;.23e(D'6XTnt OK -1 HEADPHONE REPRODUCI NG APPARATUS BACKGROUND OF THE
INVENTICN 3 0 MAY 2002 The present invention relates to a headphone ﬁ

# eproducing a nore specifically to a headphone reprodui: szw 2002
appar at us formmmmmwmmﬂuﬂﬂ sound inmage at a position away forma listener's
head. A conventio eadphone reproducing apparatus for processing sound
S|gnals to Iocallze % sound image at a 10jposition away froma |listener's
head will be expl ained hereinbelow with reference to the attached draw ngs.
Fig. 1 is a view show ng tressPRONEhREBROPUCSNGCAPPRBRATESSpeaker to both
the right and left ears of a |istener, which can be obtai ned when sound
signals are reproduced 15 through a speaker. Further, Fig. 2 is a block

di agram showi ng a conventionBACh@RﬂuNDneFr@HEodeENgIaﬁparatus, and Fig. 3

is a block diagr showi_n FIR [ Res gnse) type .digita
filter (a convolﬁf%%n Eﬁ]%ﬁla ory ownqgﬁéi 1lg mhé% s%%ﬁgp%%ne
r epr oducéd tm@p:gdndacz?ﬁgsammtm@ Iamxdamedea$pacpﬁscalb1n Tt aheardphyne

| i st ener the o] e 0.t er4l can

be representedé%ygg éiﬁgfggk gtp%agg%h 1 €§€¥?dn€ ﬁlgéd%% %ﬁ%§g|5 5

speaker 40 topgsiEi®neawamltoymaﬂdlhﬁtenﬁr s(hesh-t he speaker 40 to a right

ear 41R), respectiVelohyea iidHdiNeheabBnbhe teéﬂp@@unel §p a%&laet PRt us

as shown in Fig. 2, these two trans?er functions hl h and hr( n ) are

synt hesi zed VWP¥PCERPLRY SEGHBRS %a@ﬂ)a%%ptﬁtéfacek%egﬁ aﬁ@quutmt@ nékal@ 51.

A soundlonagepéeﬁeibﬁe@wlay theors peakers tihdrs' d hhsad epriaduces éttp@ﬁgae@

headphone 52 in pseud eaker. _sound reproduction n

above- nentloHEﬂrg P% Qszb htﬁ%f?ﬁﬁn??aﬁgfggefﬁ EFFB%@ Hf@ﬁfngﬁd hr(n),

. i mpul se responseSFig 61inhevhkﬁﬂSh&Mlh@n¢taﬂB§br0bhb@bhtEh&sh&b@ &xcnr i ght
ears measured_by use of . a ad or |J st.ener ted and

t he nmeasured ?n%ﬁ?%ﬁefegﬁoﬁgngy§E§ corv é@n#%%fcu? %egf ﬁqghgnﬁﬁbut

si gnal s by usehithacsngmhe qhtnxﬂﬁﬂrmmen|ao@edgﬁtgnhkpt@iesrgpabduced

ProcessiBg  through a speaker. Further, Fig. 2 is a block diagram

showing a conventional headphone reproducing apparatus, and
Fig. 3 is a block diagram showing an FIR (Finite Impulse
Response) type digital filter (a convolution calculator).
As shown in Fig. 1, when sound reproduced through a
20 speaker 40 located at a position is heard by a listener,
the sound transmitted from the speaker 40 to the listener
41 can be represented by two different transfer functions
hl(n) (from the speaker 40 to a left ear 41L) and hr(n)
(from the speaker 40 to a right ear 41R), respectively.
25 Further, in the headphone reproducing apparatus as shown
in Fig. 2, these two transfer functions hl(n) and hr(n) are
synthesized with input signals x{n) inputted through an
input terminal 51. A sound image localized by the speaker
40 is thus reproduced through a headphone 52 in pseudo-

30 speaker sound reproduction manner.

In the above-mentioned synthesis of the two transfer
functions hl(n) and hr(n), impulse responses (i.e., the
transfer functions) of both the 1left and right ears
measured by use of a dummy head or by a listener are

35 adopted, and the measured impulse responses are
convolution-calculated with the input signals by use of a

signal processing unit (e.g., digital signal processing
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3 0 MAY 2002 -2 unit). In nore detail, the input signals inputted through
an input termnal 51 are divided into | eft channel signals and rig?h
channel signals. The divided signhals are then 5 applied to a left MAY 2007
convol ution cal culator 53L and a right convol ution cal cul ator 53R,
separately for convolution cal cul ations. Further, the signals outputted
fromthe two convolution calculators 53L_gnd 53R are transnitted to a |left
channel 52L and a right channel 52R of a headphone 52, 10 separately. Here,
the convol utigp ggl cul ations can be expressed as follows: yl(n) - x(n) *

hi (n) yr(n) - x(n) * hr(n). 15 where x(n): discrete signal series of input
signals hl (n): inpbl 8ereedpdRdd f tbM dpeafesL9Bals reat1aq hrqusiulase
response from;spaakeerhonhighi £ Qiidea headphene trihnehadighalepnpduced
signal 20 series_yr(n): headphone right-channel oduced _signal series In

repr
order to exectt@PtheCkIMMST utd S cul at Pond o A4t PAPHELS rREPoniy

E)i e, tEanngbpf.Ltia@t itl@n%) ,l@@&h@iv%hﬁtf&?t?@%@aléubﬂt 6B% %34 and-iEIR nust
e constructed as nylti point. FIR digjta ilter 60 as shown in Fig. 3.
The. mil t1 poi nCORPRIURGFPa SRHFPAFERD | TN udBEPBHE tEdko! £°Tol S N TR o1,
mul tipliers 62atachaftdonesxecBtirtbecontbéusignmabd dlreputrped seromesgonserd h( ~)
to h(N) denote a_3 | ti plicati val ue), d der each_far. addi ng
out put s of thgoﬁﬁpgﬁgﬁfer%agfﬁlfﬁgng%ﬁgghf?gga?gﬂega%hg%gn%gﬁFg gb%ﬁbaa
appar at us condeftctbdnneldedbramid ahgrd bagnnied HERI ofi &aghaerdmiberk D2 When

the inmpylse regpapsggi(transfer functions) are

Here, the convolution calculations can be expressed as
) follows:
yvl(n) = x(n) * hl(n)
yr(n) = x(n) * hr(n)
15 where
x(n): discrete signal series of input signals
hl(n): impulse response from speaker to left ear

hr(n): impulse response from speaker to right ear

vi(n): headphone left-channel reproduced signal

20 series
yr(n): headphone right-channel reproduced signal

series

In order to execute the convolution calculations of the

impulse responses (i.e., transfer functions), each of the

25 two calculators 53L and 53R must be constructed as a multi-
point FIR digital filter 60 as shown in Fig. 3. The multi-
point FIR digital filter 60 includes one-sample delay

devices 61, multipliers 62 each for executing convolution

of the impulse response (h(O) to h(N) denote a

30 multiplication value), and adders 63 each for adding
outputs of the multipliers 62.

The conventional headphone reproducing apparatus

constructed as described above has the following drawbacks.

When the impulse responses (transfer functions) are

35 convolved with the input digital signals sampled at a

sampling frequency 44100 Hz, for instance, it is necessary



35 convolved with the input digital signals sanpled at a sanpling frequency
44100 Hz, for instance, it is necessary 3 0 MAY 2002 -3 to repeat 3? @gYS?UOZ
mul tiplications and additions as nany tines as 44100 in order to con

the i mpul se responses with the input signals for only one second. In

addi tion, when reverberation characteristics are 5 also required to be
reproduced under consideration of reflected sounds in a room since the

time lengths of the transfer functions | engthens, the nunber of the FIR

type digital fidtesse80 Bushybe wltelerua&%%aeedana Nigaithehe & Shang

probl emin that t e scal the 10 hardware used for the digital sign
processi ng unitimes \f KYALQH tin eleredif canitl iehetheal Teat s nr @FPPhgses

pseudospeaker ,sQuNdHeLRRARCtd Qs afctleaesiplfaprtﬁ@assem so far |
difficult. Further, Japanese Patent Laid en . 3(1991) - 250899 15

di scl oses a headpHdhea®&hEEoRici H§SRp PR %R ’fq‘fé’co%ngﬁ‘laé§0§>‘?trrla?tk‘ré‘o§d 3b%ind

i mage | ocal i zahisen %t;hlseaplﬁa coastraetb@iced N dritichr appasaesatieh e6ted

sounds havi ng dl%‘]:ﬁe?;en&a times and dif,ferez}_jt Si nal eve S ar ar med

oo ihe basi oogRarasiell (R U st e ding e L Sy Ehse o LA

signals are thﬁmﬁﬂdiedfmﬁ:fmi)aséxsgﬂﬁemgnahe ﬁhmaemedafbytmdirng thpe

refl ected sou%1 to t eouzj dgl%nal beThfe 1,t(:p:IeCI ed Sou &Is and the forned
a

crosstalk sig are he i npu jnal’s .- And, the added
signal s are reprodiged mwefpaeredemtﬂsy aorprtdtéldnefltn arth 25t he wﬂ:alsé de§ bhea
headpho In t Vet Jo) RLqd Ca s
appar at lr}g) has %ﬁﬁ% ZIIE‘:%%% £%§n§%%o g syste%éi ? ?QOE [S a d 1% :egrs
each havi ng dévgykyand@ il tthe iférSUl'Fw*e'hia*e'f Fhanﬁeﬂgﬁ@tngnfafsﬂa?eP$%‘#%d by

addi ng two di fderant,y 300R{ egb s by &f IREdEthaindss foseh h@o' £ht

eafs and reflected sounds for the right ears) to the iInput signals,
respectively. FEHItLt ¢ he right cross-talk signals are fornmed on the basi s

of the left si gnalps;xﬂﬁfé:ed Jdy0iede Padapht fdild e:rperarmbi hE( left)crossodal k
PLOreL s e oL 20 o, e, 0585 OLeblESLlh, SLa1aLa Ansaet syt
f or med cross tead’d«aargrmis agcaurfadt h igrckaed tolddtelizé%tibrMAYvE;DﬂI? simple
construction. In this apparatus, reflected sounds having
different delay times and different signal levels are
formed on the basis of monaural input signals. Left and
20 right cross-talk signals are then formed on the basis of
signals obtained by adding the reflected sounds to the
input signals. The reflected sounds and the formed cross-
talk signals are both added to the input signals. And, the
added signals are reproduced independently on the left and
25 right sides of a headphone.

