1 WO 2012/ 005507PCT/ KR2011/ 004937 Descrqi ption Title of Invention: 3D SCUND
REPRODUCI NG METHOD AND APPARATUS Technical Field 111Met hods and appar atuses
consi st erwowntnossoenpl ary enbodi nents relate to re- pro®aTiKRR011/004937

t hree-di nensi onal (3D) sound, and nore particularly, to localizing a
virtual sound source to a predeterm ned el evation. Background Art [2]Wth

devel opnents in video and sound ' chnol ogi es, contents having
hi gh i mage and sound quality are&?&gﬁéﬁmﬁ&ged. Users demanding contents
and accol e fEHRERiGEN YSOLNIIRERRODTCING NI 1 TREFD AN "

conducted. 1313D sound is generat ?1( }S ng a plurality of speakers at
different positions on a |evel sﬁgg‘%l@l‘% out putting sound signals that

are equal toTychdiitAEF#1d from each other according to the speakers so that
a user mpy experience a spatial effect. However, sound may actually be
gener atléld” f r orYISAPHNY aPPRREPFLiEsisigat With xeaplyry srhpdipeithiedate i t9re | evel

surface. Thepeidtyg thretiehagicaay (3MIsoeid, @8d noed yartie@hodue icglisayadisiagnal s

that are generated at different.|evels.fromeach other is necessary.
D scl osur e of HEEHTTSR * ST SIS TRt om
Background Art

[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
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signals through 7 speakers accordmg to an exemplary embodiment;

[12] FIG. 5 is a diagram showing an example of a 3D sound reproducing apparatus for lo-
calizing a virtual sound source to a predetermined elevation by outputting 5-channel
signals through 7 speakers according to an exemplary embodiment;

[13] FIG. 6 is a diagram showing an example of a 3D sound reproducing apparatus for lo-
calizing a virtual sound source to a predetermined elevation by outputting 7-channel
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
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mixing a sound signal that is obtained by amplifying a rear left signal representing a
sound signal generated from a rear left side according to a third gain value with the
first sound signal; generating 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; and
outputting the third sound signal through a left rear speaker and the fourth sound signal
through a right rear speaker.

[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.
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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.
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ears of a uséP{"tHAY CC%OIFr ﬂﬁ%ﬁ@% QU PR LRI B ASBACeTiNE HRTF
makes a user Smnmgahnmgbalgeﬁmmddbytcathptabmr&namatenﬂs&crseby conpl ex passage
char aCt[%; S“ e%HE‘ePuRl% 1%{15&%‘4 Hﬁglﬁlwf %dr’}né)cfenﬁg E@Qu #‘eqaefa‘?édﬁ ihl,0n by
pi nnae aura Pevel
di fference ( IPQD}lOla hblarmie\iaﬁp@ rugé@er tin thagref dithdl epeaeis tl(latm) arregged ehaiyel
accordi ng tosﬁﬁwédE@Mti!oM@be@d\& ?s%'é%&&ple%f%ﬁﬁééﬂ iR Hiftn@Xi18t s in each
direction in a {g D sound may be generated due to the above

char actle?li sti d&k fﬂ@?ngRf |FIl ter-unit-II0 uses the HRTE ) ter for nodel i ng
a soundsbei ng HRTES i HRITH fepraséntp@Patdags irAbrndtiof f@y@4 boditibi ghevirtuliasouhdat  of

actual speakers t are arranged ] surface. Equati. 1 belowis
o oxampl o of CREkE s B oh HERE Y FRTP LR 5rosBi e sl e riaies ()
[51] HRTF2 i $roHRT posiepr eSandciuagspabedgend eafoofitht bem. Sincm soupdsignabin of a
virtual sound,soure hOulf sBalidr o ofiehRfine ARF dﬁ(gg]n&iesthﬂaﬂ-g diFALRRENt | ng
passage information froma Sition of an act ua th
user. Since & e¥pHdrgR grra’ruaf spegliep R T 6piresnending traar piggdetgreaiped PlﬁV%smér for
the user to HRGAYNHZRRIBA Ot W% thé GRal sukBcOWr Ry afibrPoR tBe Héthirual
speaker, HRTFZ?% rrespondi ng a predeterm ned elevation is divided by
HRTF1 corresﬁB g to the IeveI surface (or elevation of the actual
speakery2] [ 52]An°ﬂptﬁﬂzﬂiHlHTF tHbtTdsponding spopddeagmiiaedelpy aibatvaried d@dn@hg\bﬁt ion
vari es dependi r f|n [ prLi Nt . Ver,

i npossi bl e tgaégg[f ?f%taﬁ%fﬁ%ﬁi) %g%}%‘%% ﬁtslcsérl Y lb?eogoé:ﬁi&lgyfﬁ ﬁ‘e Hﬁ'f "at ed
HRTF to each ear@erser I, appiRTiRe racwated hRaER® daoh uspBhugsdRI Fos calculsted f<grr oup,

who have si migh 3k ,R5OBES ﬁée‘?gr(fuéoﬁlhgﬁ%@élﬁmlmpﬂ ?élﬁéé (fBf é%graﬁ{ Tlé %ﬁ%s?&ﬁih as age
and height, or propensitie favorite trequency . b d favorite
nusi c), and PRASES SPepIeasIpaheight, PhPipReTstiss S@%lh#pﬁaéorltarﬁreawa@én%m%e)
may be det er ek @ssitNandRER, appldsestatie wllle @r dxBRpls &f svdragd wiled niay t he

correspondi NPe GREImALS 40 the HRTE applied to all of the users included in the corresponding

e

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 -----------m oo (2)

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



[53] Equation 2 belowis a result of fidtering the sound signal by using
the HRTF defined in Equation 1 above. [54] Y2(0=Yi(f)*HRTF(2) 11551Y1 (f)
i s a val weocorvmsiogd i nto a frequency band from the souRGTA{RPAEN006287 put
that a 7 WD 2012/ 005507PCT/ KR2011/ 004937 user hears fromthe actual
speaker, and Y2(f) is a value converted into a frequency band fromthe
sound si gnal u@éﬂhéb!ffs ﬁdmthe&cuﬁﬁipehﬁar arldr ‘ﬂj(ﬂ)hh@véﬂhé todlerts® aak e freqidR) bihe

filter unit y on ter nal s ,of lurality of
channel i gnai e GRbdierd obfh: 80RuERERSont [0 uieefa s gnat ey
i ncl udé>&lound Biediiak sni¢ ¢ 10 ewponyi filger tsoma Cbzhrmeht;lgmqls off a plbeatitedSchannel

Herei nafter, 1 q]%m# ﬁ{ dk ngefi ned for conveni ence of description.
However , the® n];] anne in h gn exanp and the sound signal nmay

i ncl uddSd chaﬁﬂ’é‘lsoglﬂ(bﬁﬁmalﬁ&f)(rlé@é@ﬁ M@dmealéeeﬁeﬁp@n@lﬁato ey eﬁclfafnaetﬁ

directions othesindthan VJaﬁarﬁléyﬁgnadhsr &lfinle@tt% doRddnidick lof Hé&\élnpﬁorﬁ@ﬁﬁxfév@te%e [ 58]
A center char}ncglla S|lgnal is a sound signal gener ted f front. center

portion, and ignakif AR GEHIRIe AR RS SupE sieapl mf‘%éﬂc{“ﬁt"f@rc@ﬁ‘tn HghYl ERannel
signal is a s@uﬂﬁhguhg Ralndgened atredatéd romalifecthiis @heatehof thasédveantireinki on,
and is out putthatt ﬁ’%gwbecfe Jols18 dl’l ght speaker. [60] A front |left channel
signal is a séund gnal generated froma left side of the front portion,
and i s [88It put Ah%@rgthaaneﬂ signal is efoursipegieb penef@dd frdmraglaiontcegfat parbammat is

signal is a %ggﬂgt @plaiceg%gg aked froma right side of a rear portion, and
is out put thro a_rear speaker . [62} A rear |eft channel 5|gnal IS

a sound’%li gnalA eﬁte%ltt@aarfltegﬁ%a it pougd gienak canpiteddzem gaieht oee obmfrons
out put througbrtﬁ)nr@Iﬁrlsloaﬁﬁtﬁl@@?éh%froﬂt@?ght@eakeght top channel si gnal is a

?IO;R? { %(%nglp e a@ Ftcci:h;r{n%mlgnal 1 g(;unrdls gna e%re%atlté)cp from c1etlt gldgl(J) e fr(;[ntgr ough a
portlon and is output through a front left speaker.

