Angl e- dependent operating device or nmethod for obtaining a
pseudo- st er eophoni ¢ audi o signal The invention relates to audio signals
(particularly sound transducer signals) and to apparatuses and nethods for
the obtai nnment, transmi ssion, transfornati on and reproduction thereof.
General ly, such systens attenpt to depict or suggest three-dinensional

i nformati on which the human ear is able to break down. This can be achi eved

by the r epr odyfidiendgbeferitiop@tint tevies dnmetAaki farukdihitiy 251 onal s,

by the addition of artificial jear eflections or, artificla use sound
or by the simulation of &ﬁﬁ‘!ﬂ‘éi‘ﬁt@gﬂgp REdS ig$igalo the human head by
means of HRTF, alternatively. These approaches to a solution are used
particularlﬁﬁfn order to convert nonophoni¢c audi o |s into au?bo

i gn
Signal s whi SConUBS FOORhe BHTEaN 46t UAFOE fidial HugPart icular
t hr ee- di nensicomal i tyrarBudlcaeret hedgnate) r eberr edd 0 @&asparatuses and

" pseudo- st engqphoni ¢ kg comparison Wbl gepventional  sLeree siggal s,
pseudo- st er eophoni ¢ S|gnafs usual Ty exhi it "defi¢i enci 65 Fh parti¢ul ar,
psychoacoustir@nsdasdrs insamnchaenresucddan fdisinteafy: of the sound sources,
for exanple in the case of nmethods which distribute the frequency spectrum

with different phase shifts over the final signals, is restricted. The
appl i cat i on SR FPopdgat FBR t iSYE tEFY ef BheBRT al'so ABPHEFI X eSUPESSEN
i nconsi st entthreealdiz@inisdorfzdr Lheosasei beasMissh Athief | Bhiahnr ever begat i on,

| i kew se for  psychoacoustic reasons, . pronpts fatigue, phengnmena in the

|i stener. Aaggfyegoof%698§03gpgnhavghﬁgeHgﬁﬁdegepaﬁfpgﬁwgglyggy &BFzon (see
bel ow), whi glepacelvicttiondedft otedi v nate rsuchliiffesrsitdtyencbestiinutkd
ster eophoni g deni cLhgRaok, SoHpd sour Gesys FeRl odue! 197 04 LRe OkLghgal
t hree-di nensi onal circunstances, as conventional stereo sighals"aimto
depi ct, doedeAdecldeals y odccartéfdniipd ceipragcapgliast i ofs, PHowsker. I n

particul ar, psewdetsier eapham based githen s Mtat 4 0Mm@fto the human _
i ntensity-stereophonic nethgds has the particular problemthat a nonophonic

P
audi 0 si gnaPBas&d dRCHF i Ghr SRt~ eigthS AAEMG I  yIpat ¢ ePRPEQRRBE Sbe
st er eophoni zeda Grolagdauntad ddwed neaudepi €l 4 ony of n souadrwhbchohseirnci dent

fromthe si%% %%n_%io%dg is forq?d bjlthe foIlomﬁngg%gEunen

o) f sign T udlo bS: 05
5173944 considers 8 gnal’s bt a1 B At cohst ant Y &L nut 80 484Fbes, 120

degrees, 240odegvees tand 271G degraes b3n neanstwdl HRTErfr omithé tdiotiser ent |y
del ayed bUtt%@%%QﬁqhﬁpéthbPﬁﬁg.fqﬂﬂﬁqeﬁkﬁkoﬁbgn§fe @@T%Qr@BeJQyGEEa'd on

the fundamental signal . his case, |evel and propagation tine
correcti ons 'PERHCR ISGESORBEONICOf- the original recording situation.

In comparison  with conventional stereo signals,
pseudo-stereophonic signals usually exhibit
deficiencies. In particular, psychoacoustic reasons
mean that the localizability of the sound sources, for
example in the case of methods which distribute the
frequency spectrum with different phase shifts over the
final signals, 1is ©restricted. The application of
propagation time differences also normally results in
inconsistent localization for the same reasons.
Artificial reverberation, likewise for psychoacoustic
reasons, prompts fatigue phenomena in the listener. A
series of proposals have been made, particularly by
Gerzon (see below), which are intended to eliminate
such 1inconsistencies in the stereophonic depiction of
sound sources. Reproduction of the original

three-dimensional circumstances, as conventional stereo



US 6636608 proposes phase shifts, determ ned on the basis of frequency, in
the nono signal to be stereophoni zed which are overlaid on the original
monophoni ¢ audi o signal both in the left-hand and in the right-hand channel
with different gains-which are |ikew se?i ndependent of the recording
situation! The aforenenti oned docunent US 5671287 (Gerzon) inproves a

nmet hod proposed by Orban (which takes a nonophoni ¢ audi o signal and obtains

a sumed si gnadn A aidli EberRte i adks Whbe Jaaka 1 equancy sgependent
phase shifts -Ttegardl ess of the recording situationl’), these inprovenents

| i kewi se bei TR s PRI ¥GaddRHoy -setdent phase shifts or on a
gai n-regardl ess of the recording situation! -given slightly altered
formati on of_the surEmad and difference signals. The applicant’

par |

h S own
Eur opean appl catioon N0 8008455 5 I @%’hr?&yhod%@e?edconﬁnder ér'?’ieon of
t he manual | yigruleetiraol ogifcalhyensteytataedophghecT methwén e akies and
sound sourc I %gﬁ;i i I f C hC r
dependent oﬁpt eﬂglnl%[rg T. I%&?h%ﬂ%gfgq#l?%sé%ggl gﬁéﬁgerg%?w%gmg\%re%
conpati bl e Stler opHadivE dedi Gl | slinsrctioddivbl ®atTiean ngemniosn &epl ai ned

bel ow i s i ntandeddrohiea siani {écamt | opronenebhabpithecst erearhon C
reproduction of a nonophoni c depi cted sound source, taking account of the
recordi ng si'tudih o 4 G iTdPm £%19145 e met hod of stereophoni zation is

intended to be provided for the aforenmentioned figure-of-eight directivity

pattern, whi . 10 te been problematical,.for. intensity-stereophonic
simul ati ons.ﬁ%u ik ‘,aist ﬁ%rzgrén%os%g {E%leal Oolv%oé'qolrl tdfqnquénés/r{tesr'eophoni C
depiction even for the case in which the angle T between main axis and

sound sourced §51¢998L t@cz8hAerihe SUBA, maider; ofgthe. i nyeptian.can be
presented as follows: The technical solution-proposed in the applicant's

own Eur opeart ZAdppIticatsi off NS I0B0084550 5d09 - d@¢ hodf @aflegsAsPdansdt i2dR of the

Sn]g:ce T bet \@meﬁw rbyaéinéaagd o@%ﬂf@ﬂﬁ%ﬂ:@ﬁl %ﬂ&%?f?@@@@%?nd@lﬁ%e@nd {Ake]vel

i fferences ich are endent, an t angle T jnval ve mat ri Xi ng, ere

the fol | owi r?\é\ﬂr ef'at %%ﬁ?p?mé)gﬁlfﬁetdo ?‘ffb%‘%m%ril%gl SIRNEnd Sahd r 856l t ant

signal s L amndeRlalid Dl Sundanental signal. In this case, level ‘
and propagation time corrections remain independent of

the original recording situation.

US 6636608 proposes phase shifts, determined on the
basis of frequency, in the mono signal to be
stereophonized which are overlaid on the original
monophonic audio signal both in the left-hand and in
the right-hand channel with different gains - which are

likewise independent of the recording situation!

The aforementioned document US 5671287 (Gerzon) improves
a method proposed by Orban (which takes a monophonic
audio signal and obtains a summed signal and a
difference signal which have frequency-dependent phase

shifts -~ regardless of the recording situation!), these

improvements likewise being based on
frequency-dependent phase shifts or on a
gain - regardless of the recording situation! - given

slightly altered formation of the summed and difference

signals.



4 The classic S signal-which is specific to M5 engi neering-has a
figure-of-eight directivity pattern, said signal being offset fromthe M
signal by 90 degrees to the left. If the level of the S signal is now
increased in conparison with the Msignal, what is known as the opening
angle 2a (which is obtained fromthe points of intersection of the

over | appi ng pol ar diagrans for the Msystemand the S system and-1i ke the
figure-of-ei i Vit t h [ I ktuat ed
ymmet 1 cal Iy i L feepbet Yt B e PR o e ) S Tnary P2 P duced to
an increasi Myadasa® . nphhadirpdt eenplderatisopoedi biket dayaradnet ePirze a

fictitious qpaniddAndIe 2asg¥enthinad AdANgefENbeOhcén MBihod whigh takes
account of the angle bet ween the main axis of the nonophonic_signal and
Oﬂﬂi‘éi c

the sound scitteS FCGHICEt e SINFUI RECRAZREE 8 ghalSi s3PRenlG8péndent
bot h on the cintdexraWayyd v dial dré heepentieht ovs apeniaigylangpe ar khea second
step, gain fa%ctl%rs &re iasopl i6eda9nl y. Lo tzggosi grhalwse‘yg]i ch BEOd%%Sb rée si de
si gnal when Stimed. ¥1n & t hrid Step, thé angl e- cf)ependre’nt pofngr interval f
descri bi ng tHemiadctniid tdeppatttiem iof ndie pMssiigal. is paraneterized. It is

t heref ore now possi ble to stereophoni ze nonophonic signals of arbitrary
directivi tyé[Eatte_rn t aki ng account of a fictitious opening angle 2a. A

ref erence héid nitgeatgeientxadednet Belevhetrs matttnd@f ciHd s§i vén as

prior art isinptidiedhe takehmsowdnadn ssidn or ansuggestieBobhah ithat
docunent or matteE was kno or that the.lnfcfrrr.atlo it contalns was part

of the comdit écll%oﬂ\%gdae IR DYNES prdBHi TP Hat®e afiYUS6f St he
clainms. 5 Wtiend heeedaarms dTonps | selordtogpsisestioticompr esedtion,

" conpri sing’y at{‘glfgk?fiei Re&?io% S&F%EEE@&%RQ ﬁ%ﬁﬁwgi ng t t% gLgs) they are
to be interpreted as Specify the presenc of 'he stated tTeatures, integers,
steps or comsonantayidaft nber prekeudphgrenenpiesefice fobugreodrefohé ot her

feature, intggeicStERy COMRANRIM, OF group thexeof . o date  been
problematical for intensity-stereophonic simulations.
Subsequently, the aim is to allow compatible
stereophonic depiction even for the case in which the
angle @ between main axis and sound source is egqual to

zero.

