ENHANCI NG THE REPRODUCTI ON OF MULTI PLE AUDI O CHANNELS CROSS- REFERENCE TO
RELATED APPLI CATI ONS This application clains priority to United States
Pat ent Prwwoizsioonads2 Appl i cation No. 61/190, 963, filed 3 BemtuseimensA008,
hereby incorporated by reference in its entirety. FIELD OF THE | NVENTI ON
This invention relates to the field of nultichannel audio.
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for COUle i 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 alternative, extracting may extract 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 which vertical height signals comprises out-of-
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[ (0.871 * ﬁ}mmnﬁghﬁgwﬁ Rs)], and Rvh = [(- 0.49 Ls) + (0.871 * Rs)].
AIternatlve Y, e extracting may extract the out-of-phase sound

i nf or mat i on uShaextemtiag tay exiradt theout-of-phase sound information using a passive
matrix. The pair of channels from which the out-of-phase sound information is extracted
may be designated Ls and Rs and the extracted out-of-phase sound information may be

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 using an
25  active matrix.
The multiple audio channels may be derived from a pair of audio source signals.
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
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(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 1is
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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loudspeaker locations and as high as possible. Also, although it has been found that the

20  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
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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examples of FIGS. 2, 5 and 6 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
20  to provide signals for application to loudspeakers at the Lvh and Rvh loudspeaker locations
(FIGS. 5 and 6). Device or process 16 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 * Rrs)].
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.



hei ght and right vertical height |oudspeakers. Each of the vertical height
signal s conprise out-of-phase conponents in Ls and Rs channels, the left
verti cal Wweixgtwo2gssgnal bei ng weighted to the |eft side aow/useodvebiiig ear
side channel in the pair of channels and the right vertical height signal
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the vertical height signals conprise out-of-phase conponents in Ls and Rs
channel sthap fiwo sefeophericilikasighals ghin i ghamnplsephiglGlei’ gid 8d Ryiqetns predess si de
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si de chadmnehctérivetihe pair of channels by virtue of the matrix coefficients
(0.871 and 0.49, in the exanple). Preferably, the vertical height signals

are Ih-phase with F¥8pdEh T d-nBSanot her. Al though it has been found
sul t abl €4 o el defithaldiohBiion WEL ShEle AEHEMarth A9l B chbbleriyel hifel
e t

hei ght sign romthe Ls and Rs chann pair, vertical height signals
may al sosdmee metuec {Tad sfgnalmeptitimgldesicand pfcsssciianmebe gansidered to be part of the
extracting device or process 18.

The single monophonic signal may be split into two copies of the same signal.

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 height 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



In the exanple of FIG 9, five audio channels (L, C, R Ls and Rs) for
applying to respective | oudspeakers at the five | oudspeaker |ocations
conmon t owbdheloeneasspl es of FIGS. 1, 3 and 4 are shown. OrcTafs2@oassaisound
information in the pair of channel s i ntended for playback fromthe

| oudspeaker | ocations Rs) at the sides of the listening area is
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provi de sign fonto lou speakers at

| oudspeadtaractepizad hons (FI GS. 3 and 4). In this exanple, the extracting
devi ce or process derives a _single nonophonic signal rather than two

st er eophoni c- | i ke BYHR&Y8 23 nirHe exanples of FIGS. 7 and 8. Device or

process H ({ﬂﬁé{scpﬁ’m A% Cﬁar XADY 6f 2 i @I%sdcﬁeﬂﬁfatr%b}\/ Ql(s%l% Ehé?agt&?éd' ihapl e
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t he sane manper. The signal pIitting device or process 20 may be
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audi nahs a left vertical height signal and a right vertical height
signal , Y8!%coupling, respectively, to the left vertical height and right

vertical hei ghkud eedsReakR &vidsas Praeksst Icexv@tts itwakudigispblssa Bfiadesti@ONpri se
out - of - phase conponents in Ls and Rs channels. Preferably, the vertical

hei ght sheighilsiznal end avighiasaioal kniehteigpek for uphieg, appesnely. (htherelt ¥xdsdl e of
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to respec speakers “a Seven ns conhon to the
exanpl esowtfoffgh@& cotypdneats én Bs adER s bimnmels OBtefafablghaﬁe/eﬂmahhlel ghitfsornatstaron i n
t he Palr of channel s intended for playback fromthe | oudspeaker |ocations
(Ls, IRs) ingphase, @ithjrefwsctdp oppanqthelt ening area is extracted by an extractor or

extracting pragfssoh(it R Beaf fodddlsutisI ERRASErakt th8 left vertical height signal and
right vertical height signal from the Ls and Rs channel pair, the vertical height signals may

also be extracted from the Lrs and Rrs channel pair.
In the various exemplary embodiments of FIGS. 3-10, the multiple audio channels
20 (L, C,R,Ls,Rs, Lvh, Rvh; L, C, R, Ls, Rs, Lrs, Rrs, Lvh, Rvh) may be audio channels
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 height
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. Itis 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



and a signal splitter or signal splitting process ("Split Signal") 20 to
provi de signals for application to | oudspeakers at the Lvh and Rvh
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representing respective channels |nFEn d for playback to the sides and/or
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pseudo- hgj.Qlkd 8¢ 50386 Sthe idvehBo@Bre not inherently related to any particular computer or
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



aspect of the present invention that, in view of their manner of
derivation, such pseudohei ght signals are unlikely to include sounds that
are non- swomal27sse out - of - pl ace when reproduced by | ousdspaszenssimsthe Lvh
and Rvh positions. Such pseudo-height signals will conprise mainly anbi ent
or diffuse sounds present in the side or rear side channels. Al ternatively,
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art and do not forma part of the present invention. It will be understood
t hat t heindepeadesnent tbupfanfieGsrfotmed froam arder dtfarshhijomihatidsb@ibaddi o channel s
are exanpl es of environnents for aspects of the present invention. For
exanpl e, 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 may be placed at or in
proximty to a | oudspeaker |ocation. | MPLEMENTATI ON The invention nay be

i npl emented in hardware or software, or a conbination of both (e.qg.
programmabl e | ogic arrays). Unless otherw se specified, the algorithns

i ncluded as part of the invention are not inherently related to any
particul ar conmputer or other apparatus. In particular, various
gener al - pur pose machi nes may be used with prograns witten in accordance
with the teachings herein, or it nmay be nore convenient to construct nore
speci ali zed apparatus (e.g., integrated circuits) to performthe required
nmet hod steps. Thus, the invention may be inplenented in one or nore
conput er prograns executing on one or nore progranmmabl e conputer systens
each conprising at |east one

10



processor, at |east one data storage system (including volatile and
non-vol atil e menory and/ or storage el enents), at |east one input device or
port, andwvetoioaastszone out put device or port. Program cede/tusseppiiied to

i nput data to performthe functions described herein and generate out put

i nformation. The output infornmation is applied to one or nore output

devi ces, in known fashion. Each such Ig%%%ram may be inplenented in any
desired conputer |anguage (i ncludi n assenbly, or high |evel
procedur gl h.0gi cal, or object oriented programm ng |anguages) to

communi cate with a corrput er system |In any case, the |anguage nmay be a
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performthe functions described herein. A nunber of enbodinents of the

I nvent i oabdveleudseenketadeyingbeck guaneals ngdndsd foripfayhinghf toghe fradierfshood t hat
varlﬂys ng%hgl leons may be nmade wi thout departing fromthe spirit and
scope’ of PAVENt i on. For exanpl e, sone of the steps described herein may
be order |ndependent and thus can be perforned in an order different from
t hat descri bed. CLAI M5 | .. A method of enhancing the reproductlon of
mul tiple audi 8 &@ﬁﬁb@ﬁ@ccq@@gé%}ﬁmﬂ herdn é%lfiﬁﬁtr%‘ﬁléﬂﬁég%cW Pt etrdeef 46
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pl ayback 't e sides and/or rear stening area, conprising
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right vertical height loudspeakers located above one or more right loudspeakers playing

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

20 3. A method according to claim 2 wherein said extracting extracts 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.

25

4. A method according to claim 2 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,

30 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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listening area. 2. A nmethod according to claim1 wherein said extracting
extracts two sets of outof- phase informati on and wherein said applying
appl i es swoaofoinsgs2set of out-of - phase information to omeTars2emnssiief t
vertical height |oudspeakers |ocated above one or nore |eft |oudspeakers
pl ayi ng back a channel or channels intended for playback to the left front
of the |istenpnd raetbad aprgrdippid dainsaiogclese drycdhesan thefsignas apbliph tswid left

i nf or mat {/émczh%e%???ﬁ)({ %éﬁ%rv%ﬂfchﬂﬁ&%ﬁ{%&dsﬁ lke{éealrcgp t hlagel:“| }q/ﬁﬁ%g e(gtﬁelj. ocat ed above
one or norerig oudspeakers ptayi ng® back a channel or channél s intended
for playback to the right front of the listening area. 3. A nethod
according to claim2 wherein said extracting extracts a_singl e-channel
nonophoni ¢ aulti & BEYARRCEEHRE IsIPreRE -C@Fmﬁgés‘éh?félﬁﬁbﬁém e ppicefi d pair of
channel s kM i i j i | d i , a left
vorti bai o EfEs AR R RPARIIES BTbOrCal 08 of f Sl pelBlch: B
respect i metopndtchamsel gshd efightwerrbucbthahe¢elght and ri ght vertical hei ght

| oudspeakers. 4. A method according to claim?2 wherein said extracting
extracts two audio signals, a left vertical height signal and a right
vertical hei ght ashggl ac o?d’ingfﬂjm# M ofE3RE G WBL¥in tB&e?@b&hﬂa‘ﬁféf vertical
hei ght and right vertical herght °| oudspeakers, each of which vertical

hei ght sthynatls imenedifeegayhack of thekake acdopeaentds dfithshstehipabreaod lefthraamel s,
the left verti.cal height .signal being weighted to the left side and/or left
rearhgid@“gﬁﬁﬂﬁgwnpﬁm%ﬂ%“ég?Fmﬁyneﬁ%ﬁﬂﬁwggand the right vertical height
signal being weighted to the right side and/or right rear side channel in
the pair of channels.5. A nethod according to claim3 or claim4 wherein

t he signal s apphiwehpdaeiding &f anyanetaf gkdimp éi giheramdhere gra tweepaiisedl  hei ght

| oud k ‘e ] i 1h h her. 6. .A di :
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to the skidesuranmdehatiedy amsl Oesr efredfherblisd eninAgls andavheeih efitl patoreided
channel and a right_ surround channel. 7. A nethod according to any one of
cl ai b 158TeuRd chamelsrae hejleft syaoynd;and sight sraved shamelsigd dhe pr of i89back to

the si desy AndhQhali&Rard S8R Oar L20ldSh M Pl o Adlcilingiear surr ound

channel and a right rear surround channe e according to any one
of clainms 1-5 wherein there are two pairs of

9. A method according to any one of claims 1-8 wherein said extracting extracts
said out-of-phase sound information using a passive matrix.
20
10. A method according to claim 9 wherein the pair of channels from which the
out-of-phase sound information is extracted may be designated Ls and Rs and the extracted
out-of-phase sound information may be designated Lvh and Rvh, such that the
relationships among Lvh, Rvh, Ls and Rs may be characterized by
25 Lvh =[(0.871 * Ls) — (0.49 * Rs)], and
Rvh = [(-~ 0.49 * Ls) + (0.871 * Rs)].

11. A method according to any one of claims 1-8 wherein said extracting extracts
said out-of-phase sound information using an active matrix.
30
12. A method according to any one of claims 1-11 wherein said multiple audio

channels are derived from a pair of audio source signals.
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channel s intended for playback to the sides and/or rear sides of the
listening area, a pair of side surround channels and a pair of rear
surround wbanmal2gss2and wherein said pair of side surroumrdTalsasmessigre the
| eft surround and right surround channels and the pair of rear surround
channels are the left rear surround and right rear surround channels. 9. A
met hod accor dihgAteethed/acsarding tocglaimk? wheeirardenair ofAvdiosstignadcdPag ext ract s

id out-of - i nf: [ s i At . A et hod
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out - of - phase sound information is extracted nmay be designated Ls and Rs and
t he extracted out-of-phase sound infor rfmti on may be designated Lyh and Rvh,

such that thel4efdpsthodpicpedingiomgyong of RaHDS [d I HereRR sy hEPieRYSQct eri zed
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mul ti pl e¥5taRbOthE AFET QAT ey i NS FHBR S 2pai r of audi o source signals. 13.
A nmet hod according to claim12 wherein said pair of audio signals are a

st ereophonic pair of audio signals into which directional information is
encoded. 14. I .mdtrhetodewordngty domaid whersinod pat af imdependert sighalsei n sai d

mul tj pl e audi 0. channel.s are derived .fro re.than.two audi o saource signals
corpl s g rauReRIER & Fiar s T EERa o F Lt RS B B R M £ enala
for pl ayhaeking ardahigeddoast wah cuhef-phst @BitiRel i @a idoenitont he sides and/ or

rear of the lIistening area. 15. A nmethod according to claim 14 wherein a
pai r of independent signals representing respective channels intended for

pl ayback to t [ e f [ ' 1S encoded with

out - of - phase \tl;@r %Pg%?m%g?éﬁ%d {Onlﬁ (%Cft%ﬁtﬂ?%ﬁ? thgg?g\%g?ﬁfﬁczmg ép{sgd to practice
t he nethod of any one of clainms 1-15. 17. A conputer program adapted to

i npl enent the nethod of any one of clajns 1-15, i
15 A computer program adapted to implement the method of any one of claims

1-15.
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