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[2] With developments in video and sound processing technologies, contents having
high image and sound quality are being provided. Users demanding contents having
high image and sound quality now require realistic images and sound, and accordingly,
research into 3D image and sound is being actively conducted.

[3] 3D sound is generated by providing a plurality of speakers at different positions on a
level surface and outputting sound signals that are equal to or different from each other
according to the speakers so that a user may experience a spatial effect. However,
sound may actually be generated from various elevations, as well as various points on
the level surface. Therefore, a technology for effectively reproducing sound signals

that are generated at different levels from each other is necessary.
Disclosure of Invention
Solution to Problem

[4] The present invention provides a 3D sound reproducing method and apparatus

thereof for localizing a virtual sound source to a predetermined elevation.

Advantageous Effects of Invention

[5] According to the present embodiment, it is possible to provide 3D three-dimensional
effect. And, according to the present embodiment, it is possible that the virtual sound
source may be effectively localized to a predetermined elevation.
Brief Description of Drawings

[6] The above and other features and advantages of the present invention will become
more apparent by describing in detail exemplary embodiments thereof with reference
to the attached drawings in which:

[7] FIG. 1 is a block diagram of a 3D sound reproducing apparatus according to an
exemplary embodiment;

[8] FIG. 2A is a block diagram of the 3D sound reproducing apparatus for localizing a
virtual sound source to a predetermined elevation by using 5-channel signals;

[9] FIG. 2B is a block diagram of a 3D sound reproducing apparatus for localizing a



effect. And, according to the present embodiment, it 4s possible that the virtual sound source may be
effectively localized to a predetermined elevation. Brief Description of Drawings [61The above and
other featur®Oad24¥WeaMtages of the present invention will become more aPpafEREMY/BSErbing in
detail exemplary embodiments thereof with reference to the attached drawings in which: [7]FIG. | is a
block diagram of a 3D sound reproducing apparatus according to an exemplary embodiment; [81FIG.

2A is a block diagjtEHt o 3SR IR RISHSERIEN A SEAIKI0R Porudes ey 2 vignal agsmdi B iitce to a
predetermined elevationckynising Srehatineinsignals; [91FIG. 2B is a block diagram of a 3D sound
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3D sound reprodtiéfgsapieatussrsi %ﬁﬁﬁﬁlﬁ%ﬁﬂl%é‘éﬁ%@%%@&g fédetermined elevation by
outputtinpl 3tchanndiGignals draughsKspeaker s-accpkdiig tDasvexé mplatdnembagharent; {d3]16-1G. 6 is
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source to a predetermined elevation by outputting 7-channel signals throgugh 5 speakers according to

an exemplary entBoUihEREYEHY EREARFTS %f%?&‘a%ﬁotﬂ‘%%ﬁ@ﬁW%@mWfocal|Z|ng a virtual sound
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flowchart illustrating .30 $aund J6RIQdUEIRE EThedAGeREHINGIR AL RS BRIBI @M BQmaRt.
signals through 5 speakers according to an exemplary embodiment;

[14] FIG. 7 is a diagram of a speaker system for localizing a virtual sound source to a pre-
determined elevation according to an exemplary embodiment; and

[15] FIG. 8 is a flowchart illustrating a 3D sound reproducing method according to an
exemplary embodiment.

Best Mode for Carrying out the Invention

[16] Exemplary embodiments provide a method and apparatus for reproducing 3D sound,
and in particular, a method and apparatus for localizing a virtual sound source to a pre-
determined elevation.

[17] According to an aspect of an exemplary embodiment, there is provided a3D sound
reproducing method, the method including: transmitting a sound signal through a pre-
determined filter generating 3D sound corresponding to a first elevation; replicating
the filtered sound signal to generate a plurality of sound signals; performing at least
one of amplifying, attenuating, and delaying on each of the replicated sound signals
based on at least one of a gain value and a delay value corresponding to each of a
plurality of speakers, through which the replicated sound signals are to be output; and
outputting the sound signals that have undergone at least one of the amplifying, at-
tenuating, and delaying processes through the corresponding speakers.

[18] The predetermined filter may include head related transfer filter (HRTF).

[19] The transmitting the sound signals through the HRTF may include transmitting at
least one of a left top channel signal representing a sound signal generated from a left
side of a second elevation and a right top channel signal representing a sound signal
generated from a right side of the second elevation through the HRTF.

[20] The method may further include generating the left top channel signal and the right



Best Mode for Carrying out the Invention [16] Exemplary embodiments provide a method and
apparatus for reproducing 3D sound, and in particular, a method and apparatus for localizing a virtual
sound sourc¥QH PP Iermined elevation. [17] According to an aspect of E& BXEHPIHKN)EAibodiment,
there is provided a3D sound reproducing method, the method including: transmitting a sound signal
through a predetermined filter generating 3D sound corresponding to a first elevation; replicating the
filtered sound sigRBITBRAS SRR LPY P Brsba s g siaehasiliig aridalesn dasdnblifying,
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[25] The outputting the sound signals may further include muting at least one of the first

sound signal and the second sound signal according to a location on the first elevation,
where the virtual sound source is to be localized.

[26] The transmitting the sound signal through the HRTF may include: obtaining in-
formation about the location where the virtual sound source is to be localized; and de-
termining the HRTF, through which the sound signal is transmitted, based on the

location information.



4 WO 2012/005507PCT/1CR2011/004937 [27] The gerforming at least one of the amplifying,
attenuating, and delaying processes may include determining at least one of the gain values and the
delay valueV 3P WiN%5&3pplied to each of the replicated sound signals bad¥dldrRaP 1848t Biie of a
location of the actual speaker, a location of a listener, and a location of the virtual sound source. [28]
The determining at least one of the gain value and the delay value may include determining at least
one of ther Ghin vallBeR e 814, athieinh Tespaelfe Bach SR IE T AP EBIR A6TETs as a
determined valuenayhenlinfodetatiomalizoutithe lotatibtho e listenenis thetlebtaidoe ] 281t Phé
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signal representihgtensousnsigmahgénerated from a left side of a second elevation and a right top
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the HRTF. 133JThe 3D sound reproducing apparatus further comprising: an up-mixing unit which
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least one of the amplifying, attenuating, and delaying processes through corresponding

speakers.
[31] The predetermined filter is head related transfer filter (HRTF).
[32] The filter unit may transmit at least one of a left top channel signal representing a

sound signal generated from a left side of a second elevation and a right top channel
signal representing a sound signal generated from a right side of the second elevation
through the HRTF.

[33] The 3D sound reproducing apparatus may further comprising: an up-mixing unit
which generates a left top channel signal and a right top channel signal, when the
sound signal does not include the left top channel signal and the right top channel
signal.

[34] The filter unit may transmit at least one of a front left channel signal representing a
sound signal generated from a front left side and a front right channel signal rep-
resenting a sound signal generated from a front right side through the HRTF, when the
sound signal does not include a left top channel signal representing the sound signal
generated from a left side of a second elevation and a right top channel signal rep-
resenting the sound signal generated from a right side of the second elevation.

[35] The HRTF is generated by dividing a first HRTF including information about a path



from the first elevation to ears of a user by a secondHRTF including information about a path from a
location of a speaker, through which the sound signal will be output, to the ears of the user. [36] The
output unit BBHIEYSE0Tirst mixing unit which generates a first sound sign®FYREIRG 4488 Und signal
that is obtained by amplifying the filtered left top channel signal according to a first gain value with a
sound signal that is obtained by amplifying the filtered right top channel signal according to a second
gain value; [37] dis8tdidt xRy WiIBARtie plte § RSk drigcsdddrsigriarBid ingiRasdend signal that
is obtained by anaptiftingdheffiteretblefidapthapaniesghalptontdihghe ihendecond gainbealue with a
sound signal that is Qhtaingd by.agppiifving,the filtered right top channel signal according to the first
gain vaIu§; nd [38] a Fergdetrin tunit which o¥1 Ltjts.the first so ngbsieqilaltthrogigr{as gaker ijibsposed
on a left 51d& and oitpOHiRY tHE' SOLHHE Sh Y S GHAMTRrOUGH A b BEkar GishOLEd OE Hah sidle. [39]
The output unit cowiprsesofd] et dhatixing @iedbichydipirgdbeaf thrgsRin@zigransy seixihg a
sound signal thahig elataineshlay-amplifyingeawanhlefusigiahteiesriingiesayncthignahgenerated
from a rear left Sﬁﬁe?g&qrq{[;]%tocﬁ th|r(IiSqa|n valuechlth the first sound Sé%‘al; and [41] a fourth mixing
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rear righ{%

dnal reprSSERtiAYE SbUhr Bigrratgenarsfeertom ragntight Sidngceerabstente third
gain value with thieasécomdiseding sigpiaty e hyhigraindthét tepdaange Usi ol tputs dive thindsound signal

through a left reageéBﬁ@%%fn%@%ﬁ%%ﬁﬂ&‘ Sionak rouah arghtreatsReake i figmrendering

unit comprises a controller which mutes at least ane of the first and’second sound signals according to

a location on the fiRst MBUSEAASTR RS tttha SHGSAI OGS &b be localized. Mode for the
Inventior J44#] This applikatignuoiaivis¢heenefihoffics S Gravisipréaltipplibatipe ot 6i{862J0144 filed on