[61] A rear right channel signal is a sound signal generated from a right side 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



[64] A left top channel signal is a soynd signal generated from an upper
| eft portion, and is output through a left top speaker. [65] Wen the sound
si gnal i meprdegosiee ri ght top channel signal and the | ePCTIKRROCI®OMIBE]
signal, the filter unit 110 filters the right top channel signal and the
| eft top channel signal. The right top signal and the left top signal that
are fil tgr ]tcad ﬂ&nan%m of bise@klert hrobgelvhiah he flilgaed smmn@l s@ﬂ[s%lltﬂa;aiutfbﬁ. For
generate raom a des do not
Poetude-the e RyReier BpiEfe TE R abih NS o 15 S Oh SR e 10
filters the flefowp chiaglel sighadnthelreairighadhaane SIgn@l fan@ﬂte rbaﬂtftclwrmnbdiglyil,gnal )
The front i gt cGRARBFNNR1I0Ma B REIELAH N Ffilred DRAAEL5iH0 } hen
It h c F deSiTe

used to node rtual sound sour 1gener ate roma evat| on.

[67] In some Oé;@hlﬁqwdmdeewb@e reRdisaEon wnel Xbonad vay gapgndingsen @eégembl@ry A ude

the right to%oﬁlﬂ%ﬁ&eho‘&b@ﬂaﬁ 1sft1‘é§11riUP@th|a?ﬂcv&o é&ﬁo&l}@;ﬂﬂﬁ& a®i g@R@hteli k@ ih xR e,
2.1 channel cha nel IS u -m xed nerate. the rl(gg}ﬁtop

channel si gngll1 e%?ﬁ(fh Fléfl"l‘“{l 1f‘fé@‘lt ?tgaﬁéli‘ere 1t chipnel$igha) ap t op
channel si gnad:ara&fdcltalneells@rialtop channel si gnal may be filtered. [ 68] The

repllc don u I | N6Q

oi o ot 10501 St GRS bl P RSP ARNT oS I Kl pRY, o
channel S|gnamnabWﬂHMMBPKﬁE@ﬁased8pM®ﬁ201m1b@@SOﬁE@TAKRQ@X&ﬁ@EA@B? t he
nunber of SPSAKEES thiy QAR i B8t HEHEDRRARRIePhAREl et R
output. For e the t7ltered sound signal out put as the right
top channel §h@ﬁﬁlﬁg@%e Ieft top channel signal, the rear right channel

si gnal ,[7@nd t hihera@@dlifieei 30 @lhplmml (oﬁatwﬂahtes)tm@ﬁrt@@a B@lﬁfd' siFhalilicordigPiomkes
four replicas of the fllter ﬂannel nal . a rrber f Iflhcas made
byt e Fepl | ECFBHMTIEEo0 ] 1 B9 YABSEHa! 15 BipPraeeefipkaryr

enbodi nent s; fiewewennd sipndls desirable that two or nore repli cas are

gener at so t f t as the
gener 226, <0, YIRENARE! i L6 EAADAEL APk AR OHLRS, BsfE5C
speakers t hr eoghfiah a@@rdlhg tor 4 st gaipyalshagndehe sghriap claamelt Sh@n eftput op

channel si gn@ﬁrowgﬂ the &t {HR Eé’ﬂdéi;?sdanﬁﬂﬁleg'aé&ﬁéi% t@H séc%ﬁd QYleJalu%UHfsﬁaCﬁre As an
exanpl e, the speakers may pbe attached right above the fgront speaker that

reproduces t BBStERBNYalys 1@?13{ be grsatse thagthgigrond seon vathe 1B additipRdhe BA0ORmI i fi es
(or attenuat eBinnehdgihdl louguethrephnde Spnap s@ﬁﬁ@ﬁ@ihmghﬁ@d &ccprdietoahei ned gal n

Sronal . [ 71) ot SR e 1 GRE SRR aret] Bl st Bk HESEGHS Che
right top speaipdfied sccangihg fd thd fiag geindiahg sogha the etsmnngjaignalsadourespoaduhgtihe
right top ch@mgh aﬁhg@ﬂ{ ghﬁeli)%l VBE@H@& the left top speaker is anplified

accordin secon al n va the first gain value may be greater
than tH secoda ﬂ@eaqe}at@a% &n ITR magibed hasrbeen mainlppsediip orden sharuierai giiuabut put

t hrough the rsbﬂ{aisohfb@ a5 ReakRU po&tlaﬁptﬂefmma%@ﬁm Rgtho otfh%aﬁﬁﬁgﬂﬁ gain
value and the. le nﬁ channel nal, Lgut t hr ough t he Ie% ?c‘z} eaker
is anmplified V%ﬂ: GORGE fhd ?Siﬂ}e tPOEiHPI’h SHREUNG WHHMS §0ENE fig efFO fgnal s
correspondi n@hir@httyh)é speakérs avith tirhg hiffemmask dhs ITrBynéztbod)mtspmztble fof 2¢calininghe
related art, been

virtual soun soﬁurl%[:% Snﬁ[ﬁ&]goqldce%st thedSame g on ﬁlﬁﬁjt ?ﬁhea gl%qgca%%{od of

| ocal i zi ng t ﬁh)WﬂVrﬂt,lﬂElITQ)mn‘dhOéMQi@ntaDP@Pd@tswae'dO perslird tha waabmlmdt ting the

same sound sisgial «f 4 P&E‘ltﬁ)notlhh'trl@hdctaﬁéd@ﬁ RPeAK L 21 idh & ABdudllspEfREES. The
| TD nethod is suitab for |ocalizi ng the virtual sound source at the sanme

pl ane dmhhi cHeReBlabifnbadiagiiertBe sinee yopadigaal ipgweveromaluRliy ¢fet hod i s

not an appr oppéktS W&ﬁydfff@rdnt)gzﬁhlvéﬁei he thid mtau@ér SQURIh SOUhGRenPlady RASI L1 ON
that is | ocated. hi n an. el evati opgof t ea 73] In

t h
exenpl ary e 8 tH QU SUETdE PHRLHLY l%caﬁa‘i ‘if?ta“feﬁ)f‘a %PBT“‘L}Sal ity of
speakers w t highef fhanemit ofjeheractual spesker) or to hicsrtamrivantiormegaxithisngt the an

exenpl ary egig%ﬁ,h{@mftﬁé Qﬁg¥ll E)% } sound source nay be easily localized to

an elevatio an ‘that of the actual speaker, or to a
certai n74l evaﬂmmut@gamd 1 4@ guipfitstohe Oétr@vmmblﬁl@fch@h@latgmlalth@p@law@fre-

sponding speakers. The output unit 140 may include a mixer (not shown) and a

rendering unit (not shown).