In more detail, this conventional headphone reproducing
apparatus has two reflected sound forming systems for right
and left ears each having delay and multiplier. Two left
and right signals are formed by adding two different

30 reflected sounds (reflected sounds for the left ears and
reflected sounds for the right ears) to the input signals,
respectively. Further, the right cross-talk signals are
formed on the basis of the left signals passed through a
right filter, and the left cross-talk signals are formed

35 on the basis of the right signals passed through a left
filter, respectively. Further, the formed reflected sounds

and the formed cross-talk signals are both added to the



-4 input signals, separately on the left and right sides. The two added
signal s thus can be reproduced i ndependently on the |eft and right %i d@?‘( @pz
a headphone. I n addition, the Japanese Lai d-open Patent discloses 5 a@n h
headphone reproduci ng apparatus which has a single reflected sound form ng
system In this case, the signals obtained by adding the refl ected sounds
to the input signals are divided into two_gignals by the single reflected
sound form ng system In other words, the same 10 refl ected sounds are used
for both the ljgfduarddgrial, eabsrakdiiheh, thoerdef tarfNdiifrahls ie@ss- ¢akk
signals are formed on the basis of the signals obtained by adding the

refl ected sourdd® t374%f $HRALSI YT CAahrirgeRTIRA ¢red &%‘%@P?E@?n‘éﬁﬁ Phght

filters. Furthele 1dwet faidred gref | ecdes dH & aeadpladge he fornmed cross-tal k
signals are both added.tp the ipput _signals, separately on the |left and
ri ght sides. The t %%%’eﬁl%’?'gng& tjﬁﬁgnéﬁﬁ 5& '&p@dhcpeqjt‘?’hﬁeﬁéﬁﬂiﬂﬁﬁ on
the left mand rarghthest desadifhameh eagplodive. i nign applaekm twer dhichnhilkea single

conventi onal headphaone, 20 repr i rat u in.the case _of the left
ear, for instarr?gfgke%erqstzﬁ%}f qoﬁf%gft%%snl%gr? Is%énr'e (r)lr Jﬁgagtga\ﬁﬁi’cﬁgfeh%lgre}?ﬁs
refl ected soumdstaireeddied. adhieng efthecr oeslealtkdsi gmahdsarte t e f bnped on

the basis of t i t slgnal.s, . whi; th eft . ct S ds
added. The in[)s{}legﬁzagpésji gaflﬂaef;s%tlgu |dchl"tﬁhé) Ig?ﬂtb r%%?géégd g ungggar%ﬂ&gégd
and the |left creBleatdd sPuyrhl oG direten. nohawttey npardsi ghhessbetor e

reproducid on. JdeitdiSes Qe aral uheadphens, APRAAL US L anRgt F:E!ghitoéaéé.
descri bed above, however, since aC{)I urality of the 30 reflected sounds are

fornmed by chadtmiePem yehhel /it 874 i T arftF ehe S Yhaf L 99EP sabe £RENEApuUt
signals, the dideaheonalashieel bpg {i¢ ansfaiahacaaiArHest | 3) aB8iRet the

syht hesi zed. 1 n ot her rds,. the refl ected sounds are added to.the input
signal s as t héi?éree?t ts'r%‘\f’tdspFBVﬁEﬁ g st féﬁr}ﬁqtsetgi‘irpé@?'i GHal d’rgg??:ﬁgtf or
both the |i st drefit sahéf trigidt rfghtersrs. Hurtaddi t i ohe tfarnmerdssef dk&ted

i ls f i f fl f I
3 0"y Fo0. -mothds et S SogRR RFbERTaEls S RERa R R LOpORH SgRRLLE!Y
si gnal s to whitdte refiuse tsddnedind sepea adédad onl thet heftwendsrightr ssdesal k

ignals i f 1hnQf ot ey ' As
signals is nor{l}]ﬁ@rﬁw adarede'glgg A g E%Eﬁ%édréﬁ%'&léceée§19§8£>%¥t8%}{t1

aresult, in e conventional “h phone reproducl hg appar at us, ough the

sound can be Sohedtatlehf anf cuightea®ire? thed rkgrdRi@¥esounds are not

processed for eachifefberbed gowad, |tids thEs idWRReHEIR410 0RLabphane! ear
directional feeling to a sound source. In other words, 10 _there exists a

probl em4%h t hFACRL IBIHPY | BPRPTRFERr enl fP¥mSiFacthalPPodMAb's &%%r ofEed,
with the resulindtwice, reatéssliy c expia- begdaseunde magenddcead i wiaiconthannot

be achi eved. FEurt.her roblem lies in _the,case re phase contro i's
executed in sulceﬁztta ﬁ/S;ifeEgth hSeo%%(st efaf oanél %?Mem%eale:fﬁt Sh S?i—éf#é

si gnal s can besigrnadshatesl, then oraared oon g i bas bs sofindhé nhgeubussgdels
|istener's heaq, JiNGe {he soHNd LERgecbacablAalkl a2l a.be prde;
definitely, there arises a pro IJéjmin that the iregtiona fee@glgPugo a
sound s ce isstanaks ne® vprahr the left reflected sounds are added and

the left cross-talk signals are added to monaural input
signals before reproduction.

In this conventional headphone apparatus construction

as described above, however, since a plurality of the

30 reflected sounds are formed by changing only the delay

times and the signal levels of the input signals, the

directional feeling (transfer characteristics) are not

synthesized. In other words, the reflected sounds are

added to the input signals as they are, without providing

35 definite directional feeling for both the listener's left

and right ears. In addition, the cross-talk signals formed

on the basis of the reflected sounds are formed separately



In addition, in the conventional headphone reproduci ng apparatus, whenever
the listener noves his or her head, since the sound source Iocalizg%lgﬁ 00
position is also noved, the sound feeling is not natural. This resul Y%

t he 25 headphone sound reproduction | acking an actual feeling. SUMVARY OF
THE | NVENTION Wth these problens in mnd, therefore, it is the object of
the present invention to provide a headphgne 30 reproducing apparatus which
can localize a sound image outside a listener's head by synthesizing the

directional feelihg ({4apshel chasrRet ahbali ol @hed AN 8QUrGR, kapgpite
of small-scale hardware. To achi eve the_ above-nentioned_object, the present

35 i nventi on PEINRHEs ten HpsHr af a5l ¢eFeer EUPRG 238 reda@fdsountlr 8thest ener

be feeling asybfad SQUBHCEEBalk 081 gnyist Ual nseUNEraeEr €6rt BALNI BRIRAri |y
exists in a space 3.0 MAY_2002 -6 apart_fromthe |listener, the apparatus
conpri sing: de?aerEBRsSPRdBel BFRAGCEITFHEL - channel input audio signal and
a secondschannel asiputreaidito, Sigrak bynpeadebenti hedddabay repesdubingt
changi ng nmeans_f or_ changi frequency 5 characteristics, of the first- and
second-channe?p??ﬁﬁﬁuﬁud?ggg?ﬁ%glEh?os%?%ﬁef%?n?%eaoT?%aﬁ nghread out,
char act eri st iesch seforuhec hanfjiauratcassuids shangorg mogabdalefsr okathe
first and sec : el I nput dj I gha eferm squ vel s,
t he del ay neéﬁ%g%%gégﬁeé??ﬁgt_aﬁg %gcgkggl%ﬁﬁégﬁgﬁggikg g%g%ggtgdggﬁggeries
to each ot herdizedtieprbdierhdnaedds & o?ovPpr 66UEFRg t Ha fPERker madds,

secondcpgnnel ¢} Opdite,si gRals peaess el BYathe Lrly riRals gardethef kgl and

second neans as the sound that comes fromthe virtual sound source. 15 The

first changi P me&tdadayrPARI Ude HSPBERAPESS. fifier . thee predtht thatendi on

further proviges: setdppakatdsnbal WRald Ndmagyi nbdal isewidrbasaden ae

i nput audio S|%Qal,%§ |istener be feeling as if a sound canme froma virtual
sound source & EYS%Rgi narily exists in a space apart from20 the |istener,
t he apparatus conpiirsher; delraplerabiebolndetbayiary aheresphekanaehtirbput

si gnal d a second-channel input. sign b i.n rated fromthe

i nput ag io s}%n%ﬁ?c §¢%ﬁﬂae‘§$hfh¥ %dgkgf ?b%egsréﬁéﬁggﬁa %Fg&&&ﬁc§ke
charact eri stiksfof ande fighkt - sagdadecoah chenrglininmre®5 shgratdet oto
predeter m ned dLealplCy CBARACLAGES! LetsidRd LhandldieSaNtdgve! §10k! he
first- and second-channel input signals to predetermned sound |evels;

mul ti-stage deP@ySREafs Wede]r%iﬁfﬂgzaamrhe?a§ﬁﬁﬁalbesé‘ﬁ?&?%t dafipdirite

i nput audi 0 stgePd H¥ided! drgrobYeRliRr et etk nedraet aynadd Ebaﬁsnﬁoo@utput
nmuf ti - st age del ayed_signal s;  processing neans for delaying a plurality of

t hi rd- ch@nnel @ %TdsﬁgﬁﬁF% o) da%S%I%?gl?%?EBf f ourt h-channel i nput
signals, the thiroh sauh ot hrcRaenebniveptit csbgnakadphrong sepabatetdntr om

the ””ft"StQQ§p9§é€¥§9 % gﬂ%b%r Q%eaﬂgé%égé}ymgées his or her head,
since the sound source localization position is also moved,
the sound feeling is not natural. This results in the

25 headphone sound reproduction lacking an actual feeling.