July 7, 2010 in therinitednataigsunaiemtand Jiademan AffiessJiereptpBatantifrRRigation M
10-2010-0137232, filed on December 28, 2010, and Korean Patent Application No. 10-2011-0034415,
filed on April 13, S418&'1, in the Korean Intellectual Property Office, the disclosures of which are

incorpordf&d hereiflia e ERtiret)BY Hsfsrence. [45jHereinafter, exemplary embodiments will be
describeghin detailithdefexancenio abcaqbRanying dianiogsd Mothis Kesexiplians shed tegml unit
means e P A T RS AR
from a rear left side according to a third gain value with the first sound signal; and
[41] a fourth mixing unit which generates a fourth sound signal by mixing a sound signal
that is obtained by amplifying a rear right signal representing a sound signal generated
from a rear right side according to the third gain value with the second sound signal;
[42] wherein the rendering unit outputs the third sound signal through a left rear speaker
and the fourth sound signal through a right rear speaker.
[43] The rendering unit comprises a controller which mutes at least one of the first and
second sound signals according to a location on the first elevation, where the virtual

sound source is to be localized.
Mode for the Invention

[44] This application claims the benefit of U.S Provisional Application No. 61/362,014,
filed on July 7, 2010 in the United States Patent and Trademark Office, Korean Patent
Application No. 10-2010-0137232, filed on December 28, 2010, and Korean Patent
Application No. 10-2011-00344135, filed on April 13, 2011, in the Korean Intellectual
Property Office, the disclosures of which are incorporated herein in their entirety by
reference.

[45] Hereinafter, exemplary embodiments will be described in detail with reference to ac-
companying drawings. In this description, the "term" unit means a hardware
component and/or a software component that is executed by a hardware component

such as a Processor.



[46] FIG. 1 is a block diagram of a 3D sound reprodyging apparatus 100 according to an exemplary
embodiment. [47] The 3D sound reproducing apparatus 100 includes a filter unit 110, a replication unit
120, an amPNfe01B00SaAY an output unit 140. [48] The filter unit 110 transnisTAIFIRH8#IRAl through
a predetermined filter generating 3D sound corresponding to a predetermined elevation. The filter unit
110 may transmit a sound signal through a head related transfer filter (HRTF) corresponding to a

predeterfiifled elebdton T8I FEAHAN R P AN IBEUT ASBRRHIHT 4 LpAPPBSHRAD! a

sound source to botimplarg emadaBerithat is, a frequency transmission characteristic. The HRTF makes

a user regpgnize 3@5@@%@M@%8@&@%M&f§%ﬁ@%§ @ﬁﬁ%ﬂ%iﬁ@%@ﬁﬁ%@ﬁ%ﬁ&%ﬁiﬁs
1Pmr§ﬁ?’r as well as simple passage differences such
r

diffraction at skin g[)human gfad ?{ag re Iectlorg b¥ !

as an inter-auraI]r vefdifférencé & f%n&“a%“.ﬁ%‘er-%h me difference (ITD), are changed according
to soundl&bival diretibhsr SincélErikpiesmel tH RIFEek i i Gaekehircuidntannal spshtEetgeBDAEdaNd may
be gelnerated dU(@j]lﬁsﬁ%ﬂcﬂb@t\t@spbgdﬂfg&fjﬁ@%d&@ﬂrﬂiﬂ@&%}l@ﬁﬁ[ﬁhliﬁe@ﬁ@aﬁﬂﬁtﬁlm—ﬁlﬂtﬁﬁfi@hﬁt )
modeling a sound being generated from a position at an eleyati igher than that of actual speakers
that e arranged o0 ET S B AL Rl o
110. [50] HRTF=lamraiaR M) [Ba HERTRoclsderEoraRdse Al passhgemfottétbn from a
position of a virtualssooin dfsourcediedinecars@h adsef, amd HR IS ia HRIEkepriesemnisiippassage

information from g posHORAE ARFAISREAKE! RIDESASISLINGHBF" pHRGGARBHRGhEIYRG! Is output

from the actual speaker, in order for the user to recognize that the sound signal is output from a virtual

d
speaker, HRTF25COPRIED BAHING (0 & Brisstishitdr S AU HAGHOR HiviiR 4Ty HErigadatbesfionding to the
level surface (or Bevatidry gfithecassust Bpeakeple[paisAge opiienahddRIEcar s poedingideyel

predetermined elgyRign-¥a1ias)JeReMING OM SRGMBRISRR SUC S 2 IRYRERDRY JdOMYENRY dt IS

impossible to caIcuIaH—z the Hg.TF for eaé:h user.and t y the calcul%tgd HRTF to each user. Thus,
. S%P'P arrival directions, Since on(l%one €x1sts ll? cac II'C% 101,111 as)Pace f; c .
HRTF is calculated tor some US€Ers of a"USer group, Who have Similar properties (for example, physical

properties such aPageihthehfnzcor pishersindssavasharsitasresuency band and favorite
music), gadjthen, grepresemative)atiaionRIEMple:; @ Averige Yabie)dban pedrierraingthas the

HRTF applied t°ﬁ?ldéﬂfo'il?%t%%eél%é%%hd&%ﬂ%tﬁﬁ%&%?%?e‘%%{ﬁ eSa?Je%rﬁl%F?-aLQ%ﬁ%Hiﬂ@H 8%5;&@""’ s a

result of filtering sound signal by usifig the HRTF Equation 1 above.T54JY
dS

()*HRIF(2) [55IY 1(F}58- £ oantieedRréri dintocaamia ehERIdntssiom thef8&iitkigh& output that a 7
WO 20128005507 PIRIVECHRROEVIDRAD 3 7- user-hears-from the -actual speaker,(dnd Y2(f) is a value

converteghiffto a freguency PRRETOMNG EHPS SIgPal RERKIdh & AUSELRES! fem IRGY iRl
speaker. [56] The filter unif 110 may only filter ch rﬁ%jgele%nals qf a plurality of channel signals
included in the sOLHASIGHET, T47 PHer AR ainal iy MLl SOEH S ReE S5 to
plurality of chanrie{sn Hersitiafter, an 2chalrskkignalths definddifonsonvéniencewfdsgonbtion.

However, the 7-chapinehsignaé icanexaarle i rbdithesanddssigoattiay inctigar cbannelsignal
representing the sound ignal generated fiom diaqtions,other than he seven directions hat il now
be described. [Sé R'denter channel sig%a?l is & sound sign gene%a?edlﬁom a font center porﬁon, and

is output throughCavidistdy dpRAke 5o RGN HyMedrEtiiersieherislasbonPsigpargeherated from a
right side of a frotpepetion, and is output through a front right speaker.

[52] An optimal HRTF corresponding to a predetermined elevation varies depending on
each person, such as a fingerprint. However, it is impossible to calculate the HRTF for
each user and to apply the calculated HRTF to each user. Thus, HRTF is calculated for
some users of a user group, who have similar properties (for example, physical
properties such as age and height, or propensities such as favorite frequency band and
favorite music), and then, a representative value (for example, an average value) may
be determined as the HRTF applied to all of the users included in the corresponding
user group.

[53] Equation 2 below is a result of filtering the sound signal by using the HRTF defined
in Equation 1 above.

[54] Y>(£)=Y (f)*HRTF ----------- oo 2)

[55] Y, (f) is a value converted into a frequency band from the sound signal output that a



[60] A front left channel signal is a sound signal generated from a left side of the front portion, and is
output through a front left speaker. [61] A rear right channel signal is a sound signal generated from a
right side of¥8Q&88A, and is output through a rear right speaker. [62] A¢dRR1EHRAARRE| signal is
a sound signal generated from a left side of the rear portion, and is output through a rear left speaker.
[63] A right top channel signal is a sound signal generated from an upper right portion, and is output

through a right tdPy SPEAKEF IBUR RSB SREREFNENEi gl 1S & KHURG UYRAFGEHB A IS HRtbper
left portion, and is@utfhet shrodghzsaleftitpy Spe akere] 663\illoenttirey stumrdsigical includes the right top

channel signal andriferigl tonchanmel signaibesilier unit A Qifiligrsdhe siahliigr.ebamne! signal and
the left top channel signal. Téwe r'i:?}tl.t toB signal aer the left top signal that are filtered are then used to
HEGHAT 0GR

model a virtual O 6%‘1 ' ' eratéd from a desired elevation. [66JWhen the sound signal
does notlindiude thid¢ighitndpigisp ananthehelfeforogd sighdh therdipondimg 19 0 plverdtheffebannigbt

channel signal amgthia fren! deft chansiedisignal. deha it dem ahanrebsigealipishtheofientiefhehannel

signal are then used ta n’iodel t{1e yirtual sound source denerat from dcflasire eleyation.. [67JIn
-channel signal 1S an exal €, dil €S S1814a ay, 1nelu eahc annej Si na]l e
some exemplary embo g

diments, the sound signal that does not include the right top chafine s@)ﬁal and
the left top chanretigRaltrforasmisealzangrushcsr sireeirimiheighan theapvridtetd Yenerate the
right top channeltsigreallandwbe deficidge¢hannel signal. Then, the mixed right top channel signal and

the left topgghannehsighal may.0g ditared: 163450<; ieRlicaHoR HA AL aRlictes. e fitgregd,ghannel

signal into a plurality of signals. The replication unit120 replicates the filtered channel signal as many
times as 8 WO sW1IbBEBFbEFABRPEA/ 04937 the number of speakers through which the filtered
channel &ighals wik Beooutipht. Frenexangpld, isvihernthiestiitedertsourd Signad iIsgbutpdt abatienight top
channel signal, theefhtopehannglsignal therear fightgaknel signal, and the rear left channel
signal, tflﬁ(ggplicathgr% un{'t1 Ohmakis .four1 reglicasc? the 1filtered tc%a%nnel sfg{rgal.dTh tﬂurtnbetr of
replicas made by t err%rbllga lon- uni T§Barﬁ§y \S/(z)ilrli} depen eaecr)%et er%%arlnp a?;l/ eMbodiments;
however, it is degipata.thad thevdrrhdveyeplicasralelgepratered so that the filtered channel signal may
be outpufeatleast as:the rgat cighinensinel Bignabaodithrireaideffeatannel signalde of a rear

portion, and is output through a rear right speaker.