[ 74] The output unit 140 outputs one org nore anplified channel signals

t hrough correspondi ng speakers. The output unit 140 may include a m xer
(not showwp 2aredoss0renderi ng unit (not shown). 9 WO PCT/KR2011/004937

2012/ 005507PCT/ KR2011/ 004937 [75] The m xer mi xes one or nore channel
signals. [76] The m xer mxes the |left top channel signal that is anplified
accordifng) to tihe rﬁlbcéﬁltnugabﬁetjﬁhmk oMafifie] kp@alki ght top channel signal that is

oA 2000kl g 8O RAER DO B LRyl SuPTIBEE Goll bR
according to gaimevahwmﬂdthgalght mlahenra:thdignﬁehatllgmnpluiﬁqai ahanlre toshegmbnd hat is
anplified ac%%nd\’a'ﬂﬁ gggﬁé}%efa'ﬂrﬁttsogﬁd &Mﬁ}]ﬁ%(égts ta{?%gﬁ%rtﬁé ﬁfﬁoﬁgﬁanneﬁ e gnal

corrponent In a t1on m xer e rear eft
that is anpl ifdtéchmpidisddiceerding ta therierendyedimvalue ad (e wight ee channed sigeaind

conmponent t o (R RELABIRIA dcBbrtifh oSO Hcki S OXRP RA0E to %é'ﬂ@ra@ X@ohd§oungar right
channel signal that is anplified according to the third gain value with the

second soundc%‘ﬁﬁlaﬁ%nt to generate a fourth sound conmponent. [78] The
render [y uni tin aédiden,shé hexerinxiees the reuun 1erfi cedndoigndl hanpamgiitisd andrding put s

e 0 O SRRy P RRSAYE el (Gl TS, LR LSS o

sound conponen op  speak and output's frgsecond’seun
conmponent t o apéhenixdsghe retaopglstp@am Slghﬂ th¢te$ @npbflfrﬂﬁCk:QIfdlmgt tophesthadigeim or no

right top Sp%ﬂﬁﬁt 1&Htﬂ9séc%ﬂ9‘§6dﬂa%o oheﬂf%lg&kétrﬁ% £&d}h Jduhé%oﬁ Mg component

to the front eaker and he second sound onent to the
front dYYnt spegreprderinggpitrepdgerd %rrwd rHB- mgﬁééw%conmme%ﬁ%@@pwﬁe third
sound conpone}mmtd)cdrf@gpdrg@{ggjpgmge@peaker and outputs the fourth sound

i {13601 ¢ ne Mg REriag “RAGUTERGNT et SUE PRt ey PP REgeRdi ng on
t he nunber ofoutptu&;rthe becohdpalngl dcomplonelado the righe tepopadkes.ilfhale iamd l¢thepnunber
of speakers. F%%QP& &ght ?&e{?%ﬁﬁé? e 9JndE.Pf~? §Ht ﬁq%g %gw‘h?%?ﬁ%{%b@% apparat us

according to e nu descri bed
later with repapemnétq @ie lﬁnmleftzsp@aheoalghmay OP'@E] thgpegond Aoingd eontiopet tdithegr am
of a 3D sounqﬁﬁgﬁggqg&ﬂ@g apparatus 100 for |ocalizing a virtual sound
source to a predeterm ned el evation by using 5-channel nal s accordlng to
an exenpPlary dABOHRRDE rgNgeneAMIf IRt Ee tifd SQ}bldrﬁos@@n@t tHisHed leftgnal s
201 to gener gp&akér, @hwam@hts:ﬂhegmhﬁ sbuned dogh pogest tb@fetrealq@gmbpemeﬂ si gnal 202

Fhout TRED o APhEARIRSE R PR Eaic 2 B R bR AT R Sl e
into a secondabiREPeddifg of Bﬁ]nu'ﬂﬁEr of ¢1amn¢lﬂ§ilg¥1aﬂsmclucrlﬁdl mdl&squnﬂ erznaltandrthabout
a passage fr %%{[’)ell &fd [&}eMéeEst ?rfaék' nﬁe@%ﬁ(ﬁlg of el I8 s GRLSe ﬁf)dﬁé‘;‘?% @ QFatys2Nd the

second HRTF I ncl udes | n out passage rom a vi rtual
sound sour ce 2#¥rding t@&xesluafbef ﬁ%cmgléfrl signpls aflii pRAakeIRPAIL De tegpiibed Fderaeidbnd
HRTF 112 ar e réfeteh€s & FI05S. mﬁq@hgmg the virtual sound sources at a

predet ?gﬁl ned ﬁheggtlé g ltﬁl)loc:{;| ?11ag|ra{sm g% g QBrsoun Haprod%%:mgfapgzﬁgt%gllog Por%ocalilzmg 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



11861The left top channel signal and thg right top channel signal passing
through the first 10 WD 2012/ 005507PCT/ KR2011/ 004937 HRTF 111 and the
second HRYB 200208302 i nput into replication units 121 an@®CIXR20{1@0}93Each of
the replication units 121 and 122 nmakes two replicas of each of the left
top channel signal and the right top channel signal that are transmtted

t hrough the HRAS1 Lldndahe sdcbdd HRIEF I EPdrt ¢gfue thtd efplicitam whanpeknsizmal and

139 abihiaa. anp iRachiclgh P s Pk i b el S oo 5
arrpi ify the l-c:hquiriel:a'gm:‘l ahefhe righp tap dpamhel argdalrthathire trappnsiteththirowhabe HRAG st o

t he speaker i I | S| s. In
addi T on, tha't RS A1 SE AT 0%y BRRhR) ol AL P RARIE B N

i ncl uded in ﬁ%@Sfm%&rﬁ)fé‘l todhigchamplifagy 131.99L. andl 5¥me exenpl ary enbodi ment s,
the 3D[ggund r@RrasuchfIBicAPPRARL e sé&ﬂd@ﬁﬁplifieﬁiSdeﬁnﬁifglitlﬁesﬂeFH@it&Meﬂ%ﬁ (not
VR T A O T R R AT
anmplifiers 13ftentadi@? sigasied lhhdditionsthe and segifivd 188 hayplified dtdeasidries i S
because a sanﬁarn%ﬂﬂgﬁafl? C}%ﬁe& iti?@{aer%gg%in&%itn% ﬂﬁi n val ue may be obt ai ned

when del ayedcval} ues<o sound-signal s vary dependi ng on the

speaker 891 [ 90]In Thime exerppieryiambodimentsithe 3D shendueptodficieg aperatus 60 mhzrnnel

signal, the rjigife f &R CIANREL Df G 2ARY LB AL IANChorShINR) indldq 5O
Ignals as 7-ch I” signal s 205 The 7-ch I

out put the m xed - channe | -channel signals

sl gn a - ( (

205 are out piie fiigt ailcyseerd amplifigse bklednsl 1 32991 mpyingHise gl of dhediiist aydysecond
errb;)fli genE - nﬁzrsqtbﬁrm@ 133] aﬂltiaﬂl@fi@fn%qd'ds!w@ﬁd délz%}euﬂitg:D ThiX & beddiheByimee

om ed. ano I exe alr. odl n . e una reproduci ng
ot s ooty TS P BEPORT il BAAE Bo
anplificatio puedbsaphdlcventde gomthagpaakess. (not shown) . e
filter ter m-pi if. C 0P rdi £ ition
wher e (78 v £y THetiut? h%ﬂ2%('&%ﬁ%@%ﬁ%’%ﬁ@@ﬁ%ﬁsﬁé@%@ﬁgﬁﬁ%ﬁ?g?’é b arh. RS
angl e and a Kignpkand tie Sagighedl signhe2( ] toroatpud reanizeebiggale as 7-chaynebskedds an