SUMMARY OF THE INVENTION

With these problems in mind, therefore, it is the

object of the present invention to provide a headphone
30 reproducing apparatus which can localize a sound image
outside a listener's head by synthesizing the directional
feeling (transfer characteristics) of a sound source, in

spite of small-scale hardware.
To achieve the above-mentioned object, the present
35 invention provides an apparatus for creating a virtual
sound, a listener be feeling as if a sound came from a

virtual sound source that imaginarily exists in a space



35 predeterm ned delay tines, changing frequency characteristics of the
third- and fourth-channel input signals to predeterm ned frequency Y 2000
characteristics, and 3 0 MAY 2002 changing sound | evels of the tﬁﬂ MA-
and fourth-channel input signals to predeterm ned sound | evels; adding
means for adding the first-channel input signal and all the third-channel
input signals to each other, and second s_.channel input signal and all the
fourth-channel input signals to each other; and reproduci ng nmeans for

reproduct ng oubaut $LaRalke0l i faur th oeans. g chbecaauad Lhat from

the virtual s d "source. ajanbans a rocessin ans -may 1 ncl ude
a | ow pass fiheensi@ofofedhingong thestrehaeney dmmudceardist isggnatheand

appar at us nmay.f _ i i | ty @i er
pp Yaf s dbs bﬂgmlggsgngggngs&gdﬁgg@éﬁ w%gsd;% md (a8 degé

of the delay times of the f ' ay ti ~the secon ans,
and the del aytimags, CRESH ehangincharergans i sfPEs, chABILRE sdUREUYS V@ s 15

of the third fRaPEctdPesapBAr al4is thRY fiFdfer shacl sdeo.det echhngl meafud or
detecting at |east either a position, direction, and a novenent of the

> 0 P , a
| i stener. TheaEﬂéﬁgFﬁénﬁé§n§P Pﬁe?§§66ﬁépﬁé ?6eﬂﬁ€nﬁﬁt&&ﬂ&?ﬁiﬁﬁ%ﬁ?ﬁﬁs7
direction or geyenertharddrghasgas Mr beasyiagt Seunafldheigelrayhéimesof the
first nmeans, the.del a P%Lg%% of .the second_. neans, aEd t he del ti nes,_ the
Sy

frequency charatfer® Riethe T P YR | S1gRa ﬁethgﬁ?éﬁéﬁﬁﬂiQﬁg
BRI EF DESCRI PFbGhAOH eftdE HDRAVESGBeleg. nledrss t aadsfitie charsct endstdeasorid om a

Sbeaker 159 | fisbBL! BOSnG! OBRRRLSET Ral ISLENSL VHOD SOUDT SLANA s ke
reproduced t hrough thé speaker; Fig. 2is a OoCk di agram show ng a
convent i onal 86prheduphooe megmsodid MeRPPIvGing ; tegfigsits and eEcaticgr am

315 a'block I anTam ShBacng AP T PErCERBGa ont ol The neRshons: The
reproduci ng appAfEt G8dac@ItNhgred s has3sher &amad | thaht cemesFifgoms the a
bl ock di agram,;sbewkndsausacapdreahodi nent
15 The first changing means may include a low-pass filter.
The present invention further provides an apparatus for
creating a virtual sound based on an input audio signal,
a listener be feeling as if a sound came from a virtual
sound source that imaginarily exists in a space apart from
20 the listener, the apparatus comprising: delay means for
delaying a first-channel input signal and a second-channel
input signal, both being separated from the input audio
signal, by predetermined delay times, changing frequency
characteristics of the first- and second-channel input
25 signals to predetermined frequency characteristics, and
changing sound levels of the first- and second-channel
input signals to predetermined sound levels; multi-stage
delay means for delaying another signal separated from the
input audio signal by a plurality of predetermined delay
30 times to output multi-stage delayed signals; processing
means for delaying a plurality of third-channel input
signals and a plurality of fourth-channel input signals,
the third- and fourth-channel input signals being separated
from the multi-stage delayed signals, by a plurality of
35 predetermined delay times, changing frequency
characteristics of the third- and fourth-channel input

signals to predetermined frequency characteristics, and



3~On M~~(v289%~ 8 of the headphone reproduci ng apparatus according to the
present invention; Fig. 6 is a block diagramshowng a third enbodiﬁfpg ﬂﬁz
t he headphone reproduci ng apparatus according to the 5 present invé p
and Figs. 7A and 7B are graphical representations show ng the case where
the listener noves his or her head through an angle 8 in the horizontal
direction. 10 DETAI LED DESCRI PTI ON OF THE,PREFERRED EMBODI MENTS Preferred

enbodi ments of the present invention wll be descri bed herei nbel ow with
reference to &Hsnggkgcm%rld di @pbags o fi gnes tm%& Bhd " $osmedHEN. 0f a
headphone Z5 repr aratus according t present invention. In

Fig. 4, a heaépﬁ@ﬁeSﬁéﬁﬁééu@PnQrﬁéﬁéﬁéﬂa§e@0Sﬁ&§da1GWﬁé@t|@NGMHgnmeaﬂ§for

transfer char %Eera&éir&? s¥Rkhesi Zé Agchdmee di Keptitonsfghier =hd MRdel she
acoustic conponents included in the transfer functions froma_20 virtual

sound source HB83HREEPEBNEYI SIPBYF aSHPRELSI ThatRCho AThe Y i stefePeSaért and
right eass. AnHanhBe dimgeti @dghialt eand?2 =aynt RASI Zﬂﬁliﬂ@—@hél@@éloﬂ&iput
feeling (transfer iharacterlstlcsé Eﬁth | eft- and rléké channel S|gqgls
di vi ded from PHEDRISI gl s SPphi eB PRF6ugR™h iTRRE 19 mi REFPEL. *fife
acoustic conpaapmbsu&mng astputres cgmpbmert thier équenbymeanpoaenthe aachirgbund
pressure conponent will be expl ained hereinbelow. (1) Tinme conponent. (a

di fference |ntHPF|98We?|ﬁﬁogotPFoﬁﬁFﬁBaéoﬁﬁﬁngoﬁPeécﬁo bot h tHe | i%t!&¥er' s
ears) The ti Wﬁeéﬁ@’p@hantprloﬁ:e&ﬁhla@oliﬁéaﬁs omgaone@.tu@é the ot-pasisers ifiweat i on,
whi ch |ﬁocaus?d bE a dlffergncg gn %o%n SFFIV% LT Cpetmeen both the
listenefPs eaf8F PREPIIRI ELGsEFSHYCR<d| FREFERLE ﬂﬁ di“§t-ance from the sound
source 35 to bot hThheabpstrenes' siayarBir thesr efoeeydanchppgdpyi atensi Moxdel ay
i's adopted acggri0ggt g A2-A09l8 Ak USL A Cae1dy O M 2882 the first
means, the delay times of the second means, and the delay
times, the frequency characteristics, and the sound levels
15 of the third means.
The apparatus may further include detecting means for
detecting at least either of a position, a direction, and
a movement of the Ilistener. The changing means, in
responsive to the detected position, direction or movement,
20 changes at least either of the delay times of the first
means, the delay times of the second means, and the delay
times, the frequency characteristics, and the sound levels

of the third means.

25 BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is transfer characteristics from a speaker to

the left and right ears of a listener when sound signals
are reproduced through the speaker;
Fig. 2 1s a block diagram showing a conventional
30 headphone reproducing apparatus;
Fig. 3 is a block diagram showing a general FIR type
digital filter (convolution calculators);
Fig. 4 is a block diagram showing a first embodiment of
the headphone reproducing apparatus according to the
35 present invention;

Fig. 5 is a block diagram showing a second embodiment



_g_ of a virtual sound source relative to the listener. The adopted tine
tonponent is synthesized with the input signals. For instance, with Eﬁﬂﬂﬂﬁm%
to both the listener's ears, the transfer characteristics froma vir 4
source 5 to the renote ear are del ayed by an appropriate tine, as conpared
with the transfer characteristics fromthe same virtual source to the near
ear. (2) Frequency conponent (a differencg_in frequency characteristics
fromthe sound source to the listener's 10 ears) The frequency conponent is
an acoustic cOPPeReNthedidgHhe r285T 68ut Gt bpParwitiueh dscoauseyd B¥ the
positional relationship anbng the sound source, the listener's head and
ears. In geneP%?se?ﬁe%EV%QFsgg such a tendency that 15 the high frequency
band of sound is BigempalLd Bhbekadiiaearagshoeing e fuomd ke@lindkrsowrce,
as conpared th the near_to the sound source. Because the

s NPl

reaches the renot &% Per IRRAFY T e P Y AFEHSHT Thgolrjggt&ge

t he hi ghS5fr equesasgnbabdvehtitact eandt i cs of the 20 transfer function are
attenuat ed accor h S urce
relative to the ?}%g enerI\ %n% Ji;llf)ha{ig éﬁ?‘gé?f e %ggg}é%tﬁ%&ﬁ n#%q’l%

synt hesi zed wvkhé ¢¢1ee|wpe|restlgealsstéoer| msvaﬁcelsmprhheespeeﬁ ttbrohghl ef t
and right earg, l‘glgh Lrequensyi2anchar acterksbhcs of the transfer
function fromthe |rtua source to tPle renote ear are attenuated nore, as
conpared with the high frequency characteristics thereof fromthe sane

virtual pgource t opihRINEAIDESERIPTION SPUNHEPPRESHRAESORPEDONMENTS
difference in sound 30 volume tevel—fromthe sound sogrce to the fistener's

ears) The sound predsefEed FRRRIETICRES M &MU AEESTIPONERTIG e 1t PEnsf er
function, whiddstsibadseatetyisbslddhenente e fmaite/oluoTe theveb;t thlbakd s,
caused by a difference in distance between the sound source and the ears .
Ther ef or e, 35éf%‘%lﬁl%?/el of the transfer characteristics is increased or
decreased accordifiggt o 4 hestaowyd e aand idisst aeododfimend: oF 0 aVA¥e2@pRont0
virtualy sound soui &&cméaagggrge LhecLbshens’ corfle bBEsaAkUShGd RouRd
pressure conpone IS synthesize nput sighal's i nstance,
with respect In Fh@ | 4t andeaqphonreyr seprpdusdngd appapetpeyvél oaghe

transfer 5 characterdsticgiitom theavirkyal SQHéﬁngQ t henLeaRke r8@k 1S
reduced by an apgr opriate value, as conpared with the sound vol une | evel of

the transfer SHAFRRSEFIRG; cs TRONPiRECEARR vﬁfjt‘i%lf 6urRFIR S t REONEAE Cear .
By use of .t hecamemeenest iifachddy earaceHst i erdis conponandtiondie Adansker
characteristics fromthe virtual source to.the |left and r h% ears _are
o hecfloa WiRttRh shge EPURGrs SRt ain) ST o | IRE Py R e e
of the i headphortes IBheregfer'es et heatiphgiet eeprsodudindg apeadatestion

I ncl udes del ayj ng. ci %u'sty?} %rs1%d§' LR8 WNeddeTRnkd CAIPPNeOt (@l R8er

transfer characterisfics
characterlstlcs) w1th left- and right-channel signals

divided from input signals applied through an input
25 terminal 11.