[62] A rear left channel signal is a sound signal generated from a left side of the rear
portion, and is output through a rear left speaker.

[63] A right top channel signal is a sound signal generated from an upper right portion,
and is output through a right top speaker.

[64] A left top channel signal is a sound signal generated from an upper left portion, and
is output through a left top speaker.

[65] When the sound signal includes the right top channel signal and the left top channel
signal, the filter unit 110 filters the right top channel signal and the left top channel
signal. The right top signal and the left top signal that are filtered are then used to
model a virtual sound source that is generated from a desired elevation.

[66] When the sound signal does not include the right top signal and the left top signal,
the filter unit 110 filters the front right channel signal and the front left channel signal.
The front right channel signal and the front left channel signal are then used to model
the virtual sound source generated from a desired elevation.

[67] In some exemplary embodiments, the sound signal that does not include the right top
channel signal and the left top channel signal (for example, 2.1 channel or 5.1 channel
signal) is up-mixed to generate the right top channel signal and the left top channel
signal. Then, the mixed right top channel signal and the left top channel signal may be
filtered.

[68] The replication unit 120 replicates the filtered channel signal into a plurality of

signals. The replication unit 120 replicates the filtered channel signal as many times as



[69]The speakers through which the right top channg] signal and the left top channel signal will be
reproduced are disposed on the level surface. As an example, the speakers may be attached right
above the i ZH@4R&EYthat reproduces the front right channel signal. 1-708FR&RAblifE49230
amplifies (or attenuates) the filtered sound signal according to a predetermined gain value. The gain
value may vary depending on the kind of the filtered sound signal. [71]For example, the right top

channel signal olREMRRSEGh therFgREtoprepaiksh ida iird  eubiditeg 4 &4 éileg%iﬁp%lﬁg and the
right top channelesigmaleowtpen thedulggrathedefidtelyisgeaketpstamipkfieghacgordimgedbsagsetohel gain
value. Here, the ft!ﬁttgﬁ'éhﬁﬁﬂéﬁ %leﬁl&f@ﬁtﬁ"gm%alﬁ‘ﬁeﬁ %;QP‘ ﬁﬁiﬂh\éaﬂé'ﬁ 1M RaditiRn sifg![?a left top

i

channel signal output t rou h the right to eake ied.acco to the s ain value
et 1ot o N S o o he ALt DL I L AR s iy T ERg
gain value so thaftftf@lih%ﬁrméﬁg@‘lﬂlg tarieaponditg lta)tﬁwevﬂah@eﬁgnﬁlgge@k@smpb@bm@ut.

72JIn the relatedb@ﬂlrﬁéhﬂsmom@sthpdth@&e@ﬂ@mmﬁﬂﬁw@&ﬁdﬂmn@@h&s@ﬁe%@i&@w@%med source
at a desired pos@ﬁ_)n 1TD meth di iR ugagfllocallz ? the wr}Ha s.our‘iolss.o%llf Q2 desired

annel s1 astas rear
position by outputting the same sound s gnal m ap urallty 0 spea rs With time erences The

1TD method is sEﬁ?éﬂFétf@?%‘é%llﬁgﬂjﬂthe virtual sound source at the same plane on which the actual
speakerd@re locaténe KeuleverththeghThivethod ghnopahapeicpiaieawathto ddoalizenthaatirtual sound

source to a positign,thati E%%iﬁgdﬂaﬁﬁélr@&’i@{%eﬁ'%}{a:HQ”e%l“é’ﬁrf’a%@%ss%@%ﬁ%#@#ﬁbexemp'ary

embodiments, the same sound signal is qutput from a Erura lity of speakers with different gain values.
In this manner, aS¥8Yth Wﬁﬁyal?FéﬁéﬁlPﬁ%ﬂgB}ﬁmm WS TRlel UL AP LBt ey B’é

localized to an eldvatiehstigatis higher than that of the actual speaker, or to a certain eIevatlon

regardlessgf the eﬁ%@iﬁﬂi@fe&“@@%&%lﬁi&@%ﬁﬁtt%ﬁﬁ'ﬁ?é@?tﬁé’?ﬁl%r@@ Kok OUIRHI OHRIAL e

amplified channel s%gr%als thr L‘J%%lln corre- %on%m eakers. Th tunltgfbelqi %ﬁé@% ude a mixer

(not shown) and re%ggﬁhnﬁ u 18noat s‘ﬁown)g g %8@/56%’5 e [75] The

mixer mixes one ldktafsrecthdmnigladignals. [76] The mixer mixes the left top channel signal that is

amplified aecordingdpdhediie! gaimiyauepwibiing gighmt@ptpharhm@ﬂlgﬂgnalrtgm @p@ﬁ@}fkidsaccording to

the second gain y §4 f}nga%@Sfé‘fi?ﬁg JUSERP agaﬁ?l CRANPANA gh g?éht nl;?@ g?ﬁ ppel signal that
n tisam

is amplified accor to the secofd gain vaiue an the rg tt nel signart plified
according to the fhréw& MGl @%%Fat@ AeRdbrd %@%r&m BoRepRd gain value. Here, the

first gain value may be greater than the second gain value. In addition, the left top
channel signal output through the right top speaker is amplified according to the
second gain value and the left top channel signal output through the left top speaker is
amplified according to the first gain value so that the channel signals corresponding to
the left and right speakers may be output.

[72] In the related art, an ITD method has been mainly used in order to generate a virtual
sound source at a desired position. The ITD method is a method of localizing the
virtual sound source to a desired position by outputting the same sound signal from a
plurality of speakers with time differences. The ITD method is suitable for localizing
the virtual sound source at the same plane on which the actual speakers are located.
However, the ITD method is not an appropriate way to localize the virtual sound
source to a position that is located higher than an elevation of the actual speaker.

[73] In exemplary embodiments, the same sound signal is output from a plurality of
speakers with different gain values. In this manner, according to an exemplary em-
bodiment, the virtual sound source may be easily localized to an elevation that is
higher than that of the actual speaker, or to a certain elevation regardless of the
elevation of the actual speaker.

[74] The output unit 140 outputs one or more amplified channel signals through corre-
sponding speakers. The output unit 140 may include a mixer (not shown) and a

rendering unit (not shown).



[77] In addition, the mixer mixes the rear left channelsignal that is amplified according to a third gain
value with the first sound component to generate a third sound component, and mixes the rear right
channel sigh4P 21408 plified according to the third gain value with the seB6AGE30H8EHibonent to
generate a fourth sound component. [78] The rendering unit renders the mixed or un-mixed sound
components and outputs them to corresponding speakers. [79] The rendering unit outputs the first
sound cdffonent TOFHBIREH 1B S ESKErMSHE “cﬂ?’iﬁfft‘ﬂﬁﬁ%cond sound component to the right top

speaker.[[ft¢here islihe lefktomspeakeldt e dbtels spedker, thanphteding-onitnpay tbatpust the first

S_OU”d Componegﬁﬁ U&%@Qﬂ%ﬂ%ﬂeﬁﬁgﬂﬁ% %HQnEK@Xi@HSIP%JhE %@%@Q@Q&H&Qcﬁﬁ%‘%ﬁ@@&é@d@e front
right speaker. [8

In addition, the rend rlng unit outputs the thci{d soung OP onent to %the re?r left
Speaker. and oL RGSEASEURA BB S YRR o KPS D CSRRPSHSHRAl the
replication unit 1861 tseapigitié radodiagdatieesagoud waimniwpdumaydvibey gdp erriphgros tietimber of
channel signals ingludeshistithel seusdisignatiandrthemimbes of sarakers sExwapleaef operations of

the 3D sound re%rorglucrilré%tapparatus according to the number of channel signals and speakers will be
described later with r%?e(ehce to FIGS. 4 through 6. NJFIG. 2A is a block diagram of a 3D sound
reprodudifgl apparbtdddigorororansingisevithdrablshocianrebsis it il éternhbadetevaiidnesy using

5-channel signals adebdding thuarweskeirpfaty @mbddimenhe fnougeimixer 240rdgemikes brohamnel

signals 201 to geperals dsechapnelfignalsdneiueing ahiafiiom shannel siamnal402:and;a riaht top
channel signal 203, [84]|The left top channel signal 202 is input intg a first HRTF 111, and the right top

channel signal 203! iRl iS5 Wb LEOTP 9N [PEPAS HSE LR SO RITRESSAformation about
a passadédtom a [Elfevietdalisgundtseudtes thame eal siofitheinséroand thepecoris HRIEAL? includes
information abouﬂ@rga@%%sfggﬁaﬁ ight yietdal sound source to the ears of the user. The first HRTF

111 and ? second HRTE 112 are filters.fo deling the virtual sou ources at redetermined
ciovation 1okt v pdHer e o A R e ot BB e o S e AR St o

channel signal p&s&iié throtsghntedired cronproepdiRiDs87PL e GR2 0 1084987 KRR 111 and

the second HRTEkptiReare iptigihntiopepbsediomenisdkaane thdy [Sifpizash pitheusplication units
121 and 122 ma repli f he | ianal the right t | signal
that are transmitiée%(i1 tErjwv(\égﬁgﬁé&?ﬁﬁﬁ@%ﬁ%‘gggﬁe%%%rﬁgﬂﬁ}cﬁge%fﬁ Ctgosp C aagh%hel? (§P§ rll?g&&% right
top channel sign&oRd #ahutetkss to first to third amplifiers 131, 132, and 133.