HRTF corr eSpQOﬁU'ﬂQz 1-endnhiEl sYérfalsUZﬂS a?@Hﬁ‘tﬁutSt@léﬁél?ofthe b'ﬁéaﬁ&s.nﬁppi ng infor mat! on
bet ween the | ocation of the virtual sound source and the HRTE. The_ | ocation

i nf or maP1lon ofn PRhG, sXemRlary smRadiEsah ddiehdychaang! sapk atF RN GHPONHEF
modul es such 2a8 nageickatie@ns (software or hardware), or may be input from

t he us For .exanple, in,a game.a i.catdon, a | ocgat.ion where e virtual
sound St co 18 SRoRefors by SROEHRRL oD Rngep ARt AP R 0 e
det er mi ni ng umiltdersafjlterhiategminieuHiRTBt stevor dndgn bmplifieativardebtyicontfmient hie-
vi rtual Soun%fﬁ%ﬁéﬁnﬂé@%%&”ﬂ% [94] The anplification/delay coefficient
y te

determning unit I rmne at | east one of an anplification (or
att enud??lon) clderfilic detamiaig witdelesty apgepropepreHRBY a¢aeedipg i 3 pesitedn sound

si gnal based yaRr@the haast s@ing sefircd Wik ealdcan,«f (tHah g, A¢tleddtionR@gkaind ad

| ocation of the vi rtua%‘ ( ur}g squrce, . and.a | oc écl on_of . | i stener. OItf the

anpl i fi cati oRPHEMR! 208l ?ﬁ@l it CefeRPHIZHH RN 86%5&%? e ngdohss

| ocati on i nf einal sk@mdabuichéy lukisk emppingrinfadmatiaehetivien tapbdatioe af ihewvirdeal ay

coefficient ggﬁnedr sr(])‘iupcier;l%d Ltll?el IEIR‘f%YTEeelloggt}onq}lfoln%gé(gn S Re %rtu%l Porugg %(_)urcf":L %1ay
be received through other modules such as applications (software or hardware), or may
be input from the user. For example, in a game application, a location where the virtual
sound source is localized may vary depending on time, and the filter determining unit
may change the HRTF according to the variation of the virtual sound source location.

[94] The amplification/delay coefficient determining unit may determine 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-



WO 2012/ 005507PCT/ KR2011/ 004937 term neg anplification coefficient and a
del ay coefficient. [95] FIG 2B is a block diagramof a 3D sound

repr oduciweg 2appp@ssarus 100 for localizing a virtual soun@®CIOR20E/(0d93a
predeterm ned el evation by using a sound signal according to another
exenplary enmbodinent. [96] In FIG 2B, a first channel signal that is

i ncluded in aerﬁﬁmml(hrﬁ[ilﬂﬂ:ahorv\bddfﬁ(ﬁaltdﬁaQrdeIh@d:oéKﬁfCle(hQnveni ence of

d . nmbod ied

ot nor Shinnel 4161 ofia s bIRE PEEET bR € T AT B RS R h e Yom or SRRl Ra

reproduci ng appsu stund sd@Ee hmy predeterdimed efeivatgin HRFM 24 dqund sigapl dccardingrtouni t

221, and an F&héﬂcéx‘éﬂfpﬁ /egl%gﬁzﬂeﬂplt 231. [98] A first HRTF 211 is selected
in

based on the atlon orrrat on of the virtual sound source, and the

first dWannel 18FHa2B, asthSP%mgmltStg@al Dhvisighuderdn aspund siRmEwsll be desgeibed

| ocation inf %ﬁ%hkré}ﬁerﬁ:fs of 'El@sch?ﬁ@)t‘k'ﬂov&@/@f‘(ﬂhesﬁl%&@ei@ﬂplh (‘eln%@nﬁérﬁ\ﬁ?a%ﬂtfén
angl e |nforn1at4|p:]%ie{gjet i zont al ﬁ gle |nformat|§ &9 ] The replication
unit 221 repPP gof éc FEY S ARfludsdgp dre soppdsiepeh ng filtered into one
or nor ¢9Eound Eegimi;(ﬁlndlrfpr&ﬂﬁng@),pataltusl HK0assuinedde hdirsttHRTF 2pl.iacat i on unit

221 replicat firstrch mes as the nunber of
act ual speakgéphcatﬁ(llb it aﬁ@alf fu}ﬂ? al%gﬂ glaplay%uztr%:lt 231 determ nes

anpl i fil28lt i on/Alé&rsayIRIde? Fli 1@|seln¢tsd basetih)e theelokatomtintprinatigt ofcthamneial siugdal s
respectively GarL %Q%Mlﬂggcﬁaﬁnélﬁ?%nﬁpﬁ%ﬁ&ﬁmeg%Sg%lpﬂﬁe RrstlB@BE L PN efhgf

Iocatlonlnformatlono act ua Sea er [ ocatTon inf OI‘FYB.tIOI’lO a
| i stener, andcqadentifomationef thet yigpal éf)ultdr@umerm@/amcléléﬁ plgvatsmragle fhe

anplifi catl o eeltion aﬁ@hbngo’ﬁiamﬁglghﬁfbﬁﬁg{taint enuates the replicated first

channel .si gnal.§ based .on th rm ned .a i fi atl r.attenuation

oot (9Eh Do e aaray S % EpRtdiahe rEbab b et et HESEE RO,

del ay coeffi orante sdumdatgnebsehmﬂlé}r gBetrixodsureeat that the rephjohtidn wat 2Dinepiddazs uni t

231 i I t dth
12 5\ b ARRPHERNCIRARL LT AIPLI b4 AARbAD G REARELT o) and the

del ay of the re ase det erm ned
anpl i fil¢@Rli on szranaﬁthtﬁéhtam/qi@m umb%ﬁlfqimrém@ aanﬂuflphteord@qlaycwﬁglmt&p@ﬂws

[101] The anmpliifcheati-QRhaflepyighil Pes?&hv@?%f@iﬂoﬁdﬂ &S FHY SPesketdNBased on at
anplification/del ay coeffl cient of l'icated first. channéel signal for

each of the $§eL¥Ed: 0%8%9@9%%%@ 045 arcrtiaééﬁqals?ﬁ pSpURN igFprmagan oy
determ ne t he¢isegl hfid Raitdrnhtighatocorht vitanicnakolhe Eﬁ%@maﬁ@/&&aﬁqual

obt i ned. - and™nqs amPRac T Fob e Bley Aty Shehf ghd BRI eh ot her
may be out putternemd@am;rhfﬁslayon tor atighuatine) @plakets or llelayrathe ieplicated fiten t he
anpl i ficati O%Qﬁ-}eﬁé‘iﬁﬁ?'b%se%% tﬂé’?%lef%efﬂm:ﬁt' Ll,}a%h& h{b dﬁ% 'e&'%o&h'ﬁ{e‘ﬁhqﬁé 'aHﬁSliQf

the |istener ication ay unit erm ne
anpl i fi cat i ohicaérmdeldowtif 2] waY sigtapepynlygrerfore t&@p@mlefr@tlals (4 aHPHEPB)} ni ned

val ue (or anaad BetdeddyYortid @licatdd Bl cahfrl sdaf Rkl Gifthe deRehHEY Ofmi-3D
sound reprod | ocal i i.rtual sound source to a

parat us 100_fo
pr edet er m neg C@?‘%\/@’E%ﬁ“ﬁ%@ﬁ%@”?%ﬁ ?@P}Eﬂ%ﬂf Cigif&or di ng to anot her
exenpl at§1] enbdﬂwrmqih.ﬁcmcm/@l@} udi 331 getnataillgraletmntneéwlﬁ aenqihfﬁamm/eelﬁy @oat right

12 WD 2012/ 0 P KR2 i 02 I ont ft
channel sig ngfﬁg gﬂhe re@ he equ%té%lﬁlg Slg%%llafﬁ ﬁle q%? 5 'W‘eveéxéh(réact ed
si gnal s to t heplificgioniRTdy let123elmytdq@rmwdh@armpiﬂh‘callm/.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



[ 103] The 3D sound reproduci ng apparatys 100 of the present exenplary
enbodi nent is the sane as that described with reference to FIG 2 except

t hat t he wount/wssvponents applied to the filtering unit®CIKR28NDIBZ, the
replication units 121 and 122, and the anplifiers 131, 132, and 133 are the
front right channel signal 302 and the front |eft channel signal 303.