The subject matter of the invention can be presented as

follows:

The technical solution - proposed in the applicant's own
European application No. 06008455.5 - of methodical
consideration of the angle @ between main axis and
sound source using propagation time and level
differences which are dependent on the angle ¢ involves
MS matrixing, where the following relationships apply

to input signals M and S and resultant signals L and R:

{1) Lz(M+S)*--1-~

V2

1
2 R=(M~-8)*—=
(2) ( ) 5



Di scl osure of the Invention According to one aspect of the present
invention there is provided an apparatus for stereophoni zing a nono signal
characterized by (a) the evaluation of the manually or netrol ogically
ascertai ned angle p between sound sourcé& and mnicrophone main axis in
conbination with (aa)anarbitrarilyoralgorithmcallydeterm ned fictitious
openi ng angle a, which adjoins the mcrophone nain axis on the left, is not

an el ement ofna reghoiaround gerasor- gauaL 10 zergpopng;for uhl chig 1f the
angle p is positive, the condition is satisfie thaF the angle 9 is less
than or equdin¥'@aHe hglhe=;2 (bbyararef rebeht yot aPgbi Vi ki PalIEEIdet er m ned

fictitious apeni ngiapglie Peiwg cBradiei nsrbhe m@rqphcm%rmi nAXi $oon the

right, is not an el epent of .a regi ound zero or ual to zero, and for

mh?ch,if tté?%ﬁﬁﬂ%eggi%hﬁedéﬁf e,gfhg Eo#ﬁWéiwpfstggtﬁ%f?bﬂn? at-Sthe

absol ute valrusv ofnd¢iensngl en <pompakéssnt hdnhorthequal stgnahe ahgke ip

(co)t he manualdeaBeLEe! aglealdy deleran Dd dhiee! 1 (hopatLenn Gl he mno
re abl'e i'n polar

signal to be stereophonized, esen coordrnates; (b) the
cal cul ati on dfe t Reigaen dhctiorteR(sctianhi o | shelepeiddmpima heocdagl e cp,

on the angl gapthonche tdid gt kyistumpatder pnef o he,spoag signal ;4@ be

st ereophoni zed (representabl e in palar coordinates);” (c) the calculation
of the gain t4ct of 1B oWrt Rt s dépeRANEtEn PRETEAH e Dt oRNEheSangl e p
and on the diysedd viilyy pavkesn Dftddedosonsegratatl oybeassier eeppericzed
(rEDresentaQLF %Hep%kgﬂ1cgggg|Q%¥e%%é M signal) is reduced to an

increasing extent.

In a first step, 1t 1is possible to parameterize a
fictitious opening angle 2d even in an arrangement or a
method which takes account of the angle ¢ between the
main axis of the monophonic signal and the sound
source. The calculated simulated side signal is then
dependent both on the angle ¢ and on half the

fictitious opening angle d.

In a second step, gain factors are applied only to the

signals which produce the side signal when summed.

In a third step, the angle-dependent polar interval f
describing the directivity pattern of the M signal is
parameterized. It is therefore now possible to
stereophonize monophonic signals of arbitrary
directivity pattern taking account of a fictitious

opening angle 2d.

A reference herein to a patent document or other matter
which is given as prior art is not to be taken as an
admission or a suggestion that that document or matter
was known or that the information it contains was part
of the common general knowledge as at the priority date

of any of the claims.



(d) the calculation of the delay time L(a), which is dependent on the angle
p, on the angle a and on the directivity pattern of the nono signal to be
st ereophoni zed (representable in polar coordinates); (e) the calculation
of the delay time up), which is dependeht on the angle co, on the angle p
and on the directivity pattern of the nono signal to be stereophonized
(representable in polar coordinates); (f) the direct use of the nono

signal to b eophopi oA Ssi " y th f, the nono
signal to bgmgétﬁ:ér e_op,hgt%%g% ‘B‘?{o@ J‘gléd%el ay ??ﬁ rt?é? énd%ﬂ%%?é@at itogn of the

del ayed si gndlOMREtHe Yai #-¢ abE6E Pa)thisrsapeefhaptieny:(ingduding

anpl i ficati ameofcthemgpnensiygnale teo bgesti@&@g@h@mieae%sbysg)@@ig?i Rhkact or
P(a) and the delgy of the agpllfled SI%n%| bé thf delay tinme L(a); (h) the
del ay of . t h@OHE'E gRal b &%t opRNZEG by ThedekFay TiFH® LOY) and
anpl i fi cat i aromgfortdre: el layednsicgnalediyudingy gahe paesencB( B one or
alternativel y;, . Ah gplifdgation QR nono iggg ta Q% st er o%honized by
the gain f actor P?E? an E%%elgalay 8%8§ﬁe aﬁ%ﬁiflegp5|8nal(%y,gﬁeugélay
time L(P); Thexd9f.the addition of the signals obtained under (g) and (h)
in order to obtain a side signal; and (j) the stereo decoding of the md

and side signal intoa stereo signal. According to a further aspect of the
pr esent invgHﬁEﬂﬁﬁﬂﬁéiéﬂiéiﬁidﬁﬂﬁﬁﬁﬂéﬁhethod for stereophonized nono
signal, characterized by (a) the evaluation of the manually or
metrol ogi cal|y ascertai ned angle bet n sound source apd m ¢crophone main
axi 5 i1 conbiTSTION G 1h (A&) ARKFBTL Pr i 1or el GOTTt hii Cal [y aat & iftited

is provided an apparatus for stereophonizing a mono

signal characterized by

(a) the evaluation of the manually or metrologically
ascertained angle @ between sound source and microphone

main axis in combination with

(aa)an arbitrarily or algorithmically determined
fictitious opening angle a, which adjoins the
microphone main axis on the left, is not an element of
a region around zero or equal to zero, and for which,
if the angle ¢ is positive, the condition is satisfied

that the angle @ is less than or equal to the angle a;

(bb) an arbitrarily or algorithmically determined
fictitious opening angle B, which adjoins the
microphone main axis on the right, is not an element of
a region around zero or equal to zero, and for which,
if the angle @ is negative, the condition is satisfied
that the absolute value of the angle @ is less than or
equal to the angle f3;

(cc) the manually or metrologically determined
directivity ©pattern of the mono signal to be

stereophonized, representable in polar coordinates;



fictitious opening angle a, which adjoins the m crophone main axis on the
left, is not an elenent of a region around zero or equal to zero, and for
which, if the angle p is positive, the condition is satisfied that the
angle p is less than or equal to the anm@le a; (bb)anarbitrarily

oral gorithm call ydeterm ned fictitious opening angle p which adjoins the
m crophone main axis on the right, is not an elenent of a region around

Zero or equaly)t 178101 ARt f 06 WoEChnei [iolie fANgls B i negath i ¥k, jthe
condition is satisfied that the absoluté value of the angle p i1s [8ss than

or equal todaRergifgite P2 (EE) tEHURN | YO nERRoISGI Gl ¥y d8Cerdh nEle
directivity qgatdaaririafy t hgaterensi gnal o de sbabeophpphzed, depr gsent abl e
in polar coordinates; . &gﬁ t he calcuggyion of the gain factor P(a) , which

i s dependent® S TWEAHGEE FSPEHE IR 21§ ™ Patd Tolr ¥HE G ER ivi ty pattern

of the nono signal to be stereophonized (representable in polar

coor di nat es);; C L cul atd of i a P(.P) : whi i's
dependent oéC?hgjgag%%i%?l%ﬁ5§ﬁe%§?3$§3pgégﬁ g%C?ﬁe 3%@@dti%%%¥ﬁpg tern of
the nono si gieEenCseBe &k eftdephord Fed®¢r epr eskat asiod & nB pengr @voitlienat es) ;

(d) the cal culraldiar jef, thgadebay tise Lia) , WBheh isigependany opethe
angle p, on the angle a and on the directivity pattern of the nono signal
to be ster eSHRHFEEEPEAEST d<EMEascEtiah Isolidy FOdGdiTratesPatese)’ t he

calculation of the delay tine L(p), which is dependent on the angle p, on

the angle p and on the.directivity. pattern.of the nono signal.to be
stereophonife (?%%rggéﬁyéﬁﬁéopn(%%Igbecég?ﬁpha %@?; (féy t'h l%ﬁré@t use of
the nono si gieglencentte &t etéephromizedPas drhethed ssiggral ¢ and on  the

directivity pattern of the mono signal to be

stereophonized (representable in polar coordinates);

(e) the calculation of the delay time L(B), which 1is
dependent on the angle ¢, on the angle B and on the
directivity pattern of the mono signal to be

stereophonized (representable in polar coordinates);

(f) the direct wuse of the mono signal to be

stereophonized as the mid signal;

(g) the delay of the mono signal to be stereophonized
by the delay time L(d) and amplification of the delayed
signal by the gain factor P(d) ; or alternatively: the
amplification of the mono signal to be stereophonized
by the gain factor P(d) and the delay of the amplified
signal by the delay time L (Q);

(h) the delay of the mono signal to be stereophonized
by the delay time L(B) and amplification of the delayed
signal by the gain factor P(B); or alternatively: the
amplification of the mono signal to be stereophonized
by the gain factor P(B) and the delay of the amplified
signal by the delay time L (PB);