[80] In addition, the rendering unit outputs the third sound component to the rear left
speaker, and outputs the fourth sound component to the rear right speaker.

[81] Operations of the replication unit 120, the amplifier 130, and the output unit 140 may
vary depending on the number of channel signals included in the sound signal and the
number of speakers. Examples of operations of the 3D sound reproducing apparatus
according to the number of channel signals and speakers will be described later with
reference to FIGS. 4 through 6.

[82] FIG. 2A is a block diagram of a 3D sound reproducing apparatus 100 for localizing a
virtual sound source to a predetermined elevation by using 5-channel signals according
to an exemplary embodiment.

[83] An up-mixer 210 up-mixes 5-channel signals 201 to generate 7-channel signals
including a left top channel signal 202 and a right top channel signal 203.

[84] The left top channel signal 202 is input into a first HRTF 111, and the right top
channel signal 203 is input into a second HRTF 112.

[85] The first HRTF 111 includes information about a passage from a left virtual sound
source to the ears of the user, and the second HRTF 112 includes information about a
passage from a right virtual sound source to the ears of the user. The first HRTF 111
and the second HRTF 112 are filters for modeling the virtual sound sources at a prede-
termined elevation that is higher than that of actual speakers.

[86] The left top channel signal and the right top channel signal passing through the first



[88] The first amplifier 131 and the second amplifier {32 amplify the replicated left top signal and right
top signal according to the speaker outputting the signal and the kind of the channel signals. In
addition, theMAiPQ13MIér 133 amplifies at least one channel signal include® FR203140AM el signals
201. [89] In some exemplary embodiments, the 3D sound reproducing apparatus 100 may include a
first delay unit (not showni and a second delaﬁ unit (not shown) instead of the first and second

amplifiers 131 arldf132 | b AMYASSER ST the frtraiPUbEYRdRNHNT 81 | 24 ¢1552and the first
and secdid]delay Gnits oT tis isfheectiuseia tsdmb aesui2asthat of vaepingthé emim ofaluelefiaipibe

obtained yvhen d@jﬁ)ﬁ‘ﬁ@l‘é%i&@ﬁqﬁﬁtﬁ% filtered %e‘l?gi%ﬂlﬁ WN@F@Q%@%@QHH%@P%&@TE%O] The
output unit 140 mi stggfaéng |f|edﬁlfft %o&)lc tatnneg%l‘ﬂ&m?:?l,.thelrl tto%cha%el S|9nal, eind the
5-channel signal 4 utpu hEMiXe§ signat® a8 7 ¢hatndl s?‘%ngl% 59 a@%cﬁgﬂ%eﬁrgignals 205
are output to eachidoflitiecdpedietso (b arepldiker berhplappémbodiment, when 7-channel signals
are ingutgggm]e up-mixerrgdQumayiee FJ(;DiHﬁﬂtlheJBg@ﬂﬁ)&hﬁﬁlﬁi(ﬁéﬁQW%@%@QHB%‘%MH&&:@R?%;M el
reproducing apparatus_100. include a filter.determining unit (not sho and an amplification/delay
coefficient detomaan D Lot Shouns! fos HhEta %3%2%%%@P&%ﬂéﬁ&%&ggﬁﬁﬁé‘ﬁﬁsﬁfﬁé HRTF

according to a pé¥itisnciiid thenstredalssslifiensBsrEtrdmrnifialide amidiss 2t ete08sion angle and
a horizontal angledailing filgandetendudingtunfi-ohayiseleghals MRTF corresponding to the virtual sound

source biusing mapRiAg InferANORENNRRN e ecason.Alihe Widah sound saurrg pd the HRTF.

The location information of the Vvirtdal sound source may be received through other modules such as

applications (softVarso R AT HARRE S ALY BR YD aPerarf R LSEAYREH ESRAHREW P3aatet
application, a locédinwhede thendidual soundHourdd 38 |ocalize thrhade vty iddpdndingdsetmd, and the
filter determininguritimay change e HRTFAcReriIngdQ fenvaratian of theyisualgousshgource
location. [94] The aniplifiﬁ?t'or%/dela%c efficient 1etermi|l?in%§[nit a\xhdetﬁr[ninacg1 atlleast ope of an
amplification (or 5?%3nua3tlo%l)ocove dient and a 8%%%/%%% icient of the r%r[l) iGated séund 8|gngl based on
at least one of a fdéxae sl gtalial dyalsrendinpeatibh vr#évirtual sound source, and a location of
a listeneroifjthe ampifisaanidelayceoaiiicient determinng uwitdaeaseneigetogrizgrbeiocation]
information of the.listener j fficati I ici rmini ' select at
least one of a péé@%ﬁﬁﬂ\(}v’%@%g@%{%%%@g%%ﬁf R%%@%%ﬁg%%ﬁ%f%%%m %ﬁ@é‘%@r}fgﬁ%‘ﬂcient
and a delay coeffiferthfo5T R4 B8 A0 QYFaM BradDE8mtPealttducing apparatus 100 for
localizing @ yirtual Boaumdleo useentd aypeedeidirmeine o avatibanhyl yingla soumel sigralaocoxaing to
another exemplaﬂ@mgygg%%%e[gﬁ] In FIG. 2B, a first channel signal that is included in a sound
signal wi describedfor convenience of description, However, the present exemplary embodiment
oy bo A88Ted to BHHEP AN HEhATEarUaE 1 SOURG S 5% PRE S s eproducing
apparatus 100 maylirtludel afitsteHRTR 2111t snedplicatiortuhriR2nphfideginEdepificatdvdelagainit
231. [98] A first HRHimZbluisiseleciadvgsed on the location information of the virtual sound source,
and the fjgst,channg] signal is transmitted.through the first HRT The locatjon infarmation of the
Tl aaoh saora e e e R T G S o, oo
The replication uhite? theeplidsbotsl firsteh Ak Sedrfitdratéhpeing ety ivicieee diddore sound
signals. In FIG. 2Byikds@ssuped Thatither eplicationguniitdadyreplicedaiRe Fiksirehaongipignaas

many fimes as the b A1 aGekSARAE S, OGRS AmRlication/delayuai 3% desermines

amplification/delay coefficients of the re&zll ate channel signals respectively corresponding to the
tion

speakers, based OHY4t 184G Grad&Rion Tolnsation BftHauian el drexkar seurd Aanictation of a
listener, and locdtoredafeerhationgdf die vinkdllsosindh sewpgeicthenartyplification/teldyamit 88May

amplifies/attenuatestha f?&m@ﬁ%@f.sp&h@gmﬁ@gﬂaé%m% Anihsfeterminstamplificationdor
attenuation) coefflc:l%%ﬁts, or del?é/s éheégﬁ)llcated @rst channel signal tﬁ)f?he%ﬁn thet del% coeffltment. In
an exemplary emBBimeHTHe SrpficatBhIdelay BRIS 3 Mh Ay St AR BUST peHBinhE
amplification (or atteribatiened R detaydifatie veplisatéidirt bhaniedsignadsspasedasatibe
determingd pmplificadiam (Oitririieayating) crefficants @ndithe delanaoeifieienise at least one of an
amplification (or attenuation) coefficient and a delay coefficient of the replicated
sound signal based on at least one of a location of the actual speaker, a location of the
virtual sound source, and a location of a listener. If the amplification/delay coefficient
determining unit does not recognize the location information of the listener in advance,

the amplification/delay coefficient determining unit may select at least one of a prede-