T][ter ﬁf ore, dehaideeﬁg@basson apd haﬁﬁbﬁt left chblliﬂlle'B BghgB0d ffoﬁpﬂfgtﬂalaiangelatgmr a,%mus 100
of the prese e odi men i rQvi de 04] FIG 4
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| ocal i 2101 a vThetalMt;OImduwp:m@mng:@ptamt@ I90ad ¢hceprasene ek enh Bargtentiodbyent is
outputting 75 r

exenpl ary enbo I %ﬁits tﬁi%@%ﬁﬁ{l g[ltﬂjgﬁr%l(:é eszcserX ?@ﬁg{aglgg%ghg%gﬂﬁ &%Bts ound
si gnal s, and applé, todess ltqrﬁedmbtaééha@hlk?o@hﬁ:reﬁtl@ﬁan@n%iifeﬂutndt}%%e&m
tspeakﬁrs l[l(aﬁlphﬁeférl@lslﬂnal:lcﬁ %?{Zﬂ%lﬂlﬂh 6t 3ight él’lfﬁnnél%ﬁgnaf@@z"ﬁtﬁi thétﬁﬁﬁlleft al | eft
op channe . rear_left c na er ann signal, a
rear right cﬁh%“ﬁ@l Sl%‘?adﬁgg Ther fPrQ?h ]E?d%ﬁﬁ QF@F? ARG 'ePre ‘t?Htg ri ght
channel si gnappaates il Opof thelpretséna esanpmu;ndnb@pmdmﬂlng)taepwv&ﬂadsheifoo [ 107]
The fr | ef t hnneI .S m xe ent er .channel si t hat
o art ok ea 5 A Y SopgEtoid I 8RR MY RSe BRG0P AR PR
speaker. [ 108<]>r ltﬁtraélztr@fat Vlttotli sohah mucestpgtrmedqﬁfassle@ dlématiog hy a@ntpHIRITE
correspondi ng_&Qn a1 sfg‘n%\é%be%h § Eﬁéak&@ a@&{rdﬁl?%%otﬁé}%e&?ﬁéﬁ &Bbécﬁﬁehteft top

speaker, and is replicated our _channe left top
channell1&3] gna|F§Gaf¥évﬂéﬂeﬁF1Pffcrléed B@S@éomat%ﬁow Sa%ﬂal% w%th%@@éﬂalhﬁ{itbﬁsqdm ri ght
top channel §b1gﬂﬁjlgnaﬂg’bu:i eake,fsenbodl rrents after mxing the left

channel GignalStopsiehr st Tuf @iﬁ@gﬂ dnebriad: Sl st S e Ohe of

the m xed si ge‘fat:}mnnsl sggmal, iafceetdr dmnaelfsaag:rtahra Byr rtgindchdmaal, signakedighttdp t he rear

the mxed oi GRurarigfl Rl it QAR RS0 Tniy T R BERRR HIRIBHATT D

left top speaRpasratup 1@_@] Two remaining |eft top channel si gnal s are m xed

with t W@OT I ghtThTeQR)n@ ﬁb@{'&ﬁhneﬁ's%}tﬁi 1str1ﬂ§éd With %Hﬂehfek %Hlaﬂ%l §1Qr?a1 ft}i%@is%teﬁlat@e of
the m xed signals is_a factor D then, is m xed t he

rear right ch¥ é‘FtO%Bg%t‘éllth%fhéFté%Rsff&tedttﬁﬁé{?@h etfttféetl@ér ri ght speaker The
ot] her giofﬂhe mrhﬁeeh Sdpgﬂl@,hﬁeélsgnalrmlsd;efslﬂﬁﬁu@aﬂ HRl"[fF]bemﬁpoﬁdlr@’td ah Elefmtﬁ(ﬁut .
t hrough the rjght speaker . 1 The rear 1 C nal is mxe
wth the rt ool ARaIRh BRI o Mot Ob g RGP ORREineF R Eharian ¢ he
| eft top chammhlssignal that is anplified by a factor D(A, and is output

throug %édge regdfo iﬁ?tftt)p éﬂﬁl@lg 1gn g]'a],r %Eﬂﬁg&?%ﬁ?ﬁct&%gﬁglthéf %)@éd ‘!V%the

repl|c into three Sl g | cat ed cent ér
2012/ 005507Peght@2@mmetmgea¢ @r@m@xe@p@mpe @@H@ﬂtﬁeﬁtﬁét@&mgﬁhq K& tPRict or B,

and then, i s AhnRAsi¥hdlfhdt Reachpiald Hyahé rLRRMORkth Shedh chaaHEIRMWal, AEOUgh
t he front IefCt S Slgﬁ Anot b 3 . %ht@lﬂ ° %na

|icated ce ter anne
att enuat ed byPiXFESIERAl Ry bS Qﬁ&t%‘lg VPR IS &@8 IW?CLSIE s tsraH}leﬁFiight
channel si gnak aafacdoDDtzmaithélhrrmugdtwtthehe‘lreemlteftrchghtel slgefakaﬁd oufpnethoddpdrthof the

replicated C?%ar?eﬁ?t gpeg%ire'khes(l)tggtaotsthe ﬁ)%g]s g?alﬁll%tlggm?ﬁﬁgd ?‘fg %a}%:ltor% afd Hl %hen s

out put throu er speak nél 5|gnal i's
m xed with t@etﬂuéfhtoughﬁhtlvétrtnBBP@kqnal that is anpli f| ed by the factor D

and thgjfdght ap.LhANRS tefeﬂog @ﬁénn%hﬁ%nd@a@'ﬁﬁké& wad dyrigli®of @mhRsl st and
then, is output through the rear right speaker
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



[114] The right top signal passes throygh an HRTF corresponding to an

el evation that is 30( higher than that of the right top speaker, and then,
is replicabedizesm7f our signals. [115] Two right top ch&omaR20i1g0a933 ar e
m xed with the left top channel signal that is anplified by the factor A
One of the mxed signals is anplified by the factor D, and is mxed with
the rear |ef Tchﬁhlamiglhalgiisgﬂt‘talhummb@adtortml’a@dglﬁbnt tsem&e@mﬂheﬁé frepedatcer . The

th f th ' .Si I E d.i t put
Chrough t he. CBreryEh g A4 Rupt eh heBontet MEakEa ot BBfthechitel”
si gnal s ar e ahgpinef §ighl lyatteneattdby tre fActonBdaralr aftenihagds wiixdd wilthethle gfant tigipt
channel si gnaj s,,.f8) naﬁfan& Hﬁt{p{ﬂtﬁ ﬁ'tﬁ’é‘ﬁ&% eﬂg%t g@&kérf Tﬁgotlﬂg &ﬂﬁ%f@ﬁkﬁéd D, and

is mxed with the r out put rou e rear
ri ght speakeﬁenwa@wérgnéks ig memwﬁéém @cﬁ@m@ gnel tb‘?ﬁpllﬁi FYtRE ﬂwuglnﬂlefca@tpbr E,
and is out puts ddpepough the right top speaker. [117] The front right channel

si gnal with the center channe t hat ated by the

factor [E% and ettt Clﬁ’ilf“g]twaf ’rf‘émf"F%thth%Jr#t tg}bé Sl%‘ﬁ?’Tg]a Rext, sound

Sibgnal 3 t hat aﬁfpﬁflf:dl balkheyfactut Puindtiy Ggig hop ﬂﬁl;?_ﬂ@@éﬁ?[ ﬁla?ﬂ‘s]raﬁ?pthﬁhﬁ by theI factor |

above-descri [ ron e channel si gna
ﬁgl Q cP ﬁl%lg,l 1??&%&3 th?%l&il(%flfi re\é\,ﬁrl%}{t Sﬂg%kﬁl(

+ center cha IS 0 u € front left speaker; [120]
(rear I[&f4] c hélfhﬁeflgh@ fapriagnakpag¢ tbetugh ep P&%Wesm@m oaneleviaghn thadp

channel si gn%b? ﬂghér tﬁ%{ ﬂ)i%ﬁ ofttﬂé ﬁgﬂﬂoggﬁeak&aﬁnd &kh, is Péjﬁlkﬁléd irdtd &kl s {%ﬁﬁlgl eft

top channel si ut through the
left tdpl¥peak Orlghtzglfc aepeléhg@is Pp HRFR W§1i1 8}?&? tQPsCh@H@eéGtgnﬁlﬁhbtt}@h t he
center speak@mplifié@ Bbjﬁe%étbt Ahoné opthe hﬁaa@blgﬁmg raln{phified |b§ftﬁe fa0for thanmgl

SO B R Ry SRR iyl e e o
out put t hr ougthet b&theeaiked sighdls spmqﬂfﬁed banlk :[ail:th]E fid wutpur ghoughhthe fedt

signal + centt%p%lél%gnel signal (B) is output through the front right
speaker . 71 005507PCT/ KR2011/ 004937
[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 that is 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.