The acoustic components such as time component,
frequency component, and sound pressure component will be
explained hereinbelow.

(1) Time component (a difference in arrival time

30 from the sound source to both the listener's ears)

The time component is an acoustic component of the
transfer function, which is caused by a difference in sound
arrival time between both the listener's ears, that is,
caused by a difference in distance from the sound source

35 to both the listener's ears. Therefore, an appropriate

time delay is adopted according to the angle and distance



characteristic changing circuits for nodeling the frequency conponent, and
“sound pressure changing circuits for nodeling the sound pressure c 3@&3@
on each side of the headphone. 20 For instance, to fabricate these i
by use of digital signal processing circuits, these circuits can be
fabricated easily by use of a direction filter 12 having two delay circuits
13R and 13L, two lowpass filters ( LPFsg)l 14R and 14L, and two nultipliers
15R and 15L. Further, an 25 IIR (Infinite I npul se Response) type digital

filter of snBll 2Seakehar AUARR GRS USELh 8Svd Neol eWepass thilker s. THED Fig.
4, single-channel input signals are applied to the direction filter

through the PRAPRTCHer hiRaI SOMRNGHen i vEHBENPREGS ef ¥ ERanTR? §F§H§Fs and
right- | channeglgﬁgiegnaﬁér 1&@1&3{@ Velith Eﬁ@bﬁ&&t ltenb@f?h@%tlfi%;eﬁmﬁh ”
signals are divided,is omtt re. Inthe direction fil t he del ay
i PCui s 150, SERE" L AEe: AR P TR AT T R CAeT - 5F B CBnRaGEua s LT ee. T or
t he | ef 8 chanoeltheFuemote, ddﬁaahﬂzﬂexny@mlbylaﬁ abbeobPE a3’ tdﬁeznubthe
mul tiplier o] t S f a e t and
right channe?ghggna SQ§§%1§Q1 cﬁ%éféﬁléﬁaéggt%ﬁggﬁbgg @%ﬁhdgﬁgy Sreuits
13L and 13R byIEUpﬁeaev§Cﬁim@dthela$8E|e@rrespectlvely. The frequency
characteristics g t he dﬁ edsignals are ghgand $ the LPF 14L and 14R to
predeterninedfreg éncy c 5? CEBRFY sTPTROVTR p TV %%e?fﬁt%ﬂa,rﬁqﬂﬁﬁﬁ?fayed
and changed channpelesiightdks drenf uthdesochdngedidng heo mthei @dlisgreniest ' sand
15R to, rede%? éned sound vol unel evel, respectively. Both the del ayed, and
ev

frequency an changed i nput S|gnals are transmtted to a | eftchannel
16L and a ri ght €henfreéquercyfcenprizeiphdfe an6aconespeceburbyenh ehethd reuit

confi gurati 0RrahBeeer defu Qe Seyhgsnconnect ed delay sg,rmﬂotsﬂ@ilonélhe LPF
14L, and thenultiplier 15L, and also 13R 14R, and 15R are not limtedto

only that asTShahAoPShERgeMPNgs YThshFAE heowhee sehes 1istensacsedread

ci rCU: ties aéﬁdseaarsat edrd n;fe,rﬂfgml an&éﬁét@hﬁ@ﬁgl suchUkt Rehdenks rteﬁep@d ct Idve
si gnal _processin de uenc racteristics nd ,soun
ol o8yl ) ERPr e et REEA"GH PRESHEE| SOUTE (1 DO TIOHE Mt i DD
bet ween the eartnahoseuﬁdomouheesamndtémﬁi&est&gmnomgﬁredr tExpleaimed.
Furt her, R i f ar a h S d.14
andfurther tﬁeg#oF&%B%gH%#é q(ﬁé%ﬁé§flcﬁ%§%gge %P% ggbgpta%%ki%%?gﬁﬁge
scaled, it i%epossi bleertoafdte! theyswindpraesiee canpgnént§h@f betedd £ he

channel s, W HoubeU3bN0 ALY 3G %Eghlu%ﬁ%y' BalRr Uil das 98 Idiedgbove,

t he si nals can be re uce rou headphone vin
di r ect £8nal fééPPﬁéeFr W‘F'ﬁéovl&ﬁ%aﬁtweﬁ)@ﬂ@?r@%@aﬁ@dtbﬁt%ﬁ@@ an

thelistener’ gibeadret Gt hard si,epehas |&bin@NGJUrHY eanst30as gorasidt,
when t he heagghone reprodqglngpapparatuslo aggordlqg to the present
en

i nvention i sTuS&EG eFhe 14Y Ba FENUAEE] I HRIWICHe COBRPISRES: Fdtind
froma directynnhésazedrmuaﬂmsﬂumdlsputcelbneahed on®S|des&becbeadujunother

wor ds, sincera BRIl SOULRE eler dua RR0UALIIR0E,) RARISHE JRaLel ot @

posi ti on away omthe | rstener's h d O?S|nce a ‘pséudo-s
r epr oddét i onchanapéeadhitéeed ofhéhei @ren@rfe@arfuemtgym Her ame pgrhsd wsletk usdlund

for many hougg,rcd QON%MeZQ%otéZew Dot l%%'e%%a@é‘ah At JuRd.cdmpidhes . in

t he headphone reprod u0|n%bd%Paratus according to the present invention, the
transfer chavVagbetitsti PRIGFH HeRFreeter i itige thpueosi gaars the

same virtual source to the near ear.

(3) Sound pressure component (a difference in sound

30 volume level from the sound source to the listener's ears)
The sound pressure component is an acoustic component

of the transfer function, which is caused by a difference

in sound volume level, that is, caused by a difference in
distance between the sound source and the ears. Therefore,

35 the level of the transfer characteristics is increased or

decreased according to the angle and distance of the



5 by the direction filter 12 having the delay circuits 13L and 13R, the
‘LPFs 14L and 14R, and the multipliers 15L and 15R It is thus possible to
synthesi ze the transfer characteristics (nmore approximate to the &dt ¥aY 2002
.transfer functions) with the input signals in real tine. In 10 addition,

t he headphone reproduci ng apparatus according to the present invention can
be constructed by use of smallscale hardware of sinple construction

el enents, as conpared the conventional apparatus for executing the

convol ution Al igRnPlsdliect Myl seivespenses. 1% thracondagapoghaent
of the headphone reproduci ng apparatus according to thﬁ: $res nt .invention
will be descA®RFirt SR RYSHIH T SWRME Y o Fi OB P h2eReVaERubPe
perception ofimpsowignalrge Gobraisetadceouwieh rhepecexitst thenkenf hhences
of the reflect,eq_bsound 20 and the rt%verb r%ti ogewi :Lhi n.a %gom her e t he
sound sour ce ¥ osF Ghed “n R4 ofCt8 Phel F¥PLuehte BYCa GFFPef&hce in
di st ances bet whair ddteersiciinicb ss oiraye @l thetuab sostemetd thearsmoteréher, it
is al so possible t e ni . r sitio j di t room
i 26 onpi i odil eS| &%, 2ePEURF BRY' PRARRS s bop A RE % bl

rel ati onshi p ssetrvesp e Levalsdf echmdrans fiegophssasderis tdidsef raor the t he

reflected soyndd R,:3-£,00M EXEFES @b GEs@ind & | MeAce upon the sound source
recognition. Therefore, in the case of the extra-head sound i nage 30

| ocal i zati on by &¥headfBone@f t hENPef | IR UMLK r t $PESGr ea®CPHRETLiENCE

upon t hep SOURKhriHHeG LS LGOIt ik f Th eftef i Cce et SOMEr & I €61 Opatubeel i ng
is provided for the reflected sound, sound source, can,be reCOﬂnLﬁed

.the
nmore easily RPUIRS G%i&fetetisap eFé\gglte?aFﬁ Phe S¥RERASLABGAIMERL ThEn
assunpti on t haipw ilgndls sepadaselrcenexhatseft and adyHtawidgs of the

reverberation characteristics,. a he hone .reproducin 3 MAY 2002 -13
appar at us Zoq}eéadfpmee's &%‘Ffr&f‘togg ’s%g%dgegggﬁgﬂgvgéﬁr ?P%%Fgoﬁ‘%f a?%g\‘lisng
from each vi rtQualincdamesal detfl@vhiaoicgh thecuidisendprs msadeling adbet i bhmeo t he

di rect fﬁgnﬁi@glﬂ&%rﬂére&fi% fa%ﬁgﬁeér%rﬂe%c aféf%@icéounﬁréggéﬁe to

both 5 er’'s ears. Fig. 5, sin annel 1'nput sign a%pl i ed
t hrough an i rfhATaekey el i@ changigioyCdegui i of endcsiegridls thenéregueneyt wo

di vi ded si gnalgmpshaiven 4 a shueet i preddbter drddQieg delayuitse fsrand
then outputted as the direct 10 sound havi 2% di recti onal g]feel,l ng to both
the left and TIPENGADS FANE PIRESHRR £O™MRPR e CPaSECEr Sifle PEr Ehe

enbodi ment. THwaddHwie of the two divided signals is given to a del ay
circuit, 22, and then putputted as fti.-stage .del ayed_15.signal s (the_del ay
(s B8 11 1o URE THECRUTE! - Soadd aRy e Uighal cor b IpptRed 1 oF
direction fildigyistdR2(¢ilgndb hMcddsimspeitcwety, Hmese henroufipsat ted hs t he
refl ected so egg;ig I i ectian fedal.i : f ad right
ears, respective ]Sl &]I?%‘l?%glgaég {5%% %g §i r%ielcxftél(il:(;ctrlzL I %%%Q%Z%?Oh?gggg(t N)
corresponds tWwa Keldy edricodthsi L1BBrand il Fitye AovwEpesgefiléger 6FPFRe

signal processifGn@liugs Grdehad WuTRiphlieddeensyk har asteri stikgderandnsound
vol une | evel) of these direction filters is decided on the_basjis of each of
t he dir%%tio@§R (Infinite Impulse Response type digital filter of
small-scale hardware can be used as the low-pass filters.
In Fig. 4, single-channel input signals are applied to
the direction filter 12 through the input terminal 11, and
then divided into left-channel signals and right-channel
30 signals, respectively. Explanation of how the input
signals are divided is omitted here.
In the direction filter 12, the delay circuit 13L, the
LPF 14L and the multiplier 15L are connected in series for
the left channel. Further, the delay circuit 13R, the LPF
35 14R, and the multiplier 15R are connected in series for the
right channel.
The left and right channel signals are delayed by the



