opor ati ng (R e mebeHP el ARERTTEERATERLRE sob b SRR LR o
conput er syfSthemd oinpexitd fonpldydagh mqmudf&alﬂﬁﬁﬁgdrl@édldiﬁsﬁ@ﬁﬂg ardd) QoingM%'lﬂgl ve
system may al so be considered to be |nplenented as a conputer-readabl e

s%/or age rrgdi um ed‘é‘ﬁ?‘i“&jiﬁ%d’fiﬂ%f‘?? SQUBG S0P Figgt BxsPaiiivd e dhranads infeaged

medi UM SO GPBfk BMLAH 1SAYIE: Fe ARYL Bl SUShEMAQ, QRErate in 5a specific and
pr edef i ned HESZer<totperforﬁ??ﬁe fu%cﬁfo%% @gﬁé%r ed herein. A nunber of

enbodi ment s of tapeliimyead porofhEhaee freed idestatidngd loNsp@kehdbags, abbte wi | | be
under st 00 tovarious nodifications nmay be nade w thout departing.from
the spi 0 ounEtaBLLRYRe BRE i SR Rin R o B P i gt F R B

descri bed dier,ei n may be order independent, and thus can be perforned in an
order different fromthat described. CLAIMS | claim .A method of
enhancing the reproduction or nultiple audio channels, the channels

i ncl udi ng channeV ePIRradFad¢HIE Plasipadkstapd precodsat ofgrit-af-phaseeni ng ar ea

o0 . D B0AR) 5140, SO0 O A ALERRH 11,8 3. 985,00l
i nf or mat i omefor omre hegt padical bfighhleuddpanined citad etdednt or nphalehdokdsheakehe
si des or rp g‘yring Léjc%sa c(?lfamtlet]%f ltlilesc!:hglrlllilerl]sg inla‘érn g'd foafrfl)?ayback to the left front of the
listening area and applies said second set of out-of-phase information to one or more right
vertical height loudspeakers located above one or more right loudspeakers playing back a

channel of the channels intended for playback to the right front of the listening area.

2. A method according to claim 1 wherein said extracting exiracts a single-
channel monophonic audio signal comprising out-of-phase components in said pair of
channels and divides said monophonic audio signal into two signals, a left vertical height
signal and a right vertical height signal, for coupling, respectively, to said left vertical

height and right vertical height loudspeakers.

3. A method according to claim 1 wherein said extracting extracts two audio
signals, a left vertical height signal and a right vertical height signal, for coupling,
respectively, to said left vertical height and right vertical height loudspeakers, each of
which vertical height signals comprises out-of-phase components in said pair of channels,
the left vertical height signal being weighted to the left side and/or left rear side channel in
the pair of channels and the right vertical height signal being weighted to the right side

and/or right rear side channel in the pair of channels.
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appl yi ng sai d out-of-phase sound information to | oudspeakers | ocated above
| oudspeakers playi ng back the channels intended for playback to the front
of the listening area, wherein said extracting extracts a first and
a second set of out-of-phase information and wherein said applying applies
said first set of ouk n@thRNASErdidYf ORI 2080 me@é‘«h&feuﬁfﬁé %@ﬁﬁ b ﬁh%ﬁ% cal

hei ght | oudspeakers | ocated above one or nore | oudspeak ers pl ayl ng
back a chdafeprtishl heght ehdirighl eriiga émletdofl@pewee@yeba@kpmase whid chef othér ont  of
the listening area and applles sai d second set of out-of-phase information
to one or nore qight S ted above one or nore
right Ioudspeak%rs 5??5%%&P Ogﬁ%ﬂ§%3#8H$8R$% g’%ﬁgﬁﬁg gw“3§8ﬁ%%%l?or

pl ayback tahabieds lrn[eglkiéd farqitybadk tohbe $itlst @idiorgezarsiias of the listeniig afealBldrod
according to claim|l greln sai d ex raciing extracts a single- channel
nDnophonléuHBHWﬁdgpaﬂéW QM PUrHGISORI6H - phase conponents in said pair of
channel s and di vides sai d nonophonic audio signal into tw signals, a left
vertical heights si gn@meandl Rchldgto Uey bheat cliﬂ?ﬂs@lm{ whk@Aiherd 19611&?&112!)1* ng,
respectively, to said |left vertical height and right vertical
Ioudspeaké$@ﬂwblnwndﬁBﬁnAknb@ﬁﬁﬁ1@@@dmdnﬁgnnanskhsnfﬂwﬁh@n&kmusaa&ﬂiem
extracting. extr audi nal s Ie t vertical height signal and a
ri ght ver?W88Pmﬂ§Pﬁh?anﬁ&ﬁﬁw?“?b “E%ﬁBFﬁﬂ ‘respectively, to said |left
vertical height and right vertical height Ioudspeakers each of which
vertical hei ght7 si gnehgtleonpcoglg ©dhy ohe PhagitnsaoMpoBRM elcrsldpfaidr of
channel s, v %%cal hei ght signal being weighted to the Ieft si de
and/ or | ef mi%@ mgeiné%J Atrencl i hyadgsaind/ s reag hidanel e diggning arqe gmn of