[126] In FIG 4, the gain values to anpkify or attenuate the channel
signals are nerely exanples, and various gain values that nay make the |eft
speaker awo 201200830ght speaker out put correspondi ng chanRell/KR2gnAl0$93may be
used. In addition, in some exenplary enbodi nents, gain values for
outputting the channel signals that do not correspond to the speakers

t Er oughizdie | elﬁtFI(anatl thé gdnh Vsmeﬁﬂgai’n@liﬁﬂgr beenusedhe {hhadid] skgn@s abe meredly Fli agram
showi ng an exa sound re uci n 1 calizing a
Virtual counde0Bhfrdny JadbsiSLiubaRAEE B PERIEI Bt dlv R e Eikne)

si gnal s t hr owgtpu?capsphalisg dtamoﬂslctngIQIStmaﬁbﬁ)mdaérIn@)démphamwommdmphm en-128]
The 3D sound bb&me%ugamﬁﬂlem%gﬁ 4O chhnbl Fimah i ddor $B1EEBRq I

shown in FIG onents in into are a front
| eft channel SBeaaIthiggh ﬁlefleféﬁltldnglgtweaéqqm@rb%mgﬁm Therefore, sound

si gnal g1yt pUtFIGhS %Jegﬂlagﬂﬁl ﬁﬂ%@ﬁrﬁe@h@l@@f df Slb's@t\ﬁﬁi repbdBding hpRuitud €66
channel si gng(])r P?age nt er glnnel nal t thrgX%h the front left

speaker; [13 % ae‘flifm WQH%?O ‘fegtﬁélipr delfﬁ(rfnlﬂ?etﬁlrﬁ eyalipp DY RURHEINES| gnal (A +
front right cShdanedl skingikahrphgh 3 spﬂﬂkﬁtﬂtacctdﬂdh@ggdﬂaﬁ&l@erre&amp]aqf ¢mb@iaker ; [ 131]
(EC(Tr E%ﬂger tél%h%@%"so%'nd%e nc(fluc(lA i f ? ghlll Ff(?aﬂq ssaI naaslt % Sh(%Wl?yI{ pﬂt

t hr oug top spe center chann I's ou
t hrough the d&éqt @ﬁxcspé@akmoun{i Q@E])OI(@E(S(lﬁpldnntorangHRTE hl@rvrfed)ntécrfgdmn(lﬂ Sigrial ont

l'eft channel ﬁli g@ﬁ‘)ln) )1§ﬁt%h%e@'5‘i nﬁlhTR&Qf&ré K6urdd § %ﬁalst &Rpﬁ%ﬁ%ﬁl the[sééﬁilers( rear

ri ght channel % front right channel gnal (A + fr ft channel
signal)) is étapdel ‘t"ﬁifough the rear right speaker; and [135] (front right

channel[1®gnal(fisnCleficBinmehdping - @h@hahdnBk] Jign0 U Pivbutpat Muairhttherrbhaste ri ght
speaker . [136%?? G 6 is a diagram showi ng an exanple of a 3D sound

reproduci ng d¥pafatus 100 for localizing a virtual sound source to a

pr edet ¢it3|ned (sdaeledt dhanndd yigaait p DX dftongleTt-chhameh signsl 4 rafirent trighociginn& speaker s,
according to ther V. ' [ 137] The 3D sound reproducing
appar at us 105%&)%&1&%‘?%&%thg@?ﬁlf%@%ke{ shown in FIG 4 except for that
the outlpbtl si gh&lfront kefitchaime! sigpgloh edrans right ghannel liigaalhisopur Bfreughdhe apeaker
(the speaker tglpg chipg. | eft top channel signal 413) and the right top speaker

(the speaker for the right .top channel (;igglnal 415) in Fig. 4, are output
t hrough!$4le fr<€&&enFeéFhar§15lesa&1&1>lépH@ué rthg %ntqrﬁee%kﬁbnt | eft channel

si gnal [633)) ar(ﬁ((tfﬂ@ﬁt lﬁgmrcthaﬁneghgn@pealfﬁrnt (dfheéhasp@alpanl)f @loutpue thréwht the | ght
channel signal Et 5) gﬂpectlvely Therefore, sound signals output through
t he speakersn§|h ORSPFY [138] (front |eft channel signal +(center
channel[13}lgnal(reaByight dhgirel signall eD((fmhaﬂglﬁlchM@haig(laA(A +framieft ¢hghtelsi gnal ) )

is output t hr 2 t RSt B e[flé fekShHe L13 1(rear |eft channel signal +
D((front Ieft g])nlnel pfsulignalf g ﬁ) % annel
[135] (front right channel 51gna1 + center channel 51gna1(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



15 WD 2012/ 005507PCT/ KR2011/ 004937 sigpal)) is output through the rear left
speaker; [140] (C(center channel signal) is output through the center
speaker; WO2012/0080¢f ront right channel signal (A + front PCEKR20hz204!7
signal)) is output through the right top speaker; [142] (rear right channel
signal + D((front right channel signal (A + front left channel signal)) is
out put thrOugﬁmhhﬁwbﬁqmtﬂﬁ@ﬂ&tﬁ@&ﬁk&ﬂﬁp&ﬂ&r[143] (front ri ght channe

si gnal cent n annel signal (A +
Front 10" it lesfRE R SRS § Gl R I prBiE T gne. epoaker
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the rear rig th%@?é’?ﬁ(@fs afd4n X;SIRthQ‘t‘ﬁe%ft t%ﬂ‘%eﬁkért(ﬁ&%ﬂoﬁﬁf Rhet@ggle?(gﬂspreht@?t top

channel signals n sone e ary e iments
filtered IefKmﬁéboﬁnﬁﬂwﬂeﬁﬂeﬁéﬁméﬁéﬁﬂeﬁn%ﬂﬁﬁ%ﬂ§%ﬁh¥w@€55é@put t hrough the
center [spgakera 4 redd@ﬁ‘&é!ﬁﬂhat t‘h@Qlfﬁﬁ[‘&&t‘hd%@@@g%rlogalﬁe&lwpﬂégéteﬁfﬁlﬂ&d ibute to
t he adjustnen} of thﬁ %C?%I % e wrtgall qynd ource.in %ne left- 16
evation when the left top ¢ anne 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-



WO 2012/ 005507PCT/ KR2011/ 004937 and-right direction. [150] Wen it is
desired that the virtual sound source be located at a right side in a

pr edet er mvoedi12glossat i on, the front right speaker 722, tREeTARw1@®A37speaker
731, and the rear right speaker 732 may output the filtered |left top and
right top channel signals. [151] Wen it is desired that the virtual sound
source be | oeadeghadiratibeft side in a predeterm ned el evation, the front

el GRERCT  Sfhen LR A g s B Sl hBRL 122
when it is desimedl dldvation ke ont gt spalied’ 20 thegearleft kprakitets latnd the rgarght or

|l eft side in r Vi t I nd right
top channel rfgﬂ?aﬁQ 5@%?93? y[kﬁl?polﬁlﬂﬁe t%éé&gkggrtgﬁ lﬁd llléﬁ thgCﬂa%%él Stl@nga t he rgar
ri ght dpedker \glatzn wwleﬁ@@d @étﬁhetver@lal ﬁ%é]souwebeh@a@sé@ﬁpﬂ%F ydeodradent s,
Lhe :jocat l gn tt)é}hlﬁé@leél%/\lahbhlfehe %Hﬂ@ft%ﬁéﬁk@ﬁllﬂ tHeh€arl leffttsﬁémelf 7:ﬁ¥‘tﬁncﬂ!h6$€dr| Otnhrmy
e adjuste St i e or enuating the
left top and? éf“bff#[eu]f Hgg Feged{fﬁ?tttﬂ%g&ﬂ%@/t ng%%’?&e 46y ed | eft
and ri ghs2]t op E:wteammeh nsns gasajesi thmumlrthMrsoughsomm g loomedatshe silieras leff 154]
FIG 8is a f{d%mﬁ e eter Slli ﬁtﬁe FiR d(ijef{ ; g%‘l htnt% énrlllgijm a(for di ng
o% men £ ot

to an exerrplarye rfoeralon

transmtted wohipotthiough tthIﬁﬁr tctﬁtrﬂpe@@oﬁal Ay the r@arpigédmeekwﬁémaedr@mm on.
[156] I n operatidpn S820, the filtered sound signal is replicated to
generate_one or nore replica sound signals., [157] In operation S830, each

of thelbhd or Ipspee eEpNplay ephpdimeityr kocat@na#ﬁhq Virgal eed FeliFRyintthe defai n
val ue CorreS@ﬁMgﬁgdlmuan g@%@ajusfehrb@wgﬁlsmgma gtahﬁva‘}%daﬁlbﬁf}@ﬂ W bt be

el ot put  hesRatP G B a3 event P R a8 SepdP apuiRR muting %@(ﬁ%’w Bhang' ®

related art, r@ht op chperkapnals outpst takdugt oae oamd%speddarel evation in order to

out put (;?sﬁoundﬂé' ﬁ';'sa% ﬂQ\%QQ ﬁ&?artfﬁ&%dslf‘éo&lp?ﬁh&#@&&@@g@%{%\f&hﬁ ' s_not

easy t stal'l er onthe cel IS
general ly pl &é@dplab’o@mchh@emr ont speaker, which may cause a desi red

el evat i g5t o 'l{%p&%uéﬁﬁgﬁﬂ'd%@%d zhé@a@ls t%ﬁ&ﬁé@ﬁhﬁﬂu@ﬁ YR IH AT SPIHES: oS
| ocalized to a desired |ocation by using an HRTF, "the | ocalization of the

virtual soun@EFRMeHgIEVBEOher f or med ef fectively in the |eftand-right

di rectijos6jon dnlbpéiadonssto, Mefiieereduuan 8ignal ib eeplios@l i@ gdneite bisd Migndiee HTRF
i's not swtabl for localizing the virtual sound source to an el evation
that is hi ghé? ]8?8?%? PHan that of the actual speakers. 111611In

cont r agij7]accdnapegtionS§He eacterfphaoye @nmbodirepith spumhegoils imampli€ihdnnel

signal s pass'aQ&)rEhtﬂEQ g aﬁl%lul_i%-&: eﬂ{sﬁdﬁ #%gg&ﬁelﬁﬂlrgﬁéﬁqw h w&ssoupa@si tgﬁﬁle

different from eac accor peakers are out put t hrough
t he speaker s.Wlllr‘?etoﬁiPé}t rranner ,

[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,



17 WO 2012/ 005507PCT/ KR2011/ 004937 theqyirtual sound source may be
effectively localized to a predeterm ned el evation by using the speakers
di sposed W 20t205597i zont al pl ane. [ 162] The exenpl ary eRODHRZeN®49aNn be
witten as conputer prograns and can be inplenented in general -use digital
conputers that execute the progranms which are stored in a conputer readable
recordi ng nedhienittuil k63hd ﬁxmmh@;sb@éffédmeemmmmr torepdahitenineraeditiog byedi um
i ncl ude magnet.ic stor Io py disks, hard disks, etc.),
and opti car R/ T RTER 8 B i orie PR B rs) T TaedT whil o exenpl ary
enbodi fditls beéldwe epamplacuérabodimshiowan badrites as ccbmputen frogviatrls abé cambe st ood by
t hose of ordi I tails
Eh%ﬁéﬁte%iklh gje il Qh@fatl c&rﬂﬁtﬁte%f%ﬁét%gécu?@@l@%?%%ﬂs (ngédg‘ aﬁ%‘&gﬁg

may be made therein Wt hout romthe spiri
i nventive coﬁﬂééﬁ@mﬁgteld@ﬁﬁiar%fewfdﬂ%efnﬁ@llmow ng clains. 18 WO

2012/ 8Q5§Q7PC—@£X§ %Hfmpu@a@bz[&bfe%(?rﬁﬁhé%dlﬁﬁ gﬁiﬁemﬁl}?ﬁ@ﬁbm 8D) sound
reproduci ng net ho in un na r
pr edet er m ned 994 &r%@ﬁ@&??ﬁh@“gbﬂ%@tﬁw %F Sé’é‘ﬁ HFaﬁnég‘ioéclhag fr}eﬁg’t(e& evat i on

to generate &O RIOMseﬁI]}\str)d signal; replicating the filtered sound signal
to gen(ﬂ e a \%Hé Q rrtﬁ e lbod {1’1!16% { ‘t();"ed p?lchglaﬁl %ﬂgwﬁ and® 8650856':8 qq,&/]?it‘tiel gast
one of I|fy| ng {n g, and Faying Efrocesses on eac

replicat ed sdarsd)0§|bgrth¢8§ Otﬁ@shdarwﬁkléltlnltm thehearmius ghaggenindalmenddetads del ay
val ue corres We@ﬁa&e%&%&*\vf?ﬁo@d%a&'ﬁ@ frbh (RS s &ﬁﬁﬁeﬁlﬁ%%épe ShOHERNY ch the

replicated sound signals are to _be output
concept as defined by the following claims.



outputting the replicated sound signal sggon which at |east one of the
anplifying, attenuating, and del ayi ng processes have been perfornmed through
t he corr espantinegsogpeakers. [C ai m 21The 3D sound repr o#CTIKRpONE0MBd of
claim1l, wherein the prede- termned filter includes head related transfer
filter (HRTF). [d aim31The 3D sound reproduci ng nmethod of claim2, wherein
the transmtting the sound signal tg qthe HRTF conprises transmtting
at |east one of a left top channel Y epresenting a sound signal

gener atieghifrigm a | eft SA%e&Huﬁerﬁ%Qﬂ@]ﬁls&M@%%dﬁaﬂg %heEHoa% mipgRinghannel
signal representing a sound, signal ted from e of the
second el evation thr oudﬁ%%tlpﬁﬁou‘%@ aﬁf@ﬁ“ﬁ%‘é‘@@%ﬁﬁﬁﬂeqé‘ﬁrcﬁ&ﬂﬁrﬁw net hod
of claim3, further corfm b&ind@ogespdhainigng a ffilig eledhition oRecabamnefiltgednaindand
the right top channel ﬁt%ﬁlgl by up-m xing the sound signal, when the sound
si gnal does not i ncl ude’ | eft top channel signal and the right top
channel signal. [d ai mBilithéngheddtenct soapd ogueli tngeneathadloblityl direplRated
wherein the transmtti rgguﬁclpggﬁﬁ%md signal through the HRTF conpri ses
transmtting at |east one o ront |eft channel signal representing a
sound signal gener at ed HeFlernigrat st quefof aBipHEying @ttanyatipgtandidglayinghannel

signal representing a spuRdseSionnath SEMeieliRskedl KON rfa&ﬂiaséd &t léalsd@ne
t hrough the HRTF, when the sound m%g%lé?ywzs not include a |eft tgaﬁ nnel
a

signal representing a s‘g&rﬁfl‘%‘( Yaf™ Y FHERP Hé%ttoe§F168 B Rlng
el evation and a right tsppakeharmehgiswhichithe eplie@seitound signaeurdo e gneplut;
generated froma right | de of the second elevation. [Claim61The 3D sound
repr oduci ng et hod of cal aim?2, wherein the HRTF is 19 WO

2012/ 005507PCT/ KR2011/ a&w;gsfmgg@né@rdlce@dbyurdi sigrdilsnen which s leasyRme of el adi ng

information about a patﬂ]lf{/ﬂhgrﬁt{ehﬁatfﬂgf §ﬁd @élz@f@%b&@es&@s IBRE Bed pdfdtHel by a
second HRTF including i'nformati on about froma locati on of a

speaker, through which t???é‘ggglfﬁi?r@ﬁ@ﬁlé}ngvﬁpﬁkebge output, to the ears of the
user. [[Claanm]7] The 3D smHeBD s@paepoilngndBEethod obtlagh dl Wheeinvhergede-t he

outputting termined filter includes head related transfer filter (HRTF).