(g) the delay of the nono signal to be stereophonized by the delay tine
L(a) and anplification of the del ayed signal by the factor P(a); or
alternatively: the anplification of the nono signal to be stereophonized by
the gain factor P(a) and the delay of the anplified signal by the del ay
time L(a); (h) the delay of the nono signal to be stereophonized by the
delay tine L(p) and anplification of the del ayed signal by the gain factor
P(P); or al tadna%mé/egadlwsnaaﬁl ichicakign %f d gp ga

st er eophoni ze aln factor P(P) an t he e ay o} lified

si gnal by the dé{ramq% qq Pipzin G )sidee sdddiadi;omrst the 5| gnal s obt ai ned
under (g) and (h) in order to obtain a side signal; 9 (j) the stereo
decodi ng of nd sid nal to a st reo si The |nvent|on
vl ves thel Harhoraiist (Grofl 1ot Frs dheTontis AQangiang e 150 1 p e hi s
case, a is tdhestfdrdd tdigpmll.eft-hand opening angle (situated to the left of
the main axis of the nonophonic audio signal to be stereophonized), p is
the fictitious right-hand opening angle (situated to the right of the nmain
axi s of the Aasopho ctaudi 6usthaal aspese stlerdophpneszedy, iwvenéion may be

that a#13. HHise W8 sar 8rbo9kkRY At dden @S ch dees el A Shioh@ cl assic
M5 matrixing- of possible fictitious opening angles a + 13 which are

asymmetric vﬁ%%arlesﬁé@tratc&ecrﬁezer?alw axi s of the nonophonic audio signal to
be stereophoni zed. Accordlngly, t he trlgononetrlcally ascertained | evel and

ti t ffe f h t d |
3;82§ggn102&t'gﬁF5'on %frgL?% %ggenﬁaﬁﬁg ?Lfﬁf?@ E%P&%%?ﬁgﬁgyopenlng

angl e a andammaﬁuaﬁnaﬂ|angﬂﬁsm|Qﬁﬂwd&nutqundusqpnngﬂanq)memﬁphwnef t he
sound sourcgwﬁapEggipha§%gﬂﬁ%%é%ig%md¥%tCJthe |eft of the main axis -the

relati onship cpb5a nust apply or-i1f the sound source can be classified as

being to the right of the main axis-the relationship (p513 nust apply. In

al |l cases, zero or a region around zero nust be ruled out for a and p,

since the | @) 3hd FrOFEGaE Y ti RE di PREPEREBEIEAILAY at 8¢teymined

par ﬁrret elr: zum@ftataraxgllao cgpyéarlglg towla@gdel nf@(n:ctwhﬁdiat Iasjjtdlﬁﬁay ane ) .

technical ly i.nfeasi bl e ui tabl e se a and can er ef or e use
o e Fongh §1 ghareaine

to attain steréophohic Pt ctfoh OF oni'® ginen
usual | y -af f er dsearorre aavonabheroondlte@mslthanzwabhodsumhfoh @hiitch,

par anet er i zaty ool 4yl Chl L0us QRAYLNT AND! & f@ﬁ?o-ignglg%”s'ﬂ%'dar a

conpati bl e stereop on i's dl so possi {heé case in
which T is éd@dl the ?@me@mlﬁmﬁwmm%}smsﬁhmﬁmﬂtﬁm to the
above conditions or can be determ ned by a suitable algorithm as

appropri ate.
pprop (bb)an arbitrarily or algorithmically determined

fictitious opening angle B, which adjoins the
microphone main axis on the right, is not an element of
a regidn around zero or equal to zero, and for which,
if the angle ¢ is negative, the condition is satisfied
that the absolute value of the angle ¢ is less than or
equal to the angle B;

(cc) the manually or metrologically determined
directivity pattern of the mono signal to be

stereophonized, representable in polar coordinates;

(b) the calculation of the gain factor P(d) , which is
dependent on the angle @, on the angle d and on the
directivity pattern of the mono signal to be

stereophonized (representable in polar coordinates);



Trigononetrically, the following delay tines L(a), L(p) and gain factors

2(a),
and p,

P(P) (which, in order to allow unrestricted selection of 9, f
can be applied to the signals s(a) and S(P) which produce the

and a

simul ated si'de signal S) are obtained f&r the angle cp, the angl e-dependent

pol ar

interval f describing the directivity pattern of the Msigna

and t he

angles a and P. (3)L =f (a) .11 f) +.12(92) f(a)f().nco "7.sinry4dn2a

(5 )Pr,

(13)* f i92) sing) 4sin2Psi nf

dependent on the angle @, on the angle B and on the
directivity pattern of the mono signal to be

stereophonized (representable in polar coordinates);

(d) the calculation of the delay time L(a) , which is
dependent on the angle @, on the angle a and on the
directivity pattern of the mono signal to be

stereophonized (representable in polar coordinates);

(e) the calculation of the delay time L(B), which is
dependent on the angle ¢, on the angle B and on the
directivity pattern of the mono signal to be

stereophonized (representable in polar coordinates);

(f£) the direct use of the mono signal to Dbe

stereophonized as the mid signal;

(g) the delay of the mono signal to be stereophonized
by the delay time L(d) and amplification of the delayed
signal by the factor P(Q); or alternatively: the
amplification of the mono signal to be stereophonized
by the gain factor P(d) and the delay of the amplified
signal by the delay time L(qa);

(h) the delay of the mono signal to be stereophonized
by the delay time L(B) and amplification of the delayed
signal by the gain factor P(B); or alternatively: the
amplification of the mono signal to be stereophonized
by the gain factor P(B) and the delay of the amplified
signal by the delay time L (P (PB);

(i) the addition of the signals obtained under (g) and

(h) in order to obtain a side signal;

13((CT) £héa)calc%q_yatsi' 'ﬁe'éf 4%-}]@. ag%{.ir}f" éac@t())rf Pz(@)l )whfél'hf i\ép) -f



A sinplification for apparatuses and net hods whi ch make use of the subject
matter of the invention is the suggestion that the discrimnants of L(a)
and L(p) can be used directly for ascertaining P(a) and P(P). This
significantly sinplifies schematic diag?ans and al gorithns, which neans

m niaturization of the relevant hardware at the highest efficiency.
Particularly for the aforenenti oned probl ens of stereophonization of a

nonophoni ¢ augd ' | t JQur - ei | hect i t t he
fol |l ow ng soﬁﬂtﬁgﬁggggié%%&%ﬁ%x%ﬁgfﬁgfggggggg§ %%% %% érg¥ﬁ?§?vgﬁ%P(mb
=cosy.), whixFRERT iPedathe figure-of-eight directivity pattern of the M
signal and which is dependent on the polar angle w. cos cc \lces2 cccosce
(7L=- +cos2 -7-:*cosT*sinp.2s am 4sin2asum COSS (eo0s2si 2COO0, (8) Lfl+
--+ CcOSs cp + STRCRSIR 1BIPHBEPsi Afe COB B 1) P + ©bs Go
----,--* cosfigriSilduy opening angle a+f. In this case, a is the

fictitious 1left-hand opening angle (situated to the
left of the main axis of the monophonic audio
signal to be stereophonized), B 1is the fictitious
right-hand opening angle (situated to the right of the
main axis of the monophonic audio signal to be
stereophonized), where it may be that a#pB. Thus, we
are looking at the <case-which does not arise in
classic MS matrixing - of possible fictitious opening
angles a+ B which are asymmetric with respect to the
main axis of the monophonic audio signal to be

stereophonized.

Accordingly, the trigonometrically ascertained level
and propagation time differences for the simulated side
signal are made dependent not only on ¢ and f but also
on the fictitious left-hand opening angle d and on the
fictitious right-hand opening angle [, wherein-if the
sound source can be classified as being to the left of
the main axis - the relationship @ £a must apply or -if
the sound source can be classified as being to the
right of the main axis-the relationship ¢@=<f must
apply. In all cases, zero or a region around zero must
be ruled out for a and B, since the level and
propagation time differences calculated by
parameterizing a and B converge toward infinity, that

is to say are technically infeasible.

Suitable selection of a and B can therefore be used to
attain stereophonic depiction of a monophonic audio
signal, which usually affords more favorable conditions
than methods which omit parameterization of a
fictitious opening angle a and B. In particular, a

compatible stereophonic resolution is also possible for



46n2asom cos2f12C0s /3t (10) Pr + cos (p i+ coscp * sin fp 4sin2flsint3

For the subject matter of the invention, it
resultant MsS signals finally need to be subj

remai ns characteristic that the
ected to stereo decoding in

accordance with formulae (1) and (2). AOclassic stereo signal is the

result.

prior art, it is otherw se possible to use t

i nvention tQﬁ&bkﬁ%ﬁask n%hicghh€2%9rQ&hggng%prggp onjc i nf

than two | oudspeakers (such as surr

Wth the inclusion of apparatuses and net hods which represent the

he subject matter of the

_ ﬁog via nore
soun 3%?%% are part of

Syst ens

the prior ardeseries Desdriopt i vwP¥Ct héoFi g egbor2 Efgudierns and
exenpl ary appli capbonsgdfetfitnf eSQ | BVendi i@l e explinadnpy way of

exanple with reference to the follow ng figures:

oper ating prARREEITe-33S ‘Eur opean Appl i cati on
a circuit which, inline with European Appl

a monophoni & audi 0, 8i,gnal, i} 0

Figure 1 shows the
No. 06008455.5. Figure 2 shows
cation No. 06008455.5, converts

N, s gnals: whi by gan be.st ergophonized.

and gain factors P(a), P(B) (which, in order to allow
unrestricted selection of @, f and A and B, can be
applied to the signals S(a) and S{(B) which produce the

simulated side signal S)

the angle-dependent polar

are obtained for the angle @,

interval £ describing the

directivity pattern of the M signal and the angles d

and B:
2
(3) L,,=—ffa)+ f.(‘f) +fi¢)~m*f(¢)*sin¢
2giney Vdein®oy sing
_i® [ re RO
(4) Ly 23inﬁ+\!4sin2ﬁ’+fz((p)+ sinf fl@y*sing
2
(5) Pt ) - L Qs pgy*sing
4sin“a sina
_ 1B FB) s rrvne
(6) P —_—"—43inzﬁ+f’(¢)+ Sinﬁ*f(w) sing

A simplification for apparatuses

and methods which make

use of the subject matter of the invention is the
suggestion that the discriminants of L(d) and L(B) can
be used directly for ascertaining P(a) and P(B). This
significantly simplifies schematic diagrams and

algorithms,

which means miniaturization of the relevant

hardware at the highest efficiency.