Ve(rjt ' gﬁlanﬁgie%lmg otﬁlllcg&?a é}l@@%ﬂ@a‘ﬁﬁkgg{eﬁps&%uhﬁ %h{u{ilgﬂt al ?ﬁelgﬂ%@r a dter ear

si de

claim?2 orsun‘blaldwl@nn\eﬁea@the tetﬁlesuangmhdnsi agplsinecurtdochamnds dref the pair bi teai hei ght

and right verti eakers are.in phase with each other.
5. A net hdd' 3‘&&&3}1’?@ g‘(? tg‘h&%l " syprowdykright ‘Pe\}\ﬁ‘é‘ir%‘lmﬁl PRSI s one pair of
channel s intended for playback to the sides and/or rear sides of the

listening areag. a | ef meaiddrendinghaanebnanidians 19NWhekiT Qunekibannel .
6. A nethod according to any one of clains 1-4 wherein there is one pair of

channel s icktrafgEdd perofpmhaydapkdtiopaios ui wprdsise magdy. si des of the
|istening area, a left rear surround channel and a right rear surround

channel . : f:
there are two pal rs%){‘ﬁ%%ﬁann@(ﬁgﬁ%ﬁ% g%dltlg ‘?{&%Igﬂg& éllccﬁtl ?laﬁ(%lll%ﬁ(é}]%gégﬁal or
rear SIde@ubﬁfDMQeBmsﬂenkmgmameaexawpainmpbeQbﬁgmﬁmﬁEDMﬂHR@hﬁMh@bﬁnﬁﬂﬁ a

d ch l. air of side surround
Phannel s SrotHus? srndSTRPBEIS: At o foneett e e e HenpaRy or

rear surrgﬁﬁqggk}ﬁml{lﬂ{ is%'iﬁl%shﬁaﬂ@Jéhafa%?c‘hzé&'ﬁgound and right rear surround
channel s. hod according to any one of clains 1-7 wherein

sai d extracting exti&hFﬁ(@&?U bax -~ ©f495hRsk, aadund i nf or mati on using a
passive matrix. Rvh = [(- 0.49 * Ls) + (0.871 * Rs)].

10. A method according to any one of claims 1-9 wherein said multiple audio

channels are derived from a pair of audio source signals.

11. A method according to claim 10 wherein said pair of audio signals are a

stereophonic pair of audio signals into which directional information is encoded.

12. A method according to any one of claims 1-9 wherein said multiple audio
channels are derived from more than two audio source signals comprising independent
signals representing respective channels intended for playback to the front of the listening

area and to the sides and/or rear of the listening area.
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9. A nethod according to claim8 wherein the pair of channels from which

t he out-of -phase sound information is extracted may be designated Ls and Rs
and the extracted out-of-phase sound informati on nmay be designated Lvh and
Rvh, such that the relationships anong Lvh, Rvh, |I,s and Rs may be
characterized by, LvhA mdifd¥ &6drdin %)cla‘im(l@-v@i%rgﬁ_)alpair%ﬁlnc%ﬁgnd%n! siéﬁalso' 49 *
Ls) t (0.871 * Rs)l. . 10. A nethod according to any one of clainms 1-9
wher ei n saFHCARINNE pespeeivgi chartehnintindeditos phiebickdd the Baesangair reapbf tiadi o
source Si s aven | 4 Aqsnethod accordi ng to .claim.10 wherein said pair
of audio guﬁgéﬁ’z‘?%m%%le”&cs éir“élgb PP el Tgﬂgﬁtdntql n{éﬁ”’s into which
directional information is encoded. 12. A nethod according to any
one of clains 1HM9 whepmiratusadagtadub prqgotiee udicdh@haminglose af aeyi-ved from
nore than two audi o source signals conprising i ndependent signals
representing respectjve channels intended.for playback to the front of the
| i stening ar eaelind t°0 CPHBUST H‘é’§1aé’h?f;a@}e%rtgé‘?“?(?fneflh cmethdhplfgy apegl claims

13. A methagsaccording to claim 12 wherein a pair of independent signals
representing respective channels intended for playback to the sides and/or
rear of the listening area is encoded with out-of-phase vertical height

i nformati on. 14. Apparatus adapted to practice the nethod of any one
of clains 1-13. 15. A conmputer program adapted to inplenment the

nmet hod of any one of clains 1-13.
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