25 of the reflected sounds. Further, the direct sound and the reflected
sound are added to each other by adders 241 to 24N for each of the left and
right channels, and then given to the | eft channel 16L and the ri §itMAY 200
channel 16R of the headphone 16, respectively. 30 Consequently, it is

possi ble to reproduce the direct sound having directional feeling fromthe
virtual sound source to both the left ang.right ears and the refl ected
sounds reflected fromthe roomwalls. In other words, a sound imge can be

| ocated outsi ag;%illicﬁfi e d heat (& 3 %hﬁg‘%&é@@ﬁniﬁe@oéei%a%ﬁﬁei nsi de

the listener's » Wth the result that t i stener can hear the Sound
as if 3 0 WMRsIEgUZvely + hBhetFRAVRI @Y gareratt&®r It irs afndheodetaved

posi tioned Wididxia %%nbhaﬁ%;aa reVveRberst 1011, ehar 8aRetbShiESe tEBRLHES
since the direction filters I2(tQ and 12(tl) to 12%%9!) can be _achi eved by a
of

si npl e el eneftraIHeHe CRETERECT 1§AESH | OFEFPREREY FFYTrtperyhethe
appﬁr aL Us cam&%y@ﬂh%&fwﬁm@g@ﬁ ehenakls g&bhaagaheehangwéie. changaapﬁyi son
with the priaor art hea one_ reproducing apparatys as, disclosed in. the

af or e- nent i orfetf Iﬂ&ljet?ﬂpdﬁirfpﬁ i %éﬁ’i %QNEBRB(EE?Q@BQ%%@@EWH‘?&%% phohgte
reproduci ng I@wpanaiditecdisidiey Se@sich etthodateante@c candi figedoehbe pnésent
invention is v d the follow n Sf%z%teur S; n‘sl'xt;ltlatgiﬁaecég)o% fig%gad

l%v%l— %da V\'iet nput ll na by
12(t0 synt hesizes tHE S ansF 8P ShaT weterT stics betWeen the vitt dal ~ S0

source and t lEhdrnrstlenkdL sahdf ta antght ghhasard iGFh ofieal dfgadpmhei bt 15

channel, si gnal & ned, by dividing the input signals, respectively. On
t he ot he§r hand, é{% direction filters 12(t1) to 12(tN) synthesizes the
respective transfléy WRaciEcaiitscpasigurendopef tbet egdesuffsthe speies-

| istener's | efdnriistkdd ge 12, cassroiih thes) eftne ander i ghirchaspel shanal s
each obt ai ned hy divi di ng each of .the _reflected squnds out putteﬂ%l?tl)glgt he

del ay circui "WXirligg e 15004 3Rne 1A8s t 2dndoRi §hE- BRAn £gnal
25 outputs oftd hmidi reett @ hicker ih2(tg.t @ hbelbagt asatder tgbt sehaasel
20" 3 PUitle o biam e 420! Uptespest el s R0ty agger
| ef tand ri ghtcherawied. sFgnaheout thi srexfpddieiwl sdgtniadnpibbeesing values
(delay time, frequency characteristics, and sound volume
level) are determined on the basis of the positional
relationship between the virtual sound source and the
20 listener, as already explained. Further, when IIR type
digital filters are used as the LPFs 14L and 14R and
further the forward direction coefficients of the digital
filters are scaled, it is possible to model the sound
pressure components of both the channels, without using any
25 multipliers in particular.

As described above, the signals can be reproduced
through the headphone 16 as sounds having directional
feeling from the virtual sound source (located outside the
listener's head) to the listener's left and right ears.

30 As a result, when the headphone reproducing apparatus
10 according to the present invention is used, the listener
can feel as if he or she could hear sound from a direction
of a virtual sound source located outside the head. In
other words, since a sound source (i.e., a sound image) can

35 be located at a position away from the listener's head or
since a pseudo-speaker sound reproduction can be achieved,

the listener can enjoy the reproduced sound for many hours



3D 12(t2), respectively. This addition goes on to the direction filter
’12(tN) And, the left- and right-channel signal outputs of the addfﬁhﬁﬁq
are given to the left channel 16L and the right channel 16R of the 002
.headphone 16, respectively. 35 In other words, the directional feeling from
a single 3 0 MAY Z002 -15 virtual sound source to both the left and right
ears can be synthesized, and additionally,different directional feelings to
both the left and right ears can be synthesized for each of the reflected

sounds. As ategplk, bbEn oeg%gggego obtain a clear~directional feeling
of a virtual soun sourc in addition to obtain a realistic extrahead

sound i mage | ocaFRE&DPESN fé@“lﬁf%w headpRONE st EREEORELE NFe ard BRP BHEHR

within a spagiabrgeugd fts! dt?n'éCh @a&e@éhect Wak draBn, 10 EHEt helpaddedhe
case where the input S|%nals i . the sound source) are stereophonic

si gnal s, thecﬁéﬁéﬁﬁ8ﬁés éFPo8aRi RE §§B§P5F6§e§3“Hé%bﬁ?ﬁbdﬁﬁﬁiﬂ?%%?a s
Cﬁnst r uelt ed Bgr +HRC I3 iGhaviein ofi ttwer sitpnef)@m@l ehlﬁnﬂé'&asjl @1%4?16@'@5 exgcut e
the siml ar proces S tively this cas 0

di rect soundaQ d?bgflgEFeﬁﬁgguhég éééhfﬁﬁyl?ﬁétﬁﬂacﬁqkﬁﬁﬁ S e

both the |isterer’ SIhefisanﬂnmagpbseab$ecan>beymﬁhbh&&mzedhéortm&nﬁfer
channel , andFBhe S nthe%lzed SQun nalsi$%e %5a@gg1t d to the

headphone Fg Fhuglgo§§Fble to I 97e wo "soufid Pﬁ%gé?xﬁﬁsdﬂ55|de
the |istenerfenbeadnsndevithcetientinpudr esppoals foel ingplcomdmei.ons.In

Furtheps I n LRG;EIZG Oftfmé Hegéﬁéb%%séé%ﬁg%d%%fﬁi%ﬁa@{@ egéc&MI gp

channe of Input signa Zze sound I nage
channel of tkbei ppEEeRS $PYRAILE OBUESPdRSt KENISTIUEHESE dihawme WE hsmarﬂel—

abovenent i Oneea@eaﬂebehsréecpf edW@i1R0caRBR-akYS ob 8YEMEA 5O agatdnirddie
channel s of the i nput signals. Further, it is also possible to add the

original sighiPs SORBEEYECNR EGRRIPATHD 19 PrECEEIRE ShendWM v Eeen o
transmt thecad@eda&u@hgl@ftthhem@ea@@heﬁepoh@e@hls nethod it is possible

to change the soy nd_image |l ocal Lzation f CCO to t i fference
(o chagge the soyndoLrags, | ZeRLazaLien LFoling desordion tedhe Bt lerer
signals. 35 Epphhampsltacsoaﬁ$ngpd&s|hh@ t prebange fheestind iwhhe be
L oe e ogREF PR SRS R SRR i poRrapl s £l opel processi
In the actual perception of a sound image or a sound
source, there exist some influences of the reflected sound
20 and the reverberation within a room where the sound source
is positioned, in addition to the influence by a difference
in distance between the sound scurce and the two listener's
ears. Further, it is also possible to recognize a sound
source position by deciding the room size empirically on
25 the basis of the room sound and the relative relationship
between the room size and the room sound.
In other words, the reflected sound in a room exerts a
great influence wupon the sound source recognition.
Therefore, in the case of the extra-head sound image
30 localization by a headphone, the reflected sound exerts a
great influence upon the sound source recognition.
Therefore, when some directional feeling is provided for
the reflected sound, the sound source can be recognized
more easily by the listener.
35 Therefore, in the second embodiment, on assumption that
a virtual sound source exists din a room having

reverberation characteristics, a headphone reproducing



-16 localization feeling inplies the position of the virtual sound source,
the room node, or shape and size of a roomwhere the virtual sound source
is located, etc. And, the signal processing values to be changed ar®0 tMNJ8)?
-of the ,5 direction filter 12th to 12(tN) and the delay circuit 22. In this
case, the nore the signal processing values (delay tinme, frequency
characteristics, and sound volune | evel) 3gre changed, the nore the sound

i mge | ocalization feeling can be changeé precisely. On the other hand, the

10 | ess the t Si essj es ha , . DI e
%%g%%&fs B% kaea%gaggg |_§%i@ge&§l§a s8lLeashanged ﬁ%\gll,tqgon

t he apparatus cConstruction can npl i dto that extent. In a ,
when the si gREirosrdeass dgaldngedrarecerangedt ¢ hdirdt yalilt tosbpsssthee to
obtain such an afdeat Asedfs! hensaurd tiRgecetge MV rRgt Kouhd hhadin
enbodi ment of_the present invention will be described herelnbeIOM/mnt%

reference to%EGCHONT HifH the e e rereital mmeral Swhave beeheth

retai ned f or tigmllidytealeammnteatayvi ng the simlar functions as with the case