Figure 3 depicts the internal signals in the circuit shown in figure 2.
Figure 4 shows a classic Ms arrangenent for the half opening angle u=135
degrees, conprising an Msystemwith a cardioid directivity pattern and an
S systemwit’h a figure-of-eight patter@l Figure 5 shows a classic M5
arrangenment for the half opening angle 0=90 degrees, conprising an M system
with an ommidirectional directivity pattern and an S systemw th a

figure- of - eigght, QiyieGhiyvi t yopat tehd. FlANE S ShEr a Pasdidnd® of
arrangenent for the half opening angle u=53 degrees, conprising an Msystem
with a car diaﬁ%aﬂm@@tﬁz\ﬁtﬂwma@g ePn ARPRIPTS Gy3vdhe wistiy@ If i ‘Gukle- 6f - ei ght
directivity mahhernrigHe 7d§PQ&\§i@i€i/aS§a%t|¥§n@r r angenmert1fierithle hal f
openi ng angl e 0=45 degr ees,, conpri si%‘g ﬁg sys%enhwith a fi.?leJr e- of - ei ght

di rectivity JHtAER ditt ST ITSrstWin Wit P+ gt eF0F- BPYRF dPFEETRVI ty
pattern. Figunye 8 cJwmpws a ghaski c dbsarilaagenenhef or ftiherkabf -epehicng angl e
u=33.5 degrees, |.i.kew se ¢ ri sing an syst i_t.h fig -of - ei_ght
directivity O%ari S and gr?%%%srﬁlst é’?ﬁ Witth%I a¥fi %lr? \eN-a(%f - %lng tulg‘lgrcglct ﬁ\% ty
pattern. 13ldrieudento aghdwss o lext emsilen Ubf the operating principle of

Eur opean Application No. 06008455.5, in which a fictitious half opening
angle a is also taken into account. Figure 10 shows a circuit which
converts a nonophoni ¢ audi o aig‘iai rrtoNB-sigmars; whi ch can be

st er eophoni zqd,). t alfi ag & £oHE acﬁ.&zqnt-i—ctgns-%asoshﬁlsfnqropeni ng angle a. Figure
11 shows an exanpl e of Zs®€ o éﬁ'ﬁ%@‘ng pri n¢#®l e of the invention for a
signal with an ommidirectional directivity pattern which al so takes account
of aleft-hand fictitious opening angle a and a right-hand fictitious

openi ng angle p, which g otf@xige in a gls@gssi c M5 arrangenent on account
of the use of{& sy%m%*%&ﬁﬂé@%%b i gl*dﬁs‘?f*cﬁ"l%e left which is
symmetrical with respec o tihe in axis and which has a figure-of-eight
directivity pattern for the S signal. Figure 12 shows an exanple of the
operating principle of the invention for a signal having a cardioid

2
4sin’ o s
2
cos B 2 . cosp :
10 Py = ——— 4 cos" @+ ———*cosp *sin
(10) % 4sin’ B P ng P

For the subject matter of the invention, it remains
characteristic that the resultant MS signals finally
need to be subjected to stereo decoding in accordance
with formulae (1) and (2). A classic stereo signal is

the result.

With the inclusion of apparatuses and methods which
represent the prior art, it 1s otherwise possible to
use the subject matter of the invention to obtain
signals which provide stereophonic information via more
than two loudspeakers (such as the surround-sound

systems which are part of the prior art).

Brief Description of the Figures




Figure 13 shows an exanple of the operating principle of the invention for
a signal having a hypercardioid pattern. Figure 14 shows an exanple of the
operati ng pr|n0|ple of the invention for a signal having a figure-of-eight
directivity ‘pattern. Figure 15 shows al@rcuit based on the subject matter
of the invention which takes account of the recording angle 9, of a

| eft-hand fictitious opening angle a, of a right-hand fictitious opening

angl e p and gof, o%lnﬂ&%se %g&e%%%}?]%(}lyar 1 ELYR] of s deFCrihl ng, Lhe 14

directivity patter M S|g er to convert a nonophonic audio
signal into IWSitgimdl s ahe cheganrabacst el@ophoay zed. R¥urelde shchs a

variant for gdwe Gdicids idhd ignewhitg Whengids for the recording angle p,
the left-hand fictitious opening angle a and the angl e- dependent pol ar

interval f describing the directivity pattern of the Msignal it nust be
true that trﬁgew e515i Qﬁo(vsllt])léZ ¢@9rdt 2Ff rgrifncifdle 4si nZagoBeias not
equal to zerQ Aan.e 1?%? 8y %gggon around zero. Figure 17 shows a
further varléﬁijf e CIrCUIQ frgure 15, wherein for the recording
angle (p, the rlght hand flctltlous opening angle p and the angl e-dependent

pol ar interval,f-LHdessrLpLng Eah%lq‘cru%)‘%t I ilon Pafd ef i Of i bR Mushgaal, i1t nust
be true that the expression
Appllcatlon No. 06008455.5, converts a monophonic audio

signal into MS signals which can be stereophonized.

Figure 3 depicts the internal signals in the circuit

shown in figure 2.

Figure 4 shows a classic MS arrangement for the half
opening angle d =135 degrees, comprising an M system
with a cardioid directivity pattern and an S system

with a figure-of-eight pattern.

Figure 5 shows a classic MS arrangement for the half
opening angle d=90 degrees, comprising an M system
with an omnidirectional directivity pattern and an S

system with a figure-of-eight directivity pattern.

Figure 6 shows a classic MS arrangement for the half
opening angle a=53 degrees, comprising an M system
with a cardioid directivity pattern and an S system

with a figure-of-eight directivity pattern.

Figure 7 shows a classic MS arrangement for the half
opening angle a=45 degrees, comprising an M system
with a figure-of-eight directivity pattern and an S

system with a figure-of-eight directivity pattern.

Figure 8 shows a classic MS arrangement for the half
opening angle a=33.5 degrees, likewise comprising an M
system with a figure-of-eight directivity pattern and

an S system with a figure-of-eight directivity pattern.



( 12 ) 4s1n2 psini3 is not equal to zero or an elenent of a region around
zero. Figure 18 shows the paraneters ti, P1(tl) fromfigure 19. Figure 19
shows the flowhart for a nmethod based on the subject matter of the

i nvention which takes account of the rédording angle W of a |eft-hand
fictitious opening angle a, of a right-hand fictitious opening 15 angle p
and of an angl e-dependent polar interval f describing the directivity
pattern of the Msignal, given sufficiently small intervals rt, in order to
convert a nonophoni ¢ audi o signal into M5 signals which can be
stereophoniiﬁdﬁnﬁkt%j?@@WEnﬁédﬁﬁéﬁP§l§@dCE&@%%?a@96%®b¥ﬂﬁapﬁéﬁ§l§ﬂethe

Invention T phiipent Hpithetopsr atidigoBbbpRespl 6, of ian @ppanatys or a
nmet hod for steregphoni zing _a nonophoni c signal having an ommi directional
directivity tt]érg'r?‘iss bé‘glfi n‘éﬂe?ﬁn‘?i FIFE L 9 $Burt Sourt@Eero1 115 ecor ded
beneat h posiddaauritQ2 by a m crophone having an omidirectional directivity
pattern, with the main axis 103 and the directional axis 104 of the sound

source forming the angle p (105). 108 and 109 illustrate the geonetric
posi ti oni ng Iafounsoskl t wbowsmé atedcsignahs chhiasmvyerdduce mheaopheniigt ed si de

signal when spmed. SR Aropagald onyis me Jdighhelence il gonpagisonpw th the
m d signal for the sinulated left-hand signal is 110, and the |l evel of the
simul ated sisfeAieqRoEEdrai hédiPdonfEREUNEY ePE of t He Ghid isignahalt

mul tiplied ypdhiesguryie ef. the distance from 101 and 112 (level correction
t aki ng account of the sound |evel, which decreases wth the square of the
di stance). The propagation tine difference in conparison with the md
signal for tRegwiarul At edowsghin hananslgnalf ithelldpennditheplrénelipdfe t he

si mul at ed si LS. .ai.n r : evel. ,of _th Ld.si |

mul tiplied ﬁgﬁt %%saggggEgghtﬁgnéiggggggaprgﬁfz 1a%n§m%%§}§e%gagpgﬁting t he
| evel s, whi GHE9RGIWdY t Pattes sihgirdl Bdisvy 49566 agegodntectily with the

simul ated | efdrthand s gnatic pseduesentihg cdgil t odiagl am ik ghicgune 2 for a
circuit which converts a nonophoni C |nﬁ;t signal into M5 slggals whi ch can
be st er eophdniFed-1AscePPERRBE 131G dhoket rYeafly CHREY of FOWPNng-Tar &

obtained indlhissic MS arrangement on account of the use of a
system with 90 degrees rotation to the left which is
symmetrical with respect to the main axis and which has

a figure-of-eight directivity pattern for the S signal.

Figure 12 shows an example of the operating principle
of the invention for a signal having a cardioid

pattern.

Figure 13 shows an example of the operating principle
of the invention for a signal having a hypercardioid

pattern.

Figure 14 shows an example of the operating principle
of the invention for a signal having a figure-of-eight

directivity pattern.

Figure 15 shows a circuit based on the subject matter
of the invention which takes account of the recording
angle @, of a left-hand fictitious opening angle d, of
a right-hand fictitious opening angle B and of an

angle-dependent polar interval £ describing the



O 16 case for the propagation tine differences LA and LB and the gain
factors PA and Pm 5.1 (13).114 =-strtq) 42 1 (15 - 5

° 14

directivity pattern of the M signal in order to convert
a monophonic audio signal into MS signals which can be

stereophonized.

Figure 16 shows a variant for the circuit in figure 15,
wherein for the recording angle @, the left-hand
fictitious opening angle a and the angle-dependent
polar interval f describing the directivity pattern of
the M signal it must be true that the expression

(@

(11) ——:—-2-)—+f’(¢)~-f—.(—(9‘~)~*f(<p)*sin¢
4s1n° sing

is not equal to zero or an element of a region around

Z€ro.

Figure 17 shows a further wvariant for the circuit in
figure 15, wherein for the recording angle ¢, the
right-hand fictitious opening angle B and the
angle-dependent polar interval f describing the
directivity pattern of the M signal it must be true

that the expression
2

[
.n2

(12) ﬁwz(tpw{%*f@)*siw

is not equal to zero or an element of a region around

zero.