[1011The amplification/delay unit 231 generally detgrmines the amplification/delay co- efficient of the
replicated first channel signal for each of the speakers; however, the amplification/delay unit 231 may
determine tNEOHBRIRERNON/delay coefficients of the speakers to be equal td€AARR3HEONAEN the
location information of the listener is not obtained, and thus, the first channel signals that are equal to
each other may be output respectively throgugh the speakers In particular, when the

amplification/del &5 TS 3B ESANOr SO iTRR: bR SATEMbT the listener, the
amplificaltidn/delayfibit 23 s mblodeténgrioe tiie M plificdtiop/délaingeefficienst fdlldachoohlizergpeakers

as a predetermingel valusu(Qr A RN 8 & @INSh kIO 2R G 0B 5 adiack diasuar of a3hsaund

reproducing apparat%s 100 forllocallzg g.a V|rtual sound source to a predetermined elevation by using
5-channel &gnal%na GG o andsthere II(]er%plary embodiment. A signal distribution unit 310 extracts
a front rightl 12 wén f@(ﬁzﬂﬁ)%@w@rﬁmﬁmimngsmw sighal3enanyil hodeleftbedannel

signal 303 from the &ﬁb&ﬂeﬁ&élﬂr@s@qﬁﬁms&vsm Bxtpasiast signalsato daeblitsiei Tt b2 and the

second HRTF 112%[1 Od’3 QE sQu duci 2ppajatus 100 of tITe present exemplary
embodiment is the Same as that élsngq% r{/ﬁ%hn}%ffl%}ence {0 FIG. 26 r%:aept that the sound components

applied t&’tHe filterilty dRteo1nd SREPFIANEPRIFHEAHAN GiidsindiderilsoIRAd thil atnplifiers 131,
132, and 133 are¢pidiooth fightZHananelasigngll 302 @ddtieyfrorit i8ft.channel signal 303. Therefore,

detailed gggcriptionsypf gt §?P ’IkdsE‘P&r@Q%%& GH%%&%&%%%%HB%%BQW‘RB@%M

embodiment will not be provided here. [104] FIG. 4 is a diagram showing an example of a 3D sound

reproducing appaPAHE 196 for fbfé&ﬁ?ﬂ?@‘% Wﬁ?éﬂ%bfﬁﬂ%}%ﬁ%&%l&hp%%@r% 2ldvafien by
outputting 7-chanoeitsignaisthatingv7tbpeakerssased ding ¢orapotivérdexdavplany amlodiment. [105]

FIG. 4 will be desgfihsshRased 8A opul §Qg{@qr§@ﬂ§4§0ﬁmd then, described based on sound signals
D e O g g 2 o o R e 3 i op e
signal, a'rear left ¢ anhel S|gna a center channel sighal, a rear r| teRanne arlg Ptop

channel signal, mfmﬁﬂungm@wéhrlé|F§i§naBarélﬁva@@DhgdemC?émm%larpph%ms 100.
[107] The front lefichanoahsignaidsamixeshuithiie cemtenchasnef signaldhakis-attenuated by a factor

B, and theg, "a”ﬁfg g a%ﬁ?é‘aﬁ&% ‘?&%&?@%ﬂh&}?ﬁh e iﬁ%tf%%a%h%ﬂ% o%@&é’ﬂf%?érﬁ?%%%gugh an

HRTF correspondin evatlont tis ert ant speaker, and Is

replicated into folfiP aﬁﬁefp@ igisrRnghoigp m@ﬂcwbhmféﬂ@%agtar@wﬁsﬁlﬁ@a Bys§44ttst A, and
then, mixed with khatriglatdd pchiannelf sigraiohnos dm e @xelnptaky ie nbadimaerits paftien rofxing the left top

channel signal thatis, amplifi ﬁﬁﬁ%ﬁ‘ﬁlf(@l‘fﬁ%&l‘%ﬁh@%ﬂ@ﬁtm&@%&%‘ §ig0ah e Rianal may
be replicated into twa gnal of the mi Si als I|f|e$ SI"y L“t actor q‘&tg n, mlxed with
the rear left chanif %]n Bﬁ?‘fﬁﬁﬁfgﬁ S§§ HRebRaTSr R idEd signals is
amplified by a fammmeéﬂmﬂiéwabamwmm%mﬁé mffmp%@kénl{w&@}érmmélﬁmg left top

chan gel sigr;als @M}i@i@g\wﬁ&laf@drighﬂl@@e%yaémhaigﬂﬁhm{ &%muf@%%m&&et%{&a@n@ 0; the
mixe signails Is ampii the or D, an en, Is.mixed witn t er t chan e Sighal an
output through th?e rgar?%fg% Do gg; nf‘ﬁ% 0 er of %HSIPH)xe He%ﬁlas i ealar{rlw%alqled Byathenyac orBE and is

spea
output through tH&ikt dpr8péakerenlicatefris rebned cleaahdrsrshan e wiactHERght top

channel signal thiatds@mptifieehbyibe) faatthidd andibelelidop chaffioadsignal that is amplified by a

factor D(ﬁ(ﬁﬁ]d is %@M&&[ﬁ%ﬁbﬂ?&[&%h@%%@?aﬂy determines the amplification/delay co-
efficient of the replicated first channel signal for each of the speakers; however, the
amplification/delay unit 23 1may determine the amplification/delay coefficients of the
speakers to be equal to each other when the location information of the listener is not
obtained, and thus, the first channel signals that are equal to each other may be output
respectively through the speakers. In particular, when the amplification/delay unit 231
does not obtain the location information of the listener, the amplification/delay unit
231 may determine the amplification/delay coefficient for each of the speakers as a
predetermined value (or an arbitrary value).

[102] FIG. 3 is a block diagram of a 3D sound reproducing apparatus 100 for localizing a

virtual sound source to a predetermined elevation by using 5-channel signals according

to another exemplary embodiment. A signal distribution unit 310 extracts a front right



[112]The center channel signal is replicated into thrge signals. One of the replicated center 13 WO
2012/005507PCT/1CR2011/004937 channel signals is attenuated by the factor B, and then, is mixed
with the frorV RAVHAMNEF signal and output through the front left speaker. AHOTHERIEUIRKEED center
channel signal is attenuated by the factor B, and after that, is mixed with the front right channel signal
and output through the front right speaker. The other of the replicated center channel signals is

, I
attenuated by a FRBRESighal Plnaid 4dEsat Ifiodghire el isardhapreeme! rdarHgttthannel
signal is mixed witintiierdaftetoptclvamhelsignal thatis ddiplifidd byitthehfastorid Eidlthé fight top

channel signgl thatrigaypplified %EG@J&%@E (Rar@0ddben ais PHIRY @%ﬁﬁﬁp@rﬁ%ﬁﬂﬁiﬂéﬁﬁpeaker-
H141The right to sis%nal Ea%s%%t m}??ﬁ? an | TF cor{ea%nfn tota etleii/atlonctlhat is 30 ?igher
than that of the n%‘ﬁt OP <Paker HRt thel s Fepieated intd fodf Sighal8" (1131 WS PRSP thannel
signals are mixedrpithdie thetftiprasanniesl SldrraidkHaishenptiiesdioy thestaétonal. BRewflthe mixed
signals is amplifigghpiyrthe fiaatord, andisynixadaribnthesreaniaitcRanneksyaal andrautoutithrough
the rear left speaker, The; othes of the mixed sianals is.amplified Gyl factanf and iz guput through
the left top speaker.n[li 615 wo re£FI:|cate right top channe S|gna?s are ampﬁ]fljed‘(%)yt e fattor A, and

are mixed with tHPRfBD hrinBedETISI. BrBRItHE R EsRinaE ROBRsANEEY BsEfactor D, and is
mixed V\{i[m(ldn]e_ reaFﬁgr_rt shadingl sigabaing au_tmmﬂpﬂeungia mg@md@bt@makgaprtummmf the
mixed signals is ARITiEHRY NGRS AISIS R L DERuAN 10 SIohkiGR SPBaKRHcL TIThe front
right channel signal is mixed with the center channel signal that is at- tenuated by the factor B. and is

output through the $PEREFIGHEERRAREIE" 1 PEARKESE AR SRgiRA8THSt SFERRRTY STt RTBUgh the
speakerd Hifdr the ldbovewdéberilbed iprddessdarnaas followsigfid 9] dindnbéeftdshanbel bigadlon center

channel signal (B),im@uipriitiseyah dhedtanipélkers.

[106] Sound signals including a front left channel signal, a left top channel signal, a rear

left channel signal, a center channel signal, a rear right channel signal, a right top
channel signal, and a front right channel signal are input in the 3D sound reproducing
apparatus 100.

[107] The front left channel signal is mixed with the center channel signal that is attenuated
by a factor B, and then, is transferred to a front left speaker.

[108] The left top channel signal passes through an HRTF corresponding to an elevation
that is 30( higher than that of the left top speaker, and is replicated into four channel
signals.

[109] Two left top channel signals are amplified by a factor A, and then, mixed with the
right top channel signal. In some exemplary embodiments, after mixing the left top
channel signal that is amplified by the factor A with the right top channel signal, the
mixed signal may be replicated into two signals. One of the mixed signals is amplified
by a factor D, and then, mixed with the rear left channel signal and output through the
rear left speaker. The other of the mixed signals is amplified by a factor E, and then,
output through the left top speaker.

[110] Two remaining left top channel signals are mixed with the right top channel signal
that is amplified by the factor A. One of the mixed signals is amplified by the factor D,
and then, is mixed with the rear right channel signal and output through the rear right
speaker. The other of the mixed signals is amplified by the factor E, and is output
through the right top speaker.

[111] The rear left channel signal is mixed with the right top channel signal that is
amplified by the factor D and the left top channel signal that is amplified by a factor
D(A, and is output through the rear left speaker.

[112] The center channel signal is replicated into three signals. One of the replicated center



speaker: 1J20](rear left channel signal + D((left top gRannel signal(A + right top channel signal)) is
output through the rear left speaker; 1J21](E((left top channel signal(A + right top channel signal)) is
output throltyl® HEAEA5E8P speaker; 1J22](C(center channel signal) is outpuP €k tHE ¢ Tter
speaker; 1)23](E((right top channel signal(A + left top channel signal)) is output through the right top
speaker; 1)24](rear right channel signal + Dgrg]ht top channel signal(A_ + left top channel signal)) is

output through tHEFBEF G BHER S D 81er8RPr gheRHdRrie i vethibr Sombdf signal(s) is
output through thehdrowd sight spebkepul hiv@I20EA006 507 RERAUCR2GDE/GOSTe[lla6]tén FIG. 4, the

gain values to amHHﬁYlélrsi’éFFaﬁ‘ E@&ﬁéﬁ‘@aﬁé&ﬁ&}nﬁlﬁgﬁéﬁrzﬁlﬂ‘eﬁ%@hﬂ%?@ﬂlﬁéd%ﬂhVﬁ%%gﬁ@lva|UeS
that may make th?1 Iefti] : A

eaker and the right speaker output corresponding channel signals may be
usedt I aditon: TS AR LA SR IS R G G T o UM e EEANeh S that
do not correspondidetdapwakisadh io aghnttdde i an dagght(spadkaes nfagurut Sea U ghARe FEGies is a

diagram showing;géniexample of a 3D sound reproducing apparatus 100 for localizing a virtual sound

source t edetermined el ion by outputting 5-ch | signals through..7 s ers according to
another mhelany oA e R S o e

same as that shoWPiHipddY 4hexes st thasbiirdieBhipd rbitashpab g A AsaRTH iskby thsnarar
channel signal amu &, fioatiight chapoellsignsl. thd eraforghtspamicesignals output through the speakers

are as foflows: [1291,(ronI&fp ShanRelsianal sesnip T AbrpnelagnaLiR) is aninuklmuet e front lef

speaker;
P 30( higher than that of the right top speaker, and then, is replicated into four signals.

[115] Two right top channel signals are mixed with the left top channel signal that is
amplified by the factor A. One of the mixed signals is amplified by the factor D, and is
mixed with the rear left channel signal and output through the rear left speaker. The
other of the mixed signals is amplified by the factor E, and is output through the left
top speaker.

[116] Two replicated right top channel signals are amplified by the factor A, and are mixed
with the left top channel signals. One of the mixed signals is amplified by the factor D,
and is mixed with the rear right channel signal and output through the rear right
speaker. The other of the mixed signals is amplified by the factor E, and is output
through the right top speaker.

[117] The front right channel signal is mixed with the center channel signal thatis at-
tenuated by the factor B, and is output through the front right speaker.

[118] Next, sound signals that are finally output through the speakers after the above-
described processes are as follows:

[119] (front left channel signal + center channel signal (B) is output through the front left
speaker;

[120] (rear left channel signal + D((left top channel signal(A + right top channel signal)) is
output through the rear left speaker;

[121] (E((left top channel signal(A + right top channel signal)) is output through the left
top speaker;

[122] (C(center channel signal) is output through the center speaker;

[123] (E((right top channel signal(A + left top channel signal)) is output through the right
top speaker;

[124] (rear right channel signal + D((right top channel signal(A + left top channel signal))
is output through the rear right speaker; and

[125] (front right channel signal + center channel signal(B) is output through the front right

speaker.



[130] (rear left channel signal + D((front left channelgigna(A + front right channel signal)) is output
through the rear left speaker; [131] (E((front left channel signal(A + front right channel signal)) is output
through the Ye@t 3824p&&Ker; [132] (C(center channel signal) is output throu§k THERGEREP K5 aker;
[133] (E((front right channel signallA + front left channel signal)) is output through the right top
speaker; 1J341(rear right channe| signal + Dgfront right channel signal(A + front left channel signal)) is
output thkbtljh thel ight¥paRer2lNRy 19 FaRAlioRt HG e Sheiyrsieras e dRShe! signal(B)
is output throughettveniptast sight speakeri ¥86&+1Gy 6riy andiagizieshogwigramésanipkt opeaBS sound
reproducing appaiape é&%%ﬁ@@%@%ﬁeﬂfg@@%ﬁid@%@éﬁ iR aupresieter %Hﬁ%ﬁéﬁﬁﬁﬂgﬂ ay-

nals throu

outputting 7-channel si 5.speakers, according to another exemplary embodjment.
37 1The 3 sol R TSRt IS5 LR O 1 I AR A AP T TN Hsxcep
for that the outputPsiisatsifaitréhs i e86 digh ipgniieth ivay hahedéft top speaker (the speaker for the

left top chermel signal. 413).ansethemighiiap speakep(the speakenfontparighhiopehannel gignal 415)
in Fig. 4, are out@utlthro‘ﬁzqh the frl%n Is%ftns eaker {the slgggtléer for th frq{gr{egt channel signal 611) and
the

the front right speglli(eorC ? r‘lsgpaegl][{er ort ecpfsrglrllrtcﬁg?lta&anne]irgllaﬁéle e1V§) res egﬁ\})&;ﬁgnerefore,
sound signals outptitHiduiantie s Brakes AN E Jodnpisitastiut e fan Brsianeteenter
channel §ig8al (B) ThE (renutefrehadneisigpaliAtasfsbotvright3ignal) tiseoutpehthtaughotie fiiont left

speaker; 1J391(rggt 'ﬁféﬁlé%@ feksiongl a‘ﬁ%&éﬁﬁﬁﬂ%@%ﬂ@ﬁ?%@ frauhright shapeet; o

2012/005507PCT/1CR2011/004937 signal) utput through the rear left speaker;
and a front right channel'signal. Therefore, sound signals output through the speakers

are as follows:

[129] (front left channel signal + center channel signal (B) is output through the front left
speaker;

[130] (rear left channel signal + D((front left channel signal(A + front right channel
signal)) is output through the rear left speaker;

[131] (E((front left channel signal(A + front right channel signal)) is output through the left
top speaker;

[132] (C(center channel signal) is output through the center speaker;

[133] (E((front right channel signal(A + front left channel signal)) is output through the
right top speaker;

[134] (rear right channel signal + D((front right channel signal(A + front left channel
signal)) is output through the rear right speaker; and

[135] (front right channel signal + center channel signal(B) is output through the front right
speaker.

[136] FIG. 6 is a diagram showing an example of a 3D sound reproducing apparatus 100
for localizing a virtual sound source to a predetermined elevation by outputting
7-channel signals through 5 speakers, according to another exemplary embodiment.

[137] The 3D sound reproducing apparatus 100 of FIG. 6 is the same as that shown in FIG.
4 except for that the output signals that are supposed to output through the left top
speaker (the speaker for the left top channel signal 413) and the right top speaker (the
speaker for the right top channel signal 415) in Fig. 4, are output through the front left
speaker (the speaker for the front left channel signal 611) and the front right speaker
(the speaker for the front right channel signal 615) respectively. Therefore, sound
signals output through the speakers are as follows:

[138] (front left channel signal+(center channel signal (B) + E((front left channel signal(A
+ front right signal)) is output through the front left speaker;

[139] (rear left channel signal + D((front left channel signal(A + front right channel



11401(C(center channel signal) is output through thgscenter speaker; [1411(El(front fight channel
signal(A + front left channel signal)) is output through the right top speaker; [1421(rear right channel
signal + D((MWsh2H3®PEHannel signal(A + front left channel signal)) is outputRAFIGBFIRE (AT right
speaker; and 11431 (front right channel signal + (center channel signal(B) + E((front right channel
signal(A + front left channel signal)) is output through the front right speaker. [1441FIG. 7 is a diagram
of a speaker systefaB! IDCHHSLVHLDSEARELSRFESSS a pre- determined elevation according to
an exemplaf) emb@diraetat. chhdbd Finenspeakepsysheougf FlkG:entmcipeldsa center speaker 710, a front
left speakes 21, Wﬁ&%ﬂgﬂkﬁp%ﬁ{eﬁ%n@l(gﬂ f?(@hﬁ[&%ﬁ‘«lnﬁ%ﬂs@ﬁﬁﬁf} f@éﬁtﬂgmﬁ%ﬂﬁ{enz-
11461As describigg?bove with reference to FIGS. 4 through 6, for localizing a virtual sound source to
a predeterminedr vé?%?ﬁ?ef &tt top channel signal and a right top channel signal that have passed
through &lfilRer are(sampligbtichprne nigeldHiy(Gamvanhe shhea regitiefentauddedingaotie speakers,
and then, are inpyLHAlY) e iiipat IRfbspeakercdPlighiefearéight speaker 722, the rear left speaker
731, and ear fight speaker 732, [1471Although nat shown | oA left top speaker (not shown)
and a fiht B spedr o et b2 et AL MR Bl oo o S5, e o
right speaker 7231pkis tAt dE 8R! cHERMRISRIHArahdarE ibhiHoY Eghhta%Rinal passing
through thed4ilter ard@upkfiedidy dheogaispeakee syittainatie thitfalienicaceordingamtheospeadkerspand input
into the left top SB@@%{ME%QQM},&&S&H&I@QHS ra@%mﬂﬂgn{he rear left speaker 731, and

the rear right speaker 732. 11481A user recognizes that the virtual sound source is localized to a

predetertlimdd elevaficRSAFE YA RALEHEHaMBI Sy ASEARE e kYht H0pPdhaMrel 'SiBriethat are
filtered are output throughhonpeakandre.speakéel ipehlecsgdakerdsystantiHéerpcukieer 1Re filtered left top

channel sigaal or the fightioR BN RligIgeRlimFULLAINONGIRHIATE, SHeRKENS: R |ecatien of the

virtual sound sourgltleni Sad(r-:-&-?ng- {gﬁ\é tg}%euct(i%ne I %{.bg %qje%ﬁgd.c %rf’gjf\é\llhr?a thatgil[ltuh | t%ound source
is to be located at & Center po?tioﬁ IN a prede efmined slévation, all'of tfhé'fontte sp%a er721, the

front right speakeh?pe! tignad dhaehaspaukesdrdIoughdehdiceie ight iehrer 3R deddut gadfiltered left
top and right top ellasnelsigealgiaeenlydheaigaiol @it speaker, 23l anal the iapitight speaker1¢82 may

speaker 721, the front right speaker 722, the rear left speaker 731, and the rear right
speaker 732.