[Claim 3] The 3D sound reproducing method of claim 2, wherein the transmitting
the sound signal through the HRTF comprises 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 rep-
resenting 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



the sound signal conprises: generating4@ first sound signal by mxing the
sound signal that is obtained by anplifying the filtered I eft top channel
signal acwordizngsioe a first gain value with the sound siPgmaiR20HIA104933
obtained by anplifying the filtered right top channel signal according to a
second gain value; generating a second sound signal by mxing the sound

signal that is obtai neogehyrampiyldlwdﬁg d thet HRTF 1h¢1@d1ﬁ@aﬁaﬁﬂ1atﬁingﬂbalht ageior di ng
to the second gain val

bl 1yt ng_the ri 1t o ed o g b (e SRR P EPEAut B asePyThE Brcliing oo
gain val ue; and out put tinfegmatien fhiaqust pstburon gilgutbn vha spegkerathspeshkverich

di sposed on a left sidg,a ng%zqufvgq&&ngj‘tsﬁﬁﬁ'g%aé%ﬁl skgnal through a

speaker disposed on a right sound reproduci ng net hod
of cl ailfdam Aer ei n t helhsutlperundrgprofeciapmathodiogalaig 3ctyh®ﬁemstbg ouigBhi@Eat i ng

a third sound signal bythm@ﬁnaglgalap&yﬁiqjsgggnal that is obtained by
anplifying a rear left si gnal ﬁllrresentl nq%ég sqund ms%nal ]% nlegat ed froma
rear |eft side accordi iy"FEU4E # g0 Yy augng the yound sigapl Wihd si gnal ;
generating a fourth sowmhlﬁecghs;aimplyfymgnh@gltaresdn.fﬂ@ps:hgml s@hﬁtacct@dﬁ@tt@i ned
DY amplifying a vear ¢l oy pif08he SRIES FALIORE RRUDTANE0RY ARIRLEL T,

froma rear right side acco ai novalae Wt
sound signal; and out puh¢ flhqeﬂhﬂghtﬂ@pﬁbam@bﬁgnélagmﬁmgm osgfiond ghisfvalueear

speaker and the fourth g’%ﬂ%ﬁnghg&%hdfsmlﬂ n%ha?b ki "t}?easfouﬁ@%?l&ﬁfthat[@ ai m
9] The 3D sound reproduci ng cl ai ere he outputting of the

sound signals further cOrReklsampitiving the lefidar chamel %gnatlﬁ‘é:olf‘ihpgfo%und
signal and the second s@uiifdl &iilghale ﬁw@tﬁ@lﬁ&ddﬁﬁdgfgnﬂ thaqabbt@me@nyhh@hfyl

107
3D sound. Fepr oduci ng el ROECEH TEPERRCBER R A RO B R GRS HE K. Sound
signal through the HRTFandonpri ses: obtaining information about a | ocation
where a virtual sound S&%Lﬁf[‘né életﬁ?sttggutllcpﬁgul ﬁﬁrgﬁgﬁgbeaker disposed on a left

side and outputting the second sound signal through a speaker disposed
on a right side.

[Claim 8] The 3D sound reproducing method of claim 7, wherein the outputting
the sound signals comprises:
generating a third sound signal by mixing a sound signal that is
obtained by amplifying a rear left signal representing a sound signal
generated from a rear left side according to a third gain value with the
first sound signal;
generating 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; and
outputting the third sound signal through a left rear speaker and the
fourth sound signal through a right rear speaker.

[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



20 WO 2012/ 005507PCT/ KR2011/ 004937 debgrm ni ng the HRTF, through which the
sound signal is transmtted, based on the location information. The 3D
sound repwoadoaryaegsoret hod of claim 1, wherein the perfor RCAEKR211A10493¢ast one
of the anplifying, attenuating, and del aying processes conprises

determ ning at | east one of gain values and delay values that will be
applied to each of the dewﬁninﬁﬁg&féHmndhﬁiugn&}h:ichbtase@hrﬂmgﬁal iseastmpre, of a
| ocati on of the actual sag%da % hocatl on of a listener, and a | ocation of
a virtual sound source. %%Cﬁl 47 PUBTRUCR ng met hod of claim 11,

wher ei nCtava 1dét er mi ni ngT}aft3De<asmirquedm‘mg metlgd|0ﬁclaahdewhcmlrtthepd&myngal ue

conprises determ ning a(;fahf‘eggtto e Rl érﬁ Zliggi ﬁteﬁ@z{t , A %gtéﬁoéé/ss lue

with respect to each of t |cate m ned val ue,
when information about GORPISSCERGERNISE atkféstlongp &?éla Va@ehmd dshayayahess thathe 3D

sound reproduci ng net haglode bﬁédﬁo]ehch%ﬁié%ﬁhcfaﬁé@ soaiedi N dedbn heast one
of the gain value and the g vaI i ses determ ni nq{ at | east one of
I

t he gain val ue and the UY&I° 18%0 ﬁCWéLi?Sﬁlfert%oé%Hﬂ‘il G listroer @pf Rcat ed
sound signals as an equactatmalotﬂa,v1mn¢§bunﬂfsommll on about the |ocation of the

listen LS t obtain nsi onal n r.pduci ng

appar aﬁgls COI%I’I si ng: Zﬂ?eﬁ? Oununlffdro (iu?l%%[ ?lé)ﬁi(soﬁ‘l alsrﬁglfs\glﬁer{%%éﬁ%lrégl t hr ough
a predetermned filter geneingtai kgs3Dess trecRapioysles pohidie dglay galye cpmgtises

el evation to generate ade“tédnﬁﬁﬁ%@tl%&&'t‘@ﬂe St ﬂl@%hm v%lde%lﬂh'tﬁéﬁél@mﬂﬁu équ\’“' ch

generates a plurality of sound gnal s

filtered sound si gnal raffpeahtmera?h %%@PW@@P‘&?O%S%W%W dsts aBz‘le | east
one of anplifying, attQﬂh@tlhﬂﬁmaﬁ@da&ﬁlkﬂl\éllﬁ@tﬂ@ﬁ@ﬁﬂﬁaﬁﬁenwffshlof@&&ﬂéd to each

f th | i cat ed ls b ad I
A e T N T N
outputs the replicated tsouinthgsit gmsl Secofi twhiathvate hebhe dellag velfue theaprises
o oot P it Ay AL AP nPLORE SRES RS RRETIRPL AR ARA | oua”

t he correspondi ng speakers e recording
medi um havi ng enbodi ed rerscielorpach elothp tapdicatpd @@rrﬂrwgr@ls agxeegudliygluehwheret hod

of claim 1. 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;
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 corre-
sponding 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 have
been performed through the corresponding speakers.

[Claim 15] A non-transitory computer readable recording medium having
embodied thereon a computer program for executing the method of

claim 1.