Figure 18 shows the parameters t;, P;(ti) from figure
19.

Figure 19 shows the flowchart for a method based on the
subject matter of the invention which takes account of
the recording angle ¢, of a left-hand fictitious

opening angle d, of a right-hand fictitious opening



-54- siny9 16)P-4 B 5 -sing) The nature of the internally processed signals
is shown in figure 3. The md signal 316 is contrasted therein by two

simul ated signals 317 (with the delay tine 310) and 318 (with the delay
time 311) (where 314 is the time axis arsd 315 is the |evel axis). The

maxi mum | evel point 302 is calculated fromthe maxi mum | evel point 312 on
the basis of formula (15), and the nmaxi mum |l evel point 313 is calculated on
the basis of_for ). tn_ord erive apparatuses, or nethods

oper ati ng onI{ émgyéﬁgf %Jl'n Igif%g?%e parpos egofp%%?]él rﬁrhtgeraval ¥
pseudost er e SPHoHI I iati shsj g(garectwstyofpaaiﬂeltrheOﬁ askec MSshatmilxi ng i s
consi der ed fairvarardpus: halfc npening am!&sv%% gﬁd variqus directivity

patterns of the Msystem The symetry of t stémwith 90- degree
rotation to the°f@ft WPt WW%tatEOPﬁQhﬁﬁFﬁ @)@1 L cofskdiea M sp5eeMSmeans
that an i nherigntafseathireh afaralde midredsHshaeLopeni ng angl e 2a which is

| i kewi se arranged symmetrically with respect to the main axis and which is
calculated fromthe points of intersection 017 of the overl apping pol ar

di agrans of Ldie iMesy skrnodinente Sndy Sixemp 1Eys, Adyyl eyt tfnexapplee figure
4 shows a cl@gassi G My arrangenent for the half opening angle a (406) equal
to 135 degrees; conprising an M system having a cardioid directivity
pattern and an S system having a figure-of-eight directivity pattern.

Figure 5 shawe agdiassi M5 afdangenent, E{)Qfait,hﬁghaﬁ)frlf?@?ﬂl@g argl g ,a (506)
n M system having an onni directional

equal to 90 de%[I eEh‘ conprisin a

di rectivity PETENSarfd an @%38 erﬁoﬁ‘a\ﬁtr?gr%PH}?%%l% ?i GRECBNPBAEL vity
paE ggg? Fi g;lL'ugElaﬂ shomisra azi&&sﬁﬁdi\ﬁe@timﬁﬁﬂfeéﬂivihﬁ bahtegaealsng angl e
a equ aree i sing an st em i.ng, a cardi oi

directivi ty%ﬁztltqzlregjea{nrg %lgéggp tent hai Wy ag?'ll{jﬁ?e :§ f et YhESEPrEEE vity
pattern. Fi @@P@aihshmsatmrassﬂ&wsk&r r angemetroptiontehe v fngpeanng angl e
a (706) GQU%IH&l‘Jﬁr@%ﬁ&%%%& %qf%dtsﬂ ’bd\ééé’]f& G%W'Pﬂeaﬁ{a&gurQ f-ei ght

dlrect|VIty l‘réattern and syste I'gure-of -erg I rec |V|ty
pattern. Figdre @<$hbhe éjlcqe&*sfsll@% éﬁéndé)rﬂen@ff &het heoyrd f seperieng angl e

a (806) equalosmaagS wegreeglel pkemicen conpsi shAg 1@ Mﬁ)ﬁ%@ﬁé@évkﬁg a
figure-of- e| |rect|V|t§ gattern nd an S system havi ng

fi gure-of - e’ ﬁfne% r&ct PPt patier T ARPBREenstdNn Sdf“%%%eﬁéﬁpﬁés
principle d@hlmed produde gu:rhe 1sisulhecaddiitdeonal gaansiviesat saAmet . a
fictitious f |G hown in.figure 9:.in this case,
sound sourcg % f%?grecor ed Iﬁeagmﬁgr%ng?oﬁ ﬁ%%ﬂ% ilm G gae

omi di rect | BA8l digrect i {ory that twimnilattet elefe-hand axignad03iandldbhe
directi onal agul .1804104c8N, SouRd Souee, {of %Hgﬁai‘”glse g%);e(:%ggég?” esh_

consideratign is given to_ the fictitious ening an
and the di réEPf“wtc paftéin of the midsisgraalar em’aé‘éélpil@edl fact Wederl ve

the geonetrkqupesi ticdni NhO08DEtdhee Si FUbat ed ghef tahand; $p gnah o $A1and the

geonetric poglrgflegp_llng 909 of

klngtrg%count of the sound 1level, which
decreases with the square of the distance). The
propagation time difference in comparison with the mid
signal for the simulated right-hand signal is 111, and
the level of the simulated signal is ascertained from
the level of the mid signal, multiplied by the square
of the distance from 101 and 113.

Reweighting the levels, which involves the input signal
being associated directly with the simulated left-hand
signal, produces the circuit diagram in figure 2 for a
circuit which converts a monophonic input signal into
MS signals which can be stereophonized. Ascertained

trigonometrically, the following are obtained in this



O 18 simul ated right-hand signa

SB, whi ch produce the sinulated side

si gnal when summed. The propagation tine difference in conparison wth the

m d signal

for the sinulated left-hand signal is 910, and the |evel

simul ated si‘gnal is ascertained fromth&é | evel of the md signal,

mul tiplied by the square of the distance from 901 and 912 (Il eve
taki ng account of the sound | evel,

di st ance) .

of the

correction
whi ch decreases with the square of t he

The a |on tlne fe e ri.s th th
signal for e Slﬁﬁqg¥ ed ?Foﬂ?gﬁ é £§ﬁ%IdA%f%%%R and hghl %n the
si mul at ed S|qhﬁﬂgaxm,a§nzquﬁ ﬁédahdoﬁmthe | evel of the md 5|gnal,

multiplied by the square of the distance from 901 and 913. The associ at ed
circuit, which has been slightly nodified in conparison with the circuit in

figure 2,

_is provided by

hal f openi ng @) e aljm dein@o convert a nonophoni ¢ audi o si gnal
signal s mhlch can be ste éophonlé% In this case, the foll ow ng

rel ati onships apply to t
gain factors Pﬁ and PB

2

1
(15)  Py=z—

~— 8N
P @

5 .

Z+SIH(P
(16) PB= 5 ]

7 sing

The nature of the internally processed signals is shown
in figure 3. The mid signal 316 is contrasted therein
by two simulated signals 317 (with the delay time 310)
and 318 (with the delay time 311) (where 314 is the
time axis and 315 is the level axis). The maximum level
point 302 4is calculated from the maximum level point
312 on the basis of formula (15), and the maximum level

point 313 is calculated on the basis of formula (16).

In order to derive apparatuses or methods operating on
the basis of angle for the purpose of obtaining a
pseudostereophonic audio signal, first of all the
classic MS matrixing is considered for various half
opening angles 2d and various directivity patterns of
the M system. The symmetry of the S system with
90-degree rotation to the left with respect to the main
axis of the M system means that an inherent feature of
all methods 1is an opening angle 2d which is likewise
arranged symmetrically with respect to the main axis

and which is calculated from the points of intersection

fgure 140, which takes account of the fictitious

nto MS

agation tine differences LA and LB and the
617g 1lslrup +1- 2si na4sin2asina 1 +1+ sinp (18)



a2si na4si n2asina 1sing9 (19) PA------- r+l1 4sin asina 1,+1+ sing, (20) PB
4sinsasina 19 Application of the subject matter of the invention to a md
having an omidirectional directivity pattern: A first exenpl
application f the invention, based onld nonophonic audi o signal having an
omidirectional directivity pattern, is shown in figure 11. In this
inline with the invention, a fictitious opening angle a + p is

si gnal

paranetering%h% $;$Vgr$§Péggﬁ;%ﬁﬁgE!%W%d{%]§h89dt gem&ngﬁgpg$ea%ﬁo

(situated to dro signal to be

t 0 axis o € nonopnonic a

st er eophoni z2éd) ,S pyvisgernhe fictitious right-hand opening angle 1107
(situated to the right of the main axis of the nonophonic audio signal to
be stereophonized) -that is to say.angles which cannot arise at all

cl assic M5 dffngeentiagn AccdURtPbe: t RdIYLE of aRCSSsyPsteh? ddFnlf>a

ary
case,

6

in a

figure-of - eighareneid idy Had tied nf Whbehti h@sa 991 degr @06t aguan o the
|€ s%/n’metrlcal with res t to . the mai.n axis. TI&e s%lbj ect
R ot aCEBPHLRANY 1Radd PESERE dbNider &t FBA REGST di ng

| eft and whi

matt er

t he mai n axidi mfcttihe tyonophohecnaudamd si gmal

of t

possi bl'y as%ﬂﬂﬁhgi%gjé¥dﬁeOH?rQB@ﬁbﬁgya@QE%%fﬁj'ﬁﬁgure 5 shows a

classic MS arrangement for the half opening angle o
(506) equal to 90 degrees, comprising an M system
having an omnidirectional directivity pattern and an S
system having a figure-of-eight directivity pattern.
Figure 6 shows a classic MS arrangement for the half
opening angle d (606) equals 53 degrees, comprising an
M system having a cardioid directivity pattern and an S
system having a figure-of-eight directivity pattern.
Figure 7 shows a classic MS arrangement for the half
opening angle a (706) equals 45 degrees, comprising an
M system having a figure-of-eight directivity pattern
and an S system having a figure-of-eight directivity
pattern. Figure 8 shows a classic MS arrangement for
the half opening angle da (806) equals 33.5 degrees,
likewise comprising an M system having a
figure-of-eight directivity pattern and an S system

having a figure-of-eight directivity pattern.

An extension of the operating principle derived from
figure 1 is the additional consideration of a
fictitious half opening angle d, as shown in figure 9:
in this case, a sound source 901 is recorded by a mono
microphone 902 having an omnidirectional directivity
pattern, where the main axis 903 and the directional
axis 904 of the sound source form the angle ¢ (205).
Fresh consideration is given to the fictitious half
opening angle A (906). This and the directivity pattern
of the mid signal are used to directly derive the
geometric positioning 908 of the simulated left-hand

signal Sa and the geometric positioning 909 of the

o beysteneoptronirzed with



Considered in detail, the arrangenent conprises a sound source 1101 which
is recorded by a nono m crophone 1102 having an omidirectional directivity
pattern, wherein the m crophone main axis 1103 and the directional axis
1104 of the °sound source formthe angl @8p (1105). Subsequently, a
fictitious left-hand opening angle a is paraneterized (1106) and al so a
fictitious right-hand openi ng angl e (1107) wherei n-if the sound source
can be cl assj.fi e_Ld as, bei.n 491 hae |l e nﬁ t £g§u%gl atj,anship
cila nust ap|51y S tHe Youlid Souf ce Tan class |e%l eing to the

ri ght of th@lmlrat@xi SSldeIw@Iga*raah|Vdn%rh|@Jrﬂ;@edmsrfh%plprypag@iz@oﬁuittlﬁ@r nmor e,

in all casesgy a region ar oundc(;ﬁ[gé)rm be rulgdput forigkand p
(since the leve s an propagation ti fferences cal.cul ated

tri gononet i | SAE3R2 baf aretdrs 25 L ke plebhverge owddd i hfi Ailly, that

is to say araelot echai Q@a'vle)l | §f easicbl €)mu A P, s&qgeuhelrs Wakhetria idietect i vity
pattern of t m d SI term. es £eXa %S|t|on| ng

ly t onet r.i
0108 of the SOl BPed i ertl hShd GniF s(sd)‘-{“ d BHE? getlﬁ 5t fPBhe
directivity suatdrer n of thieem diskgnak, deber MAEs exatt | 91£he (deovmetric

POSI L1 ont g 1109, ; e SiguLat £ 51 ght -handys! a0l S( 1o W ohspfoduce

the simul at e sl n sumred propagation tine ‘difference L(a)
in conpari soieqxietahﬁeﬁwe viteh si ghal Paratke Qfm,ulfeh%d feFEanand-si ghal is

|1110| a][ldt L fgﬁrdp;a\@%\ltlﬁ’{rﬁ)tﬂﬁel t@@F?ﬁég@%@éteﬁns'@ﬁ@ﬂaﬂl%fcﬁfﬁﬁi%ﬁl ogd inrlf@m t hilOl
evel O e . m SI nmul t1 1 e e e o e, di nce rom
and 1112 (| e?\i-&nac-'org tfl%% BaR ﬁ@tSEIC(?&ﬁP %%t‘ﬁe St Ije%eﬁﬁl

decreases WwitHe th@véiqualfe tofe t@ﬁnﬂl&t@dﬂlce)gnihe i o&agattahnédnﬁrdm‘ ference

L(p) in co n h.th na I b ht si gnal
is 1111, agg&i ‘é?/ py( of Jt gs rruFLat eg‘ %%g:éda e\gsyégt alﬁ%%%fromthe
| evel of thevﬁntchesmg!m:la,ncrmlﬂncm i"d Bnd H?d?square of the distance from 1101
and 1113. Trigononetrically, the followi ng delay tines L(a), L(p) and gain

factors P(a), P(0) (which, in order to allow unrestricted selection of p, a
and p, can Bdieapphfeeciatefe $ilgealis s(ayhhfd SOPF whPes  pr sdded tlive

si mul at ed sipdR;isiigRAli 3, ciSa BCEOE dir et Y 98t @i pedit On2%igh2d) 2, sisp
provided by figure 10, which takes account of the
fictitious half opening angle a in order to convert a
monophonic audio signal into MS signals which can be
stereophonized. In this case, the following
relationships apply to the propagation time differences

ILn and Lz and the gain factors P and Pg:

- . 1 \[ Ly sing
Fr g + -
(17) A 2sina V4sin*a sino

| 1 ] sing
=— + + 1+ ——
(18) Ly 2sing \];sinza sina

1 Sin
1,y Sing
4sin“ sino

(19) P,=

Sin
— +1+-';"'-££
4sin‘a sing

(20) Py =



+1 - 26na4si n2asi na (23) p.-2 +1 LIL-H 4sin asumsinT (24) Pfl-+1+ -
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Application of the subject matter of the invention to a
mid signal having an omnidirectional directivity

pattern:

A first exemplary application of the invention, based
on a monophonic audio signal having an omnidirectional
directivity pattern, is shown in figure 11. In this
case, in line with the invention, a fictitious opening
angle a + B is parameterized, where a is the fictitious
left-hand opening angle 1106 (situated to the left of
the main axis of the monophonic audio signal to be
stereophonized), P is the fictitious right-hand opening
angle 1107 (situated to the right of the main axis of
the monophonic audio signal to be stereophonized) - that
is to say angles which cannot arise at all in a classic
MS arrangement on account of the use of an S system
having a figure-of-eight directivity pattern which has
90-degree rotation to the left and which is symmetrical

with respect to the main axis.

The subject matter of the invention accordingly Ileads
to the consideration regarding the main axis of the
monophonic audio signal to be stereophonized with

possibly asymmetric fictitious opening angles da + B.

Considered in detail, the arrangement comprises a sound
source 1101 which is recorded by a mono microphone 1102
having an omnidirectional directivity pattern, wherein
the microphone main axis 1103 and the directional axis
1104 of the sound source form the angle ¢ (1105).
Subsequently, a fictitious left-hand opening angle 4 is
parameterized (1106) and also a fictitious right-hand
opening angle B (1107), wherein-if the sound source
can be classified as being to the left of the main
axis — the relationship @ £d must apply or - if the sound
source can be classified as being to the right of the

main axis - the relationship @ <f must apply.



4si n2sinfl Application of the subject matter of the invention to a md
signal having a cardioid pattern (figure 12): The arrangenent under
consideration in the present case conprises a sound source 1201, which is
recorded by “a nono microphone 1202 havi2ig a cardioid directivity pattern,
wherein the m crophone main axis 1203 and the directional axis 1204 of the
sound source formthe angle p (1205). Subsequently, a fictitious |eft-hand
Obening ang'sSA R AIEL Sl 1 2o (J206) L and 8. TLOLLLLgHs LLAI: Dang openi ng
angle p (12 , ereid again-if € 'sound source can be classifiéd as

bei ng to thewssftbef mHedmppntaxfer t Heand| Bt i onistie tpsa istlapping or the

sound source,ca b idpssifiedias being dorthefight of the pahR4 s-the
relationship (p5 13 nust apply. Furthernore, in all cases, zero or a region

around zer o TRISIONRFE T 15 i e®YouPafrgrReicaddipd( sPfde t e 1COPEREIENd
propagati on ddwerdi ffief encep, trtgenonmesri e | ys£pl calbat edebyinpakanst eri zi ng
a and p likewise converge toward infinity, that Iis to say are technically

i nf easi bl e) .l ,eatsdg)gteﬁe"r with the present directivity pattern for the md
signal, determ nes exactly the geonetric positioning 1208 of the sinul ated

oft - hand Siygnal 22cdaler AP chi ket se [ 9geLher WL Lhe gLy gali vi Ly
pattern under ‘corsi efation here, determ nés exactly the geonetric
posi ti oni ng SEZOS®lof t heowi nudgtedminght - haidd &ilghal SP), @kicRleterieduce t he

sinul at ed sigdss isdighalngvhan csumaed. the psapagatieen ticre -tiahier eaegah(a) in
conparison wth the mg signal for the simul g_ed | eft-hand signal is 1210,
and the |evel (%ra)2t Phe QIR ed' $HynilPSi SHEE T HinedP?FbRFERE T evel of

the md signale muldi pkigdaby t hetequanesof dtwectdigt anne f gewmb2@ticand 1212
(level correcti.qn taking ount. of, the sound | evel., .whi.ch decr.eases with

t he square °% chlo |1§ganéggi).(é Tﬁgé p?%%agsa I?l%lln%ef(fre r(:i"lgfhf erhear{lcqcei E&&%aﬁn
conpari son W ¢ ,t hethiickh spgndlickorthbe simulated rdight - arhagi gdleni s 1211,

and the |evelyn{R). of rfhe g ed s gnal Ls agsgertained fyomthg | evel of
the md si gnéll , multipli e.d%lﬂaﬁgtea square QIP t he di set arrllce frq&mlzolnand
1213. comparison with ™ the mid signal for the simulated

left-hand signal 1is 1110, and the 1level P(d) of the
simulated signal is ascertained from the level of the
mid signal, multiplied by the square of the distance
from 1101 and 1112 (level correction taking account of
the sound level, which decreases with the square of the
distance). The propagation time difference L(B) in
comparison with the mid signal for the simulated
right-hand signal is 1111, and the level P(B) of the
simulated signal is ascertained from the level of the
mid signal, multiplied by the square of the distance
from 1101 and 1113.