[147] Although not shown in FIG. 7, a left top speaker (not shown) and a right top speaker
(not shown) may be disposed above the front left speaker 721 and the front right
speaker 722. In this case, the left top channel signal and the right top channel signal
passing through the filter are amplified by the gain values that are different according
to the speakers and input into the left top speaker (not shown), the right top speaker
(not shown), the rear left speaker 731, and the rear right speaker 732.

[148] A user recognizes that the virtual sound source is localized to a predetermined
elevation when the left top channel signal and the right top channel signal that are
filtered are output through one or more speakers in the speaker system. Here, when the
filtered left top channel signal or the right top channel signal is muted in one or more
speakers, a location of the virtual sound source in a left-and-right direction may be
adjusted.

[149] When the virtual sound source is to be located at a center portion in a predetermined
elevation, all of the front left speaker 721, the front right speaker 722, the rear left
speaker 731, and the rear right speaker 732 output the filtered left top and right top
channel signals, or only the rear left speaker 731 and the rear right speaker 732 may
output the filtered left top and right top channel signals. In some exemplary em-
bodiments, at least one of the filtered left top and right top channel signals may be
output through the center speaker 710. However, the center speaker 710 does not

contribute to the adjustment of the location of the virtual sound source in the left-



output the filtered left top and right top channel signals. In some exemplary embodiments, at least one
of the filtered left top and right top channel signals may be output through the center speaker 710.
However, th¥@Eptéi0edaker 710 does not contribute to the adjustment of tRETAEBHUA/ YHHE virtual
sound source in the left- 16 WO 2012/005507PCT/1CR2011/004937 and-right direction. [150] When it
is desired that the virtual sound source be located at a right side in a predetermined elevation, the front
right speaker 722thE4BEifsR Geaker 731, and the rear right speaker 732 may output the filtered left
top and righdtop cRamneltsigimaised1tbd] Whernitisdesiredithabthiecsrtdalt sougid soleroeabprioleated at a

|§‘ft side in a pre@@fﬁﬁ%ﬁ%‘l”e%%%t,i% thenf E@Qﬁ'@ﬁ%&l@&a?@, ?l?elrefthéﬁ%é%ﬁe?p@%ﬁﬁg &b nd th.e. rear
right speaker 732.r’r}11z%1)4 ouﬂ)u e fllterectl Ietftt to fndél% tttoé) clgifan etltsr'g Is. EIS%‘ ven when it is
desired that the viftlal §6Ufd 's6utte be Pdlca{lél’ IAFtRS FigHPBATSH SAL W ¢ albl?‘ détdfmined elevation,
the filterddiéft top BGHEHt thspitdsbihabihsigman bt ﬁﬁt@@@h%h@%@rﬂéﬁ@ﬁé&ﬂ@@%ﬂpmﬁiﬁ-the rear
right speaker 73Zemaydinéibeamiiete[A08] lersguaexemplasremnbodipants, 1he lecatiendf the virtual

sound source in thehf[eftgrlgérr% directiqﬁum%x Bﬁea}g#;%%g%%% S‘ﬂ%ﬂ% tfg% é%l%i& é/%#ﬁsfor amplifying

or attenuatin thél‘lgetst%paand rigﬁ?%ﬁ% annel signals, without muting the filtere t and right top

channel slgrals oUgyeR iNkRstighioAS BEHIBA EpeakBs sprsdppyesedrslachisnan e Migbiratildta 3D
sound reproducingiamethedaatosdingdo davaxempharsilerddddineptajd SHhineperatos S8iflsa sound

signal is transmittee thraugh, ARnE RIF 18R%S§£&P%‘Baﬁ?df%ﬂ%r?&‘?ﬁ‘?§mi%&E&?V@E%a&%%@ operation

S820, the filtered sound signal is replicated to generate one or more replica sound Signals. 1J571In
operation S830, BYfof the one or more replica sound signals is amplified according to a gain value
correspohidinl to dspeakerietmaghewibich e sothed sigihal wiltizevoutplto1dd 8duncope thtioks840,
the one or more graplifigdasRund signalsatg RUP WY resRecHy el thirugheatespending.speakers.
1J591In the related art, a Ps %aker 5 inﬁ%e%lled at a qesireq eIe.\/ﬁtion in ord% t?.ﬁutgﬁ 2 soHnd

. . tem%agngttﬁ leﬁt og an rﬁ% op channe s%%nas wit 01t1t {1, e lilte eit an -
signal being generate e elevation; however, ITis noteasy to install the top Speaker on the ceiling.
Thus, the top spétéries gereielly $lalcet abblaenahfs apaakesPoriih- may cause a desired
elevatiory tg41ot berEpredIgEbwchart illustrating a 3D sound reproducing method according to an

exemplary embodiment.

[155] In operation S810, a sound signal is transmitted through an HRTF corresponding to a
predetermined elevation.

[156] In operation S820, the filtered sound signal is replicated to generate one or more
replica sound signals.

[157] In operation S830, each of the one or more replica sound signals is amplified
according to a gain value corresponding to a speaker, through which the sound signal
will be output.

[158] In operation S840, the one or more amplified sound signals are output respectively
through corresponding speakers.

[159] In the related art, a top speaker is installed at a desired elevation in order to output a
sound signal being generated at the elevation; however, it is not easy to install the top
speaker on the ceiling. Thus, the top speaker is generally placed above the front
speaker, which may cause a desired elevation to not be reproduced.

[160] When the virtual sound source is localized to a desired location by using an HRTF,
the localization of the virtual sound source may be performed effectively in the left-
and-right direction on a horizontal plane. However, the localization using the HTRF is
not suitable for localizing the virtual sound source to an elevation that is higher or
lower than that of the actual speakers.

[161] In contrast, according to the exemplary embodiments, one or more channel signals
passing through the HRTF are amplified by gain values that are different from each

other according to the speakers, and are output through the speakers. In this manner,



1J601When the virtual sound source is localized to adesired location by using an HRTF, the
localization of the virtual sound source may be performed effectively in the leftand-right direction on a
horizontal pMREIHARNEEY, the localization using the HTRF is not suitable fSCBERRARYMHENirtual
sound source to an elevation that is higher or lower than that of the actual speakers. [161[In contrast,
according to the exemplary embodiments, one Qr more channel signals passing through the HRTF are
amplified by gainValiE8dhstuarbsauferantBRrHSEHGIHPLLESIHIRG RIH R LPEAREFC AR output
through the speakeng. the thpsafrram despoded WOIRGE21005507RET/1CR2011/004937 the virtual sound

source may e effaciivelypsalizes toanipdetapined elevatiom pyisingdhssasakearsilisppsed on
the horizonta plaqe. L162Cil. he exe _‘tEJIar / e{nlbodimetnts gan be Wtritt n as comgut rgro%ratms nd can
be im- plemented %rrbélﬁeeré‘?ﬁ%%e&ﬁ‘g; 3T SOPBUISPRISE XA TS THE ﬁ%g{%ﬁ%ﬂ&vﬁ? Ar8"storédin a
computer readableFeentplitey redibln Ifee3EXaePHIEs.of the computer readable recording medium
incl(;lde( nagRetic %&aaﬂﬁdm@ﬂtﬁe()ecgnpat@l\ﬂelaf&B[alre&‘a@idgafgaiﬁlﬁsmetﬁg)e m@mﬂc@?bﬁ@g@;]rding .
media (e.g., CD-ROMSs, or .41641While ex ary odiments been particularly shown an
dosciiber, il Do e L o o R e o anc
details may be n%@e&ﬁ’éﬂéir?’&\mmét)departing from the spirit and scope of the inventive concept as

defined Qhydahe followinilg elamslary @ Glaidis ¢okabeeil haAtibuestdishewaianaldEDjtsal dardpbeducing
method comprisifgrsood by those of ordinary skill in the art that various changes in form and details
may be made therein without departing from the spirit and scope of the inventive

concept as defined by the following claims.



transmitting a sound signal through a predetermined filter generating 3D sound corresponding to a first
elevation to generate a filtered sound signal; replicating the filtered sound signal to generate a plurality
of replicated sound signals; performing at least one of amplifying, attenuating, and delaying
processes on each of the replicated sound signals fgased on at least one of a gain value and a delay
value corresponding to each of a plurality of speakers, through which the replicated sound signals are
to be outpyhimed outputting the replicated sound signals on which at least one of the amplifying,
attenuating, and delaying processes is performed through the corresponding speakers. [Claim 21

The 3D soumdifgarpducing method of claim 1, wherein the predetermined filter includes head related

transfer filter (HRY frkelCl@Rional (308 SRRPHMERIAIYCIILIERGH Ohelaim 2, wherein the
transmitting the spRRiGRA tailkaidhg HRLECopRiiseaiRasMIing AL RaS 9naGiRileft top
channel gighaljeRIpsaBtNE S §%q(§;gaaéeg@%qlt$ﬁlté[@gg§d§(ﬁt§gjﬁpf a second elevation and a right
top channel signaljiepiigse lingiesauddRIgnalgergraiadiremadiahiosidepidha seeand elevation
through thetdR.TF. [Claim 41 The 3D sound reproducing method of claim 3, further comprising
generating the leftippmhannabsiooat anddsfiah teReahamne 58 aRl By, bdngstba saunsksignal,
when thesonpisiguplsRas nakiveida mmg?g@wamghﬁmm@maaammchannel signal.
[Claim 5korrespbRd3hY: $6'¢RchrePIGNGIRG Breihamk&ak CiRiBugh Whrietidheplianemiting thenspund signal
through the BEbepmpsises transmitting at least one of a front left channel signal representing a
sound signal gengiigtedifsaRt RiratdefsidRl angadwmnviah hantehsignaldarisssntiag a sound
signal gepesmiadftom @ depninig prsisadhiopertshadd thiburhenthe sephsisignateireas. not include a

left top chapiglsignal representing a sound signal generated from a left side of a second elevation

and a right top chapng) signal KGRBREMNGARRMACRIANA JaneeaierTRRALIM &I ef the second

elevation; [Glain @14 reidib8 i seHRAdLRIRASING method of claim 2, wherein the HRIF is generated
by dividingé%gﬁ%t HR If including information about a path from the first elevation to ears of a user by a
I

second H m%ﬂ@%'%iarm%boaj&a? M&Haf&?gawg paghaRREa AN uliah the sound
signal will,oe OWtouL. q10¢;RE" (f RS s R e 106 5%8%%3&&%8 WG MagHgd of claim 3,
wherein rQQHHﬁ% solfnd ‘B}Qﬂ 1 generated from a left side of a second elevation and a right top
channel signal representing a sound signal generated from a right side of the second elevation
through the HRTF.
[Claim 4]

The 3D sound reproducing method of claim 3, further comprising generating the left
top channel signal and the right top channel signal by up-mixing the sound signal, when the
sound signal does not include the left top channel signal and the right top channel signal.

[Claim 5]

The 3D sound reproducing method of claim 2, wherein the transmitting the sound
signal through the HRTF comprises transmitting at least one of a front left channel signal
representing a sound signal generated from a front left side and a front right channel signal
representing a sound signal generated from a front right side through the HRTF, when the
sound signal does not include a left top channel signal representing a sound signal generated
from a left side of a second elevation and a right top channel signal representing a sound
signal generated from a right side of the second elevation.

[Claim 6]

The 3D sound reproducing method of claim 2, wherein the HRTF is generated by
dividing a first HRTF including information about a path from the first elevation to ears of a
user by a second HRTF including information about a path from a location of a speaker,
through which the sound signal will be output, to the ears of the user.

[Claim 7]

The 3D sound reproducing method of claim 3, wherein the outputting the sound
signal comprises:

generating a first sound signal by mixing the sound signal that is obtained by
amplifying the filtered left top channel signal according to a first gain value with the sound
signal that is obtained by amplifying the filtered right top channel signal according to a
second gain value;

generating a second sound signal by mixing the sound signal that is obtained by
amplifying the left top channel signal according to the second gain value with the sound



signal comprises: generating a first sound signal by mixing the sound signal that is obtained by
amplifying the filtered left top channel signal according to a first gain value with the sound signal that is
obtained by amplifying the filtered right top channel signal according to a second gain value;
generating a second sound signal by mixing the soynd signal that is obtained by amplifying the left top
channel signal according to the second gain value with the sound 19 signal that is obtained by
amplifying 4g1 ﬁﬁﬁ%%ﬂ&'iﬁé@%}‘;ﬁﬁ%ﬁ?}ﬁgﬂ% pgepsd H%&éb%ﬁﬁﬁﬁ&%@ﬂﬁ'ﬂ@é&ﬂﬂlg to Hétpsting the
first sounghgignaldhsaugh a speaker disposed on a left side and outputting the second sound signal

through a speakgHsRRSAHON & HoMSendCGladhla spediig dRpecstndn gnsadygingethod of claim
7, wherei,tpgieriRUEIRQ Jhe wﬂdsﬁ%gm SOMRI§RAker dIFHRAERY A dhird ®ound signal by mixing a
sound signgl thatdg obtained by amplifying a rear left signal representing a sound signal generated
from a rear left siig: 3¢5t Adntid Snieaalus vilhihe iRk sUAd ighating uRSARERIMO a fourth
sound S!Q[E}Jali’é’ ga.sound 5|gngl t at. IS obtalne_d by ampln‘ylng a rear rlgh% §|gnal representing a
sound signal gengerated {romia(eurdt sideryceaeding Wiihg durdigain xalugwih ghe second sound
signal; andp1irRHERHIENG (e i Iﬁ'ﬁ%‘%‘ {BrodRAdr iR SR eRR L 204 {oR [pyrth sound signal
through %5&?&1@{0%?%&[ laimeRtith the gép&wg&&groducmg method of claim 8, wherein the
outputting of the solung; IONA i %%h&%@ﬂéﬁ@?rﬂl&dﬂ{%gaastolﬂﬁﬁéi‘gﬁgl aldhR rehiseumd signal and the
second sgyj I}giﬂg%‘ RSNG4 1GRUORAR e IELEIaURIO WP Eom v bA! send source is to
be localizgd,, -[gb;r{b 10 third TAG IR SOWAY EPLRANGING MEt ﬁlaql,fé.}{alm 2, wherein the transmitting the
sound signal throyely theoHfk hiRPTBRAS SR AP Akt INiRFMaliog, ahihaderationwheiad virtual
sound soyrea1ishie RS Pt ethAdaker.
[Claim 9]
The 3D sound reproducing method of claim 8, wherein the outputting of the sound
signals further comprises muting at least one of the first sound signal and the second sound
signal according to a location on the first elevation, where a virtual sound source is to be
localized.
[Claim 10]
The 3D sound reproducing method of claim 2, wherein the transmitting the sound
signal through the HRTF comprises:
obtaining information about a location where a virtual sound source is to be
localized; and
determining the HRTF, through which the sound signal is transmitted, based on the
location information.
[Claim 11]
The 3D sound reproducing method of claim 1, wherein the performing of at least one
of the amplifying, attenuating, and delaying processes comprises determining at least one of
gain values and delay values that will be applied to each of the replicated sound signals based
on at least one of a location of the actual speaker, a location of a listener, and a location of a
virtual sound source.
[Claim 12]
The 3D sound reproducing method of claim 11, wherein the determining at least one
of the gain value and the delay value comprises determining at least one of the gain value and
the delay value with respect to each of the replicated sound signals as a determined value,
when information about the location of the listener is not obtained.
[Claim 13]
The 3D sound reproducing method of claim 11, wherein the determining at least one
of the gain value and the delay value comprises determining at least one of the gain value and
the delay value with respect to each of the replicated sound signals as an equal value, when
information about the location of the listener is not obtained.
[Claim 14]
A three-dimensional (3D) sound reproducing apparatus comprising:
a filter unit which transmits a sound signal through a predetermined filter generating
3D sound corresponding to a first elevation to generate a filtered sound signal;
a replication unit which generates a plurality of replicated sound signals by
replicating the filtered sound signal;



determining the HR If, through which the sound signal is transmitted, based on the location
information. [Claim 111 The 3D sound reproducing method of claim 1, wherein the performing of at
least one of the amplifying, attenuating, and delaying processes comprises determining at least one of
gain values and delay values that will be applied t@gach of the replicated sound signals based on at
least one of a location of the actual speaker, a location of a listener, and a location of a virtual sound

source. [Claim 124 ampilfi@dbhRRuRMEPWRCER PSSR ad 104 ¢IBie JlamfIgteis thedaterpining at
least one,gfi e g0 yalues g Q@ﬂﬁ)ét\f@@z?cﬁm@%% lﬂﬁ%@&%ﬁlﬂs@éﬂﬁﬁ%&@&&f theagain value
and the dgjpy gﬂd@q KeSREEhiR: l(ﬂfgtt@e@@glkgag @m@%g@;&@j&ﬁs #h@determined value, when
information about kg QMﬂvmlﬂT%ﬁﬁg&e&@& iORtAIBEEhd Sl sl which Re18Rssiénst tgproducing
method qf fslnlé Aegigiharete H’%iﬂ@ﬁr@& eastioperRirthsdaatavalusangtipsieiay value

compriseg, dnining at least one of the gain value and the delay value with respect to each of the
replicated goufd $ignals as an equal value, when information about the location of the listener is not

obtained. [Claim 441, AhietsAresnsinarkGRRLROLRG ERIGHYFING ARAREAUHEAMIPHRIAGL o a filter
unit whicp Iﬁﬁﬂﬁ&ll& SQURG: g;gg&g Loh asedeterminged filter generating 3D sound corresponding

to a first elevation to generate a flltered sound signal; a replication unit which generates a plurality of
replicated sound signals by replicating the filtered sound signal; 20 an amplification/delay unit
which performs at least one of amplifying, attenuating, and delaying processes with respect to each of
the replicated sound signals based on a gain value and a delay value corresponding to each of a
plurality of speakers; and an output unit which outputs the replicated sound signals on which at
least one of the amplifying, attenuating, and delaying processes is performed through the
corresponding speakers. [Claim 151 A non-transitory computer readable recording medium having
embodied thereon a computer program for executing the method of claim 1.



	P106931_PF14(2004)_Description.pdf
	P106931_PF14(2004)_Claims