of the headphone _reproduci ng apparatus 20 .sho i,n Fi.g. 5..20 headphone

r epr oduci ng appaFQtE%930§h§g' ?ﬁ%%ﬂﬂé;ﬁﬁﬁmﬁgﬁégFEQ%BTpgﬁaegAgﬁﬁ?VggIer
32. The headamvempert tdeimdeidr 231adet a¢vsdeheimbvenwvot sofnkhe.l i Ghenef' s
head to which,the headphone .16 .is attached; that_is, the head ro | onal

di rection, t%gehégﬂjrgggfggﬁ éﬁ'rgﬁj%t%. g%v$ﬁe1§%t%cpé aries %?%ker
transmtted tQ(thy e@tdeldertime g?,a@U)ahaa. ohttpbuaed tdie tyedenécof the
|l i stener~. s head be al so_cal cul ated by.the caontroller 32. On.the basis
of theﬁﬁ%vengﬁﬁnﬁ?gFﬁénPié%@ﬁgFlgn eag,e¥ %gdgﬁgngf§Pe3ie%ﬁaﬁﬁgsr%%%%
signal processinzg ¥nl udse ofsa3® awdgl s ciwddtizt tRBe, @amsk diofecthen fitser
12(t0 to 12(%Nb&d%$ﬂﬁ 1 a way that the sound inmage can be noved by the same
nmovenent rate in the direction opposite to the novenent direction of the

| i stener's head. Thige ®ieRr nBfedft Q cdivided isdgfedd dbel g4 Vel [tewsa 35

Two ul t rasonid%l%?“é@ﬁr%u@‘tezﬁ“, SRS QGhed R ity bgfﬁm@ﬁﬂ-&g?é gegge@f the
headphone 16, and a detection signal 3 MAY 2002 -17 oscillator 1s

di sposéd at @ignedet driienelelpusi tinds adrg £ ofit figy)l-i stBrermsl heasitadhe
oscillator transmts detecting pulse.si.gnals.to the t | trasgnic,sensors
at control | e§® Fﬁ@ﬁg??g?ﬁgsoggﬁlFBPE%EPUFPhé%rF?%ﬁgﬁi?glgegsdg?égﬂ?n Opulse
Zi gnal trans:n’zt( i Ise%ﬁﬁ@é%ixﬂflﬂﬂ,e @ﬂ%t tpéhebul?cgmtbé@@n deecoie/ i Rgf 1deted
etecting pul se gnals, . the lett and, right_ultrasaqni NnsSors. out put
detection Li ﬁ&u&ggnSFs?& BePRRUCo SO PR SRR 4 SeRTDRAE herE B
represents whraghtti emrist, iresgpteathivetiyeach sensor receives 10 the detecting
pul se sjgnal. Upgn receivin he detecti ul_se signal transmttin i gnal
from t%lé)gosci | | a?‘&rreanc?q%g%}et@@?i hr??}o‘rgogi o Itsrf%r gr%(t%g ét&slcér(sth he
control | er 32otekrsponds ttonehdi dfeeehten bet een thefdEtiget kng Puxtskees) gnal

transm ssi on C i fts i C b e
osci |l I at or aﬁggghé§I€§% %ﬁﬁﬁ%? q%ﬁéfﬁégﬁ%ghﬁﬁgghgéﬁ%%@nﬁ%mgég%%gi?%%$§ or a
di f f er ence i shdireciesd sdiaseeantheowrdivoune lavelhefl thesandireghiori des

of the headp&@&%eréhgscg@cri%ﬂéderor; b&{é Gl %feﬁeaté}? dead & o Atdopi ahgl e
based on the detected di stance or di stance 20 difference.
25 of the reflected sounds. Further, the direct sound and the

reflected sound are added to each other by adders 241 to

24N for each of the left and right channels, and then
given to the left channel 16L and the right channel 16R of
the headphone 16, respectively.

30 Consequently, it is possible to reproduce the direct
sound having directional feeling from the virtual sound
source to both the left and right ears and the reflected
sounds reflected from the room walls. In other words, a
sound image can be located outside the listener's head (a

35 sound image is not located inside the listener's head),

with the result that the listener can hear the sound as if



Further, it is possible to detect the three-dinensional novenents and
directions of the listener's head by di sposing an additional sensqr A

anot her position (e. g., the top) of the headphone 16. Further, aé[kﬁ Y 2002
novenent 25 detector 31, it is also possible to use infrared sensors,
gyroscope sensors, gravity sensors for detecting inclination angles
relative to the vertical direction, etc._jlfe controller 32, on the basis of
t he cal cul ated head rotation angle, changes the signal processing val ues of
the 30 delay ghiCWdud?, wakd tdenhdded s ChyCu t soubBPSso@ite ”’bets'i&li'd?fe% of
the direction filters 12(t0 to 12(tN). In detail, the controller changes
the signal pr¥&EBaPngavalifed i Py dahReeTPeRat helc aFRGraCiHRd i&HiSEssi ons
and the set valefede! g5 RLACENBCEAALAAcHO AiNGek! ald Yl oy Qi ayl 35
the rotation angle both previously stored in a nmenory the contrldl l'er 32.
The sound i may2(tiysceanbbeaabiededyby 3 Dimgie (et thee same aottdtd on
angl e of -t he pn t diectj on posi.t.e a t g ona
directioﬁ on ?%gggg§¥§n§?£%h§rca%%quté%i%éaggroﬁgkioéggégﬁgggFggé? ?; and
7B show t he caseswheFéethby| Useepér SBaféagcsles NaE@@@ By an angle 8 in the

hori zontal directQnsohPaFifon iy tR Mid th#alors Q4R HEAWLFR HeS rk ialg @
point Arelative to a |istener 33 having the headphone 16. Here, whenthe

| i stener's heBBPPEakBFed®By FHECEPRAS &7 n T RECFEoHERATIANSStt Fotent
shown by Fig. agpiibatiba 48.case9of )thgoggnyerheonakdpppakatrieprddiRing

| ocal i zati on g0|nt A of Q§g¥irtual sogna,source IS ved to.a point B
accordi A to ERBARBLHSNDY RSN REPEGLRRE ?ﬁ%oﬁggﬁgaY%éu§ﬁE§f%ﬁ?ﬁing
to the presenini-anenbhons bovevded whehl ahal fpaflioanngoifeh threfs:t he 15
virtual sound source is noved by the angle 6 fromthe point Bin a

direction opposit 8o dtRECHICEEtl RS et {l? FYrHResiseenthes tréaFiar e. |
the | eft horizpakrabtédiriettcen bettm@enheheoiviirfB)al ASo@nd esdlircei &nids the

possi ble to keep,the | ocalizatiaon point A of the virtual _sound .squr
unchanged 20 gngﬁEeﬁan?e % ﬁ#&nﬁ%%ﬂkwﬁ%f? %&ﬁ% #?etggfﬁfs gﬁeF¥§§%ﬁwes
his or hér headanhhé editgre-lzeasbtaiostd zhyi ddvidsing orhef ithphetvisditoma lssound
source is kep&egggpgggggyand thereby the realistic sound inage | ocalization
feeling can be realized."25 It is thus possible to obtain a nore realistic
extra-head sound Omagtd osthezahiaod,f eglié ngirButtiber ,filtedsi 120r, )0 Hcde
listener's head novyenent, the posjition, direction and novenent of the

listener's body(Faaf¥Peheg§ithe The ARIPYTUNE SFss CafPFe aFdeeddd By use
30 of positioss dheecidflected mMoeENttdetioet Distehart 8i teG@8sendsivietht he

sound ignage | ocalization feeling n_be change ccor di to.th Qsi tion,
di recti gﬁ and®fbve #P tor}?e t%ﬁaééﬁ i Sf’gnlé%?eh}g‘t%“%%gs? réa?sg eoabcfhaio‘r%’t%olrneed
realistic extbz-tHesdddogneachagé ltbeakefaectrdf sebindg. outputted by the

delay circuit 22.

‘ The adder 24; adds the left- and right-channel signal
25 outputs of the direction filter lZ(tO) to the left- and
right-channel signal outputs of direction filter lZ(tl),
respectively. Next, the adder 242 adds the left- and
right-channel signal outputs of the adder 24; to the left-
and right-channel signal outputs of the direction filter
30 12(t2), respectively. This addition goes on +to the
direction filter lZ(th. And, the left- and right-channel
signal outputs of the adder 24N are given to the left
channel 16L and the right channel 16R of the headphone 16,
respectively.

35 In other words, the directional feeling from a single



35 As the position, direction and novenent detectors, three or nore
-detecting signal oscillators are disposed within a space where th? I@Eﬁ@er
exi sts. Furthernore, 3 0 MAY 2002 -19 when four or nore oscill atgr

-di sposed on the nmutually different planes, the three-dinensional position,
direction and novenent of the listener can be detected. In this case, two
receivers are disposed on both the left gnd right 5 side of the listener's
head (or the headphone). And, the position, the direction and the novenent

of the |istengsrg;DpdyohighabbyBchOtbh@oth il 190UNdLRPUF £6nEaBaPE dglhect ed
by a processor. The processor calculates the respective receiver 10

positions (i.ke, symEhesdizaser' 8PPosF4d O the Bdfierestt + Adrpediengds

(coordi nat es)s&d1 {hes ded efdrPRhel gB2k asgitigiOlcsard idd a3k WpheRegachka
detection signal is transmtted by the correspondi ng detectiqn signal

oscillator, aRF tPAENaCIWNFRR E5EH SFSCECtTINIT gnalts s2 15858 di-vel® by St he
correspofdi NpdREEH Ve to Bbtain0aessesar tditreobi Gl MeflOig cimengitrheaal

receivers, vectors indicative of t(g .léi steper's. direction,obtained, b
fotating ihe SRBIGrEORHERGTR ALY QBT VET S by o HedP eBs T SURESRS FRSRFThe

l'i stener (eadiead dpound betgeedothéirespect ifeeldeceiacers]y 2het distheneirt ual
sound Source-wﬁ‘é”hééﬁcrgg gno‘ifxﬁde’kbi%ﬁ S 301290 et ween 4 e b skeagr and

the virtual sound sour asi's o n 1 nner product of the cal cul at ed
vect ors bet westitudle yexpective receivers or the direction vectors and the

vector petween the, lipiener, (BACR-BLIPRLAL HSL WEEN 231 IhRIILIReEt] Vene

receivers) to the virtual sound source. When the above-mentioned position,
direction ancEHHVERMENUIFSecBEPs AFRTERRUONEPe TcHdion, e cbEPERNORE

noverment of thgldSiENey drladid e @ 888c¥ibbHadbSRING SRR CAHRDEcR]LL
det ect ed ea5|'9lc%}f and accur atfl’é& Thus, 30 the sllgnal gr,oce Si ng val ues of
the del ay ci redf? o2nRek Qf (ke SReFEPRRYRIG 2BV E o ’i@’("?iﬁ t8neB& Eik&nged

by the controtiersiddlancendnag poothesdayectedpposivedn, dir ettiisonaand

novene of the . listengr. It is therefor paossihble to.chan he .sound i mage
| ocal i rz]%&_fl on Rt iﬁbe r?glrree%% FEH9 &“ﬁcé’ﬁf@ eacgcéaor §ORG o & %g‘ E‘S&lﬁ%ﬁ?‘e
directi on andimeenbmabffedbihgsteneothethei Vestenehesviefuabndounght 3 0
MAY 2002 - 20 SOUL CE A4S ggSCé Q‘?ﬂe%ﬁ%&% fé‘rth&aéﬁadeﬂ%ﬁe%é and the

r epr oduci ngappar at us accor di . resent 1nvention, t
t ransf er char sR¥EEhesized (Ut silgnall sf eEei g Irbhteh e itheuhrssdenaaesour ce

to both the Iigtemerisubeijosandid 0bb erscaranbe thent besi 285 t hrkhedi nput
signals, It is thus possibleto achi eve pseudo- speaker_ sound reproduction
and furthert PYEHS ZENE nd1SEERBTT Fagea Ut EIARF tHECTT Lo ehePTETRERACREFt her ,
t he headphonesdepi g uchmds efgas at us accordi nglOto the present invention can
be so constructed.that, therefl geted sounds, synthesizgd ‘W I thentrangter
more) of different channels of input signals, it is
possible to localize sound image per channel of the input
25 signals outside +the listener's head with the above-
mentioned headphone reproducing apparatus provided for each
of the channels of the input signals.
Further, it is also possible to add the original
signals (not yet processed) to the processed signals and
30 to transmit the added signals to the headphone. In this
method, it is possible to change the sound image
localization feeling according to the difference in signal
volume level between the non-processed signals and the
process signals.
35 Further, it is also possible to change the sound image
localization feeling freely by changing the respective

signal processing values appropriately. The sound image



| characteristics (directional feeling) are added to theinput signals
respectively. It is thus possible to achi evepseudo-speaker sound AY 2002
reproduction as if the sound werelbSheard in a room having a reverso()erMatl
effect and therebyto |localize the sound i mage outside the listener's
headnore clearly. Further, according tb the present invention as shown
inFig. 6, the transfer characterl stics cap_be synthesized by20use of the
direction filter 12(t0 (transfer characteristicsynthesizing neans) and the

direction f"%ﬁ@if&gﬁﬂantf@éiiﬁ% i@ﬁii@ét%Hesg%QQtEHﬂ“gﬁﬁthehv1rtual

characteristicsynthesizin direction filter has t
del ayci r cui t SOIBR HRENGE, TLIFPSTOOR efOdfey OFhahadee BNt SiZB: g ngoaBans)

14R and 14L, apd-dWHd RH Sfda 1| st @l rene haddi dickh #8ansd+45R aRg 1§Ae as

shown in Fig. 4. Thetransfer characteristics thus can be s¥1 nt hesi zed
nor er eal i sti GHIRRY PEPFEESHRI sHalPeScdCe Bar chrREeEurt RePORFeP hEPSI gnal

processigfg va,l '-k%%to 1%@@ B 1 d *1%<dﬁ\,§ya&a r ok t 3 fPay @158&@?0@21‘

filters 12 ( t 2 tN) ad shown 6, various sound can
be achi eved in spitt etlaﬁStﬁésgy e dpFe athe §6ﬁ§?lluétIiQﬁ?SSrJrP9adYH@%P6ﬁ it

i s al so possifdedyp obhal nfﬁé@beﬂ@yef:fué@bc%&rllfsttlﬁg san dmee v&10RYI Ng.
35 Further, the present |nvent4 on can be pI’OVI de th the detectors for

detecting t he5si i HIERT ot d™Or s W Pimage Qefbhta bt Okhe
i stener in dddaring,cdrases cmartc_ha&i deteci sl wal ums, tichastieet hleapdipceﬁél ng
val ues o@ thﬁL dela CII‘CUI erg:tlon filters 12 as_shown

0
in Fi g.l %9 s 5‘ se, g ﬁEe ?ge W& r S a&. vPresa (5.51&9ndv§1 Urce 8¢
| ocal i zi ng pagiarigei, carl:rtm epte utbkangedagutnsi f cohetkusténer awvmesbeit is

Peeling. 3 AR 000 “e5 5 Pphs bR EBHE N e RS Tl PR g Eunar
creating a vinnQegsssiauhd/alags ﬁrﬁéhaﬁéeﬁeérﬁﬁgﬁé&m,f i% ssupdseaheef tom a

virtual soungsunfesdiditadh gl idy eXisls ddua sp@§§ea9éfé hbommghe
listener, the apparatus conprising: delay means for ayin

first-channel ingut 2imfoeBPgAAMERTd oF s%n@r%ﬁﬁﬂﬁellrﬁvﬁﬁﬁtl%d’i’hl%l BRal by

pr edet er m nedigitAybdd NBSreihbsl ow hangh ngeﬂ@aaacéwcocimrggl e, fi:equﬁmém
characteristi c}? e ffl rst- and sec nd chanﬁgl t augregﬁ nal

of th
pr edet er m ned 1§ ST &F TEF&ISE SHMSERCS, PEEEo eE’h’é Phge b‘F‘l 5ng| ng
sound | evel s alfertdretd |Mm1ngindmses:om[ka:zhafmm:t1wpsltaaudlbhstlgeaad:aseOOf

predet er m nedcrgeoq{'édaé ré&eoﬂf %wﬁgg@ Sthe Ligsh fHdF§8C°§d nmeans

bei ng connected In's Ies to eac
20 A headphone reproducing apparatus 30 has a head

movement detector 31 and a controller 32. The head
movement detector 31 detects the movement of the listener's
head to which the headphone 16 is attached; that is, the
head rotational direction, the head rotation angle, etc.
25 The detected wvalues are transmitted to the controller
(e.g., CPU) 32. Further, the movement of the listener’'s
head can be also calculated by the controller 32.
On the basis of the movement of the listener's head,

the controller 32 changes the signal processing values of

30 a delay circuit 22, and direction filter 12(t0) to 12(tN)
in such a way that the sound image can be moved by the same
movement rate in the direction opposite to the movement
direction of the listener’'s head.

The head movement detector 31 is provided as follows:

35 Two ultrasonic sensors are disposed on both the left and

right sides of the headphone 16, and a detection signal



reproduci ng neans for reproducing the first- and second-channel i nput
-signals processed by the delay neans and the first and second Chaﬁgb@ﬂZWZ
means as the sound that cones fromthe virtual sound source.

-.apparatus according to claim1, wherein the first changing neans includes a
| ow-pass filter. 3. An apparatus for creating a virtual sound based on an

i nput audio signal, a listener be feelingy;as if a sound cane froma virtual
sound source that imaginarily exists in a space apart fromthe |istener,

the appar at ugse@R&SING:s d@i@yoé@@natf@ ﬁﬁé@é’té‘ﬁmﬂnédr@bs(imaﬂzﬁe'a%@)m
signal and a second-channel S bot h bei ng separated fromthe

i nput audi o §FgRal they b?%H%P%E neﬁgﬂgiay t5hfes,© §éi%ﬁ§%ﬂffr§ﬁﬁﬂ§ﬂﬁﬁs
char act eri st gegeefihbe pilss -s:.@"tdalséedetIGdSIaﬁﬁ@ uﬂlﬁﬂatso&ll@n@e‘hskﬂ's at

pr edet er m ned frggggg%y characterl |cs ¢h anggyg soun | evel.s of the

first 3 o FRPT 2§”§Hd¥§%con 8h§ﬁﬁ@1 HarPs tEaBF@&gFeﬁhlned
sound | evel sgenuktingt ageilded ays higaas fmma@eh@mﬂumgﬂunigmaslgmal separ at ed

fromthe |npu udi i gnal lur.al.i ty e del.a tlnes to
out put mul ti 8T 813§Fa§gd éﬁéﬁhfacelyég sgﬁ%98%€%§é1§éﬂg§?%e Sﬁgéal
plurality ofthhlldthamnbhdmﬁpuul§rgﬁ@hscaﬁdnaOpEu¢atpmy @ tdgirom-Themnel

| nput. S1 Nl 8 ghg ! BT dpRRdelioURLRCHINNCl: JChP e SIcaN2S Deldg. saRAY At ed

fromthe nuftl-stage el ayed signa lurality of predeterm del ay
tines, changrﬁﬁrﬁﬁéaﬁén&FQﬁuﬁ%ﬂﬁeﬂ?s%$c%towh%ﬁ€ ﬁﬁFPdSQQ%QH(ﬁﬁQQF%ﬁ%nnm

i nput  gipgnal %hbodart@@%tlﬁg%ﬁ%ef LRGHANCY URJINAGIRIHiSLiIngS 1N teohanginy
sound levels of the thir and fourth- channel ut signals_to

pr edet er mi neBUSSENEHIRP ¥ R st 9o aﬁﬁgﬁgtpﬁe°§F9§RQﬂﬂﬁwﬁﬂd|nput

signal and aﬂaetdilétébtidnCﬂaﬁ@@hgrmlﬂ f3ofing8he $eneeed, othelcordibller
second- channga gyt si gnal angﬁgé# the fourth-chan nput signals to
d9

each ot her; FEFCTFUS ngt e %ﬁe?%ﬁwgﬁ ¢FRg 38?p G tECEARS Hﬁlﬁ?m
fourth neanssagnhhetsauedlhhabncamﬂsrbb&@tthﬁxfoum&ﬂec$OUNdDsruﬂtahce% The

apparahys acggt.aing %Re%?{:ﬂtgat%e&ﬁ n.fle, de kaé{?req I e PLOGS fst He

means include a ['ow pass anglng t aracteristics.
5. The appar heaslpa@mr,drﬁgpe@témlm@r af difhereperptnArgtateadiatyamrans

for changi ngtate | 8ast1ehtBer a?rfxd”@"xéjell@ftt' aee ofibhe f&igtsmeaps.cide
delay tines t he second neans, and the delay tines, the frequency

characterlstpé§dP§ﬁGethe sHhfAd ?%@E¥%l%?rth%h%%lr%P%ﬁ%%ﬁFe% a5 at us
accor di ng torekaithod, ahgheheaseanphi thed déecetlddn@ianed Or iy at

| east Ebther fferggggtlon a direction, and a novenment of the |istener,
Further, it is possible to detect the three-dimensional
movements and directions of <the 1listener's head by
disposing an additional sensor at another position (e.g.,
the top) of the headphone 16. Further, as the movement
25 detector 31, it is also possible to use infrared sensors,
gyroscope sensors, gravity sensors for detecting
inclination angles relative to the vertical direction, etc.
The controller 32, on the basis of the calculated head
rotation angle, changes the signal processing values of the

30 delay circuit 22, and the delay circuits, LFPs, and
multipliers of the direction filters 12(t0) to lZ(tN). In

detail, the controller changes the signal processing values
in accordance with the calculating expressions and the set
values determined according to the rotational direction and
35 the rotation angle both previously stored in a memory of

the controller 32. The sound image thus can be moved by



3 0 MAY 2002 -24 the changi ng neans, responsive to the detected position,
-direction or novenent, changi ng at Ieast either of the delay tlﬁE% MA*?ﬂ
first neans, the delay times of the second neans, and the delay tines %
frequency characteristics, and the sound | evels of the third neans.
AYY. A @®. A, . AAR AR A,.Ay.Any.A@g.Ayhy.Ayu7 AR Ay. Aa. AR Af . ASf. ANSe. AN. A. A
f/ Al . A{ye. Ay2' CPuv
zupkfa\cha]ca]ca]ca]ca]ca]ca]ca]ca]ca]céﬁca]ca]ca]ca]ca]c<aLﬂc<a]ca]ca]ca

] ca] ca] ca] Ca] Eﬁécasl&ﬁ’é crehealich) clabheal 3! ¥ nhead movement. in th
11> Bl u&&( ( é wwnhcAY]]ca]ca]ca]ca]ca]ca]ca]ca]ca!ca]c“a]ca]ca]ca]ca]
ca]ca]ca]ca]c jEQFEAPRaPRAPERT € At @ afea] et AA g 78195999

999<<>>>0@\ADhELEBFMEytRkechVEGahealicakeal @@]t@%]l@@] a:i@] .cajcal]calcaJc
calcC

(1 Aehwnx gt 14 FEBFT | M AT SPPPACRRI2] Eahe T ared cal ¢

?Wg] ca] 3] caj saheekaalnalara] ©ed T&] ealealita] qajm@at}em] &ateakgahcaj aal | |IL
HM | wr mhenY] cf 28] caPeale (A1) Ta1d] BRYTEE] 58] SA8i%h %) BaPlaftafta) ca

] ca] ca] ca] ca]lralsajcea] ta] ealtakeakcaBBahgodly, the headphone 16.

R e

Y@ o' () - “lﬂﬂﬁtbF horizontal dlrectlon as shown by Fig. 7B, in the

Y10%&' ()p M%&/&AQ a%;!a&%?&%/&'t(&e 10T ) A HI&10%
& ()- '0'V9&10%& '0'9&10%XX&
e} the v1rtual sound source is moved to a point B

according to the head movement.

In the case of the apparatus 30 according to the

present invention, however, the localization point A of the
15 virtual sound source is moved by the angle 6 from the point

B in a direction opposite to the movement direction of the

listener's head (i.e., the left horizontal direction from

the point B). As a result, it is possible to keep the

localization point A of the virtual sound source unchanged
20 at the point A.

In other words, even if the listener 33 moves his or
her head, the extra-head 1localization position of the
virtual sound source is kept unchanged and thereby the
realistic sound image localization feeling can be realized.

25 It is thus possible to obtain a more realistic extra-head
sound image localization feeling.

Further, in addition to the listener's head movement,
the position, direction and movement of the listener's body
relative to the virtual sound source can be detected by use

30 of position, direction and movement detectors. In this
case, since the sound image localization feeling can be
changed according to the position, direction and movement
of the listener, it is possible to obtain more realistic
extra-head sound image localization feeling.

35 As the position, direction and movement detectors,
three or more detecting signal oscillators are disposed

within a space where the listener exists. Furthermore,
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when four or more oscillators are disposed on the mutually
different planes, the three-dimensional position, direction
and movement of the listener can be detected. In this
case, two receivers are disposed on both the left and right
5 side of the listener's head (or the headphone). And, the
position, the direction and the movement of the listener's
body relative to the virtual sound source can be detected
by a processor.

The processor calculates the respective receiver
10 positions (i.e., the listener's position) on the basis of
the positions (coordinates) of the detection signal
oscillators, time at which each detection signal is
transmitted by the corresponding detection signal
oscillator, and time at which each detection signal is
15 received by the corresponding receiver. The processor then
obtains vectors among the receivers, vectors indicative of
the listener's direction obtained by rotating the vectors
among the receivers by 90 degrees, vectors from the
listener (each midpoint between the respective receivers)
20 to the wvirtual sound source. And, the processor obtains
the angle between the listener and the virtual sound source
on the basis of an inner product of the calculated vectors
between the respective receivers or the direction vectors
and the vector between the listener (each midpoint between

25 the respective receivers) to the virtual sound source.
When the above-mentioned position, direction and
movement detectors are used, the position, direction and
movement of the listener relative to the wvirtual sound
source can be all detected easily and accurately. Thus,
30 the signal processing values of the delay circuit 22, the
direction filters 12(t;) to 12(ty) can be changed by the
controller 32 according to the detected position, direction
and movement of the listener. It is therefor possible to
change the sound image localization feeling more
35 realistically according to the position, direction and

movement of the listener relative to the wvirtual sound
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4!~ S&10%bMb&apparatus according to the present invention, the transfer
4.1! > Bl " " ##40 EQI\/Dl! - f_&llQ% : 8/%5/%- #1 Cf &10?\%‘% (),—rf#! CMm &10%%&' ()\;i#]_jt>J88110(Vo<x
& () - #Ls10% &EPPr8CT6%-&TEFS40hR5 RRREECT 19NN 09O - FRE
| . #109&' 6) - L solh®h So(rebf 4 BWESE the #4Elkbibdd¥s) &ef)- #nd right ears can
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to achieve pseudo-speaker sound reproduction and further
to localize the sound image outside the listener's head.
Further, the headphone reproducing apparatus according
10 to the present invention can be so constructed that the
reflected sounds synthesized with the transfer
characteristics (directional feeling) are added to the
input signals respectively. It is thus possible to achieve
pseudo-speaker sound reproduction as if the sound were
15 heard in a room having a reverberation effect and thereby
to localize the sound image outside the listener's head
more clearly.
Further, according to the present invention as shown in

Fig. 6, the transfer characteristics can be synthesized by
20 use of the direction filter 12(t0) (transfer characteristic
synthesizing means) and the direction filtexrs 12(t1) to

12(tN) (reflected sound transfer characteristic
synthesizing means). Each direction filter has the delay
) circuits 13R and 13L, LFPs (frequency characteristic
25 changing means) 14R and 14L, and multipliers (sound volume
changing means) 15R and 15L, as shown in Fig. 4. The
transfer characteristics thus can be synthesized more

realistically in spite of small-scale hardware.
Further, when the signal processing values are changed
30 in the delay circuit 22, direction filters lZ(tO) to lZ(tN)
as shown in Fig. 6, various sound filed can be achieved in
spite of the simple apparatus construction. In addition,
it is also possible to obtain such an effect as if the

sound image is moving.

35 Further, the present invention can be provided with the

detectors for detecting the position, direction and
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first- and second-channel input audio signals to
predetermined sound levels, the delay means and the first
and second means being connected in series to each other;
and

reproducing means for reproducing the first- and
second~channel input signals processed by the delay means
and the first and second changing means as the sound that

comes from the virtual sound source.

2. The apparatus according to claim 1, wherein the first

changing means includes a low-pass filter.

3. An apparatus for creating a virtual sound based on an
input audio signal, a listener be feeling as if a sound
came from a virtual sound source that imaginarily exists
in a space apart from the listener, +the apparatus
comprising:

delay means for delaying a first-channel input signal
and a second-channel input signal, both being separated
from the input audio signal, by predetermined delay times,
changing frequency characteristics of the first- and
second-channel input signals to predetermined frequency

characteristics, and changing sound levels of the first-
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input signals, the third- and fourth-channel input signals

being separated from the multi-stage delayed signals, by
a plurality of predetermined delay +times, changing
frequency characteristics of the third- and fourth-channel
input signals to predetermined frequency characteristics,
and changing sound levels of the third- and fourth-channel
input signals to predetermined sound levels;

adding means for adding the first-channel input signal
and all the third-channel input signals to each other, and
second-channel input signal and all the fourth-channel
input signals to each other; and

reproducing means for reproducing output signals of the
fourth means as the sound that comes from the virtual sound

source.

4. The apparatus according to claim 3, wherein the delay
means and processing means include a low-pass filter for

changing the frequency characteristics.

5. The apparatus according to claim 3, further comprising
changing means for changing at least either of the delay
times of the first means, the delay times of the second
means, and the delay times, the frequency characteristics,

and the sound levels of the third means.

6. The apparatus according +to claim 5, further
comprising detecting means for detecting at least either

of a position, a direction, and a movement of the listener,
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