Trigonometrically, the following delay times L(a), L(B)
and gain factors P(a), P(B) (which, in order to allow
unrestricted selection of ¢, aand B, can be applied to
the signals S(a) and S(B) which produce the simulated

side signal S, are accordingly obtained:



Again, the followng delay tinmes L(a), L(p) and gain factors P(a), P(p) can
be trigononetrically calculated taking account of the polar interval f(y) =
-(1+cosT) 2 which describes the cardioid directivity pattern of the M

signal and vhich is dependent on the pahar angle LP (wherein the gain
factors-in order to allow unrestricted selection of cp, a and p in relation
to the directivity pattern-can be applled to the signals S(G and S(P)

whi ch produce the sinmul ated side_si - 0 23 (1+ cosa) 4sina (25)
10+nsaf 1 O-1- I ] .l sing

21 L =- + ;
(21) " 2sina V4sin‘a sinc

1 1 sing
L, =« 1+
(22) f 23in[3+\]4sin2ﬁ+ sinf

3 P I 1 Slll¢
= + -

(23) “ 4sin’a sina

(24) Py = ’ +1+sm(p

4sin’ B sinf8

Application of the subject matter of the invention to a

mid signal having a cardiocid pattern (figure 12):

The arrangement under consideration in the present case
comprises a sound source 1201, which is recorded by a
mono microphone 1202 having a cardioid directivity
pattern, wherein the microphone main axis 1203 and the
directional axis 1204 of the sound source form the
angle ¢ (1205). Subsequently, a fictitious left-hand
opening angle ais parameterized (1206), and a
fictitious right-hand opening angle B (1207), wherein
again - if the sound source can be classified as being
to the left of the main axis -the relationship ¢@=a
must apply or - if the sound source can be classified as
being to the right of the main axis - the relationship
¢ <f must apply. Furthermore, in all cases, zero or a
region around zero must again be ruled out for a and B
(since the levels and propagation time differences
trigonometrically calculated by parameterizing d and B
likewise converge toward infinity, that is to say are

technically infeasible).

a, together with the present directivity pattern for
the mid signal, determines exactly the geometric

positioning 1208 of the simulated left-hand signal



16t hn' a4 +C0S02 O+cosa)*0+cowysi nqi 4thna L | S4sinfi (26) +cosTh= ++ cos
9))2 +CS * (1 + coscp) sicup 16sin2/344sinfl (27) (I + cosa)2+ 1(1 +
cosq7)2 (1 + cosa) * (I + cosq))*sincp 16sinlad44sina (28) P, (1 + cos 0)2 +
1 (1 +cosng)2 4- (1 + cosfi) * COST)22 si n' "" 16sln2/34451nP

S(a), and B, likewise together with the directivity
pattern under consideration here, determines exactly
the geometfic positioning 1209 of the simulated
right-hand signal S(B), which produce the simulated
side signal when summed. The propagation time
difference L(d) in comparison with the mid signal for
the simulated left-hand signal is 1210, and the level
P(a) of the simulated signal 1is ascertained from the
level of the mid signal, multiplied by the square of
the distance from 1201 and 1212 (level <correction
taking account of the sound level, which decreases with
the square of the distance). The propagation time
difference L(B) in comparison with the mid signal for
the simulated right-hand signal is 1211, and the level
P(B) of the simulated signal is ascertained from the
level of the mid signal, multiplied by the square of
the distance from 1201 and 1213.

Again, the following delay times L(d), L(B) and gain
factors P(a), P(B) can be trigonometrically calculated

taking account of the polar interval

f(g) =—=(N+cos¥)

N[ —

which describes the cardioid directivity pattern of the
M signal and which is dependent on the polar angle W
(wherein the gain factors - in order to allow
unrestricted selection of @, a and B in relation to the
directivity pattern - can be applied to the signals S(a)
and S(B) which produce the simulated side signal 3):



Application of the subject matter of the invention to a signal having a
hypercardioid pattern (figure 13): The arrangenent conprises a sound source
1301 which is recorded by a nono mi crophone 1302 having a

hyper car di oi°ddi recti vi typattern, wher ei aBhe m crophone main axis 1303 and
the directional axis 1304 of the sound source formthe angle p(1305).
Subsequently, a fictitious left-hand opening angle a is again paraneterized
(1306) and al so a fictii{ous iight hand openi ng angle p (1307), wherein
again- if the soundLsgu be classified as being to the left of the
mai n axi s- 2 3 elatlonsﬂﬁﬂ“hf)lct nmust apply or- if the sound source can

be classifie bei SQs&¥ie 1ight of thecog®i N axis-the relationship cps.
13 nust apply. Agai hg%%é‘ @wos@%%&g%&%%@m zero nust be

ruled out for a and e the Ievels and propagation tine differences
trigonometrically calcul ated by paraneterizing a and p converge toward
infinity, that is tg sajl*afmﬁﬂ echnically infeasible). 24 a, again together
with the hypercardi ofd paddiggn of the md signal, deternines exactly the
geonetri c pogi26i)oni ng —ed—+e=f—t--haﬁd~*5| gnal s(a), p,

r—}aes—_-a#——t—he—&r-w}—&
together with the h i+\£ tliekhsp)delngr m nes exactly the
geonetric positioni %& 8@9’&) {1£1e S?@Eﬂ at@@hﬁl ght - hagd s?{gnal S(P), which
produce the sinulated side signal when summed. The propagation time
difference L(a) in conparison with the m nal for the sinulated
left-hand signal) i pl&MLJi@J&\é@VM)*UhQO byraimag ed signal is
ascert ai ned fromthe | evé$inaf the m d sigmbdinemul ti pI Ied by the square of
the distance from 1301 and 1312 (I eveI correctl on taking account of the
sound |evel, which dgcr 8agesb )\Nlt v Ertecosk) a(hgcgwigﬁ@e) The
propagati on t| m‘;} di f ﬁererm;eﬁ]a(p)zt n c ar|4$mw with the md signal for the
sinmul ated right-hand signal is 1311, and the level P(P) of the sinulated
signal is ascertained fromthe level of the md signal, nultiplied by the

squar e of tb@giilsiaad’i% fgomHS0dy 1343t dheodetay thieathba) tolep) and
gain factors E%P) can be %Fa i account of &1 ol a]‘ml nterval (28a)
f(p)=1- 1- 45 S*]%Q?lp pﬁ?ete\fé} u W‘% ith describes
the hypercardioid directi VI ty pattern of the Msignal and which is
dependent O%he af%gﬁﬂeﬁg] ecomgrlses a sound source 1301 which 1is

recorded by a mono microphone 1302 having a

hypercardioid directivity pattern, wherein the
microphone main axis 1303 and the directional axis 1304
of the sound source form the angle @ (1305) .
Subsequently, a fictitious left-hand opening angle O is
again parameterized (1300) and also a fictitious
right-hand opening angle B (1307), wherein again-if
the sound source can be classified as being to the left
of the main axis - the relationship ¢ =da must apply
or -if the sound source can be classified as being to
the right of the main axis - the relationship @< must
apply. Again, in all cases, =zero or a region around
zero must be ruled out for da and B (since the levels
and propagation time differences trigonometrically
calculated by parameterizing da and B converge toward

infinity, that is to say are technically infeasible).



trigononetrically calculated (wherein the gain factors-in order to allow
unrestricted selection of W a and pin relation to the directivity
pattern-can be applied to the signals s(a) and S(P), which produce the
simul ated side signal S): 0 25 (1- -n2# *COS a) Lit - 22 2sinalllT
1(1 -2 + -2 * cos a)2z + *coso2 ( 29 ) 4sin2a2 2 (I - -n+ -n * cosa)

O, again together with the hypercardioid pattern of the
mid signal, determines exactly the geometric
positioning 1308 of +the simulated 1left-hand signal
S(a), P, together with the hypercardioid directivity
pattern, determines exactly the geometric positioning
1309 of the simulated right-hand signal S(B), which
produce the simulated side signal when summed. The
propagation time difference L(d) in comparison with the
mid signal for the simulated left-hand signal is 1310,
and the level P(Q) of the simulated signal is
ascertained from the level of the mid signal,
multiplied by the square of the distance from 1301 and
1312 (level correction taking account of the sound
level, which decreases with the square of the
distance). The propagation time difference L(B) in
comparison with the mid signal for the simulated
right-hand signal is 1311, and the level P(B) of the
simulated signal is ascertained from the level of the
mid signal, multiplied by the square of the distance
from 1301 and 1313.

The delay times L(a), L(B) and gain factors P(a), P(PB)

can be (taking account of the polar interval

(28a) f(w)m1~§+-g-*cosw,

(where n assumes the value 1.5), which describes the
hypercardioid directivity pattern of the M signal and
which is dependent on the polar angle W)
trigonometrically calculated (wherein the gain
factors - in order to allow unrestricted selection of o,
a and B in relation to the directivity pattern - can be
applied to the signals S(a) and S(B), which produce the

simulated side signal S):



22nn * (1+ * coscp)* sing) sina2 2 (I - +-n* cos M2 2 LO -

n 22+ (1- - + -n* coscp)2 4sin2132 2 140 - -n+ -n *cosf3)

[+)

(29)

(30)

(31)

(32)

25
(}-—?+£*cosa}
L = L2
“ 2sina
_.fl._ s 2
+\[G >t cosar) +(l—-’1+f—*cos<p)2
4sin’ o0 2 2

(l--n~+£*cosa) n
— , *(I—-z—-+-é—*cos<p)*simp

L. =~
p 2sinf
n n 2
(I-—+—*cosf)’
2 .2 -2 4 Zxcosp)?
¥ 4sin’ B +( 2 2 ?)

(!—£+?—*cosﬁ) n n
22 *(1-5+-2—*cosqa)*simp

sinf8

(1 -—%4— 2 % cosa)?

n n 2
P = + (1= —+—*cosp)
g 4sin’a (-5 +g7oose

(1 --;E-t-f-*cosa)

n ]
- ¥(1 - —+ —*cos@) *sin
sina ( 2 2 ?) ¢

( —~;—+%*cosﬁ)2

n n 2
P, = +{(l-—+—%*cos
’ 4sin’ B (-5 + g Feose)

(-Z+=*cosf) o
2 2 *(l—-i+-£*cos<p)*sin(p

sinf

1(i *cosflf



22 sing (31)itn(l --+-*cosa2p =22+ (I n+n*coscp)2 4
sire’ a2 2 (1- -n+ -n*cos a) 22* (1--n+-n%* coso) * sing) sin a2 2
(1-
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Application of the subject matter of the invention to
signals having further special forms of a cardioid

pattern:

If the input signal to be stereophonized has special
forms of the cardicid pattern, the relevant propagation
time differences L(d) and L(B) and gain factors P(Q)
and P(B) can easily be calculated from formulae (29) to
(32). In this <case, the following applies for n:
0sn=s2.

If n assumes the wvalue 1, the gain factors and
propagation time differences for an input signal having
a classic cardioid directivity pattern are obtained,
for the wvalue 0 the gain factors and propagation time
differences for an input signal having an
omnidirectional directivity pattern are obtained, for
the wvalue 2 the gain factors and propagation time
differences for an input signal having a classic
figure-of-eight directivity pattern are obtained. If n
assumes the value 1.25, the propagation time
differences and gain factors for an input signal having

a supercardioid pattern are obtained.

The application of formula (28a) to the polar interval
f, resulting in the set of formulae (29) to (32), is
accordingly found to be particularly favorable. Only
the parameter n needs to be stipulated in order to
describe almost all possible directivity patterns for
the M signal, expressed in polar coordinates (apart
from the directional pattern, which, as Zfrequency
rises, increasingly has polar coordinates other than it

(28a) is able to represent).

Application of the subject matter of the invention to a

signal having a figure-of-eight pattern:



(32) it +-n* cosl13)2 2 P=4sinz g2 2 2 2 2 sing2 026 Application
of the subject matter of the invention to signals having further special
forms of a cardioid pattern: If the input signal to be stereophonized has
special forrfs of the cardioid pattern, 2he rel evant propagation tine
differences L(a) and L(p) and gain factors P(a) and P(P) can easily be
calculated fromfornulae (29) to (32). In this case, the follow ng applies
for n: 0 :Sfi§%rézl4 again shows a detailed illustration of the

instance of application for an input signal having a

figure-of-eight directivity pattern, which has already

been discussed more than once above. The arrangement

comprises a sound source 1401 which 1is recorded by a

mono microphone 1402 having a figure-of-eight

directivity pattern, wherein the microphone main axis

1403 and the directional axis 1404 of the sound source

form the angle @ (1405). A fictitious left-hand opening

angle A is parameterized (1406) and also a fictitious

right-hand opening angle [ (1407), wherein again-if

the sound source can be classified as being to the left

of the main axis -the relationship ¢@=<a must apply

or - 1if the sound source can be classified as being to

the right of the main axis - the relationship @ =<B must

apply. Subsequently, in all cases, =zero or a region

around zero must likewise be ruled out for a and B

(since the 1levels and propagation time differences

trigonometrically calculated by parameterizing a and B

likewise converge toward infinity, that is to say are

technically infeasible).

a, together with the figure-of-eight directivity
pattern of the mid signal, determines exactly the
geometric positioning 1408 of the simulated left-hand
signal S(a), and B, together with the figure-of-eight
directivity pattern, determines exactly the geometric
positioning 1409 of the simulated right-hand signal
S(B), which produce the simulated side signal when
summed. The propagation time difference L(a) in
comparison with the mid signal for the simulated
left-hand signal is 1410, and the level P(a) of the
simulated signal 1is ascertained from the level of the
mid signal, multiplied by the square of the distance
from 1401 and 1412 (level correction taking account of
the sound level, which decreases with the square of the

distance). The propagation time difference



If n assunes the value 1, the gain factors and propagation tine differences
for an input signal having a classic cardioid directivity pattern are
obtained, for the value 0 the gain factors and propagation tinme differences
for an input® signal having an omi direéBional directivity pattern are
obtained, for the value 2 the gain factors and propagation tinme differences
for an input signal having a classic figure-of-eight directivity pattern

are obtai negtgr rgss&u(gﬁ?] E?gm){al H?t% 294 ot henl[aro Qﬁépn tipe differences

and gain fa s for an signal "having a supercardioid pattern are

obt ai ned. Trﬁenaadmﬁe@ammtofhw reuil 128 Hallheamnahe.h@ewa&’ B)

resulting ingd h@éeglfaﬁlgeéaulﬁ%n(a@)lé 02638)rtalifecBCEASH NGy flayad to be
particularly favorable, Onl parameter n needs to be stipulated in

order to destri EEeaI%t Sélgpaﬁosslimb]rElHi‘L%%@t iRH t PIFatTEYMES f S t hEeM
signal , exprEssethden pebar ToOI didiat ea4(18parthér aBddel igdctseanabtpat t ern,
whi ch, as frequency rises, .inc sin | ar ord| at sotherthanlt
(28a) is ablf:(}t orira)e/prf Sent ile gfﬁl\‘r{l di nLgﬁows gd i Pea”
i | lustratiorfagftardse P (@t ,ankeBbf capplha:atabﬂnf Groan aqwmlg”mgna? h&ei ng a
fi gure-of - i Gt dieti yecﬁgatgl%r{b WY Chedags ) 1 epdy, begnediseussed more
t han once above e arrangement conprises a sound source 14 which is
recorded by %a néHBeﬁ?cro‘b‘h%ne &52%10)2) hﬁ@?ﬁ@rﬁ Tigur eRBfcRi ghto di Pééeivity
gigzerp t\rfl\hefr@é%ttﬂle;tr@oprsgqmt ﬁﬁfﬁldf |1591419§40 ?nﬂntfélfdt{_@ﬁt t@n@?eaﬁl sd
o] e sound ,saqurce faormthe angle ictitious |e an
openi ng angl€ &9 YdaramiersZead C(af48%3 a&?ﬁéfjaef t%Aﬁq%t FHJBEE risdﬁli) hand
openi ng anglagicp J(BA0Hhi ohherreiducagaihe isfintiie teound cowiemadars)be cl assified
as being to the left of the main axis-the relationship T5a nmust apply or-
if the sound source can be classified as being to the right of the main
axi s -the rdratliloedhion Tl Fhastulbtty n@Sbseqeenthy, inreatiosasesa zero or
a region aroundzer %d}f'v'%ttealﬂé&%ﬂo?ﬁztl%g“g e rHtsifPra1@ and p (since the
| evel s and propagation tinme differences trigononetrically cal cul ated by
paranmeterizing a and p |likew se converge toward infinity, that is to say
are techni cmﬂgsarienfpaSisbbe)s ad, citlagemelbamfeah ohhecifd gslulej ottenghter
directivity %rn of th md sbq deter .nes ex the geomatrlc
posi ti oni ng 40§ 5F tlﬁlé(e IC tgﬁgﬁ&a GRS 53 ARGV ddet her
with the fi gurte-eofn eﬂghtthedl mepﬁtvsugnpat tagran, wrdleﬂermlnees exaotithy wlfe
geonetric p mul ated_ri h Si (R Which
pr oduce theoczll rmlc%t&% e S|ngi11r% \?%en Sslll%m'red g?‘ftﬁt ﬁ?ggagg ?lgr%%t |Olrﬁ§
di fference p(paé)nurm ceﬁgéﬁl sdn wift hat hel o e-kaghal £ ifori tivasi ppeated

left-hand sigpale i g 1419, @dahheahgyeLdé’gQAaeQE tg;@léfmr%&dfasl gral is
ascertained fromthe level of the m.d mul tiplied by the square of

the di st anc&SGhPiagL B ?&E?CFPWED’ d%ﬁ’rtrt&:’ftr} ot t éi@iengﬁ4 attBuAt o t he
sound | evel ,or\@hirChtGECé@@ﬁéﬁtWat hmbfﬂlep&qamarce afidt be ﬂi@ﬁ@Dce)ntoThms
propagation t.ine.diff ce 28Lp) n_conparison w emd signal for

the simul at &d F1°gt - K rjr& si gAgI ? ﬁltﬁre the® ?eve ( of EHe”

si mul at ed sifgnaduliae a$8er ttai néd) f raam t he Iuamrﬂ dbrt hehen @rslpgtrgaaltlon

mul tiplied e st S m 1. and soci at ed
set of for rru¥m¥éa fg§9?§g38 ']?gcgze 5@?‘ P a]n%O tﬁ% %aal n g%fco?% 2(a),
P(p) can be R@&Kemrfd cﬁﬁféquaﬁh@)nsnlé\?t) ¥bg1(lab)lsaﬁaeﬂr giregiati ens th29) to
(32), if n i somalyton2 t(h%er@ag&@e @ﬁbn§a§1&ﬁ§ll N sOrfdefed oupl 110Wn
unrestricted selection of 9, a and in relation to t he dlrec ivit

patt ern- can B¢ alﬂ“pﬂmeds%%n%%ed@@ﬁﬁﬂsbg( DParfte ) EWRe ck (BY od HEd Ehe

simul at ed siide ﬂ@i’e&iu@tlﬁp&hpﬁﬁfi@ﬁ Bl the sgﬁojrecfaaabtep of ,t hewd
invention to a_Ci rtﬁlwt for sterep g 1(ﬂ?n|2| n]gea nono i gure 1ﬁishovvs a
circuit baséd SHTERE subj8RE malter of TEREST RNt it V\/n]lr}ﬂ‘l r?élréllai es the
directivity dedtatyerch lof the depaty 311grmILeﬁ1)d, V\bubheqakeslaccammmfofed he
recording a | ef n cti S i of a

ri ght - hand Trbq)cﬁ}??o élgpe%%ltg&ingl e5 Aﬁgqg‘f’ g%?@ang?lgggégﬁgeﬁt polqar
interval f &esdriBirgvthéidi We?:@wplfy Plagt erpl Fiemeh i si lghetB | musitder to

convert a ”%@%‘1@03'1% apdi 9. signal 15p1Q, Nﬁr?' gﬂql Sc%b%h calrbe or a
st er eophoni zé In this case, fornulae 3; can be used for t he

propagatlonﬁﬁQﬁQQﬂqQQHQQKﬁQFQ(%BS%h%@L{% eﬁnﬂthéoﬁaPnapgc or $1HCH and
P(P). The inm# 18vw@na drsl ysehajdteicdd kiage the Msignal in this case. The S
signal is added up fromthe input signal delayed by the delay tinme L(a),

whi ch is subsequently anplified by the gain factor 2(a), and a further
signal which represents the input signal delayed by the delay tinme L(p),
subsequently anplified by the gain factor P(P). Again, the relationship
95_a nust apply-if 9> 0 -or the relationship ipi5p nust apply-if < O.



29 differencestrigononetricallycal cul atedby paranmeterizing a and p converge
toward infinity, that is to say are technically infeasible). Derivations of
circuits which deliver equivalent signals under slight restrictions: Figure
15 can be used to infer a slightly restpictedly operating circuit of the
formin figure 16 when the gain factors are reweighted. In this case, the
restriction is the condition that for the recording angle cp, the Ieft-hand

fictitious Ie a and the angl.e- pendent erva
descri bi ng tcﬁ‘grP é1(:Ct| Vity gta]tjt% nnonbn%lhca %Si gnal c;?f&‘ﬂat@%e trud that t he
expre55|on @aaaﬁpt@@p21ﬁgfzm)pnﬂ(dé ¢biePrasi nPwada2asi ianitsy nothagual to
zero or %L( f%%ms &fL er%%'c% 2Qund 128705 1T )Pr opagation tine

an

dlfferences cited in“figure 16 |rectly represent equations
(3) and (4) in thls_case for the gain factors Pm and P((3)', the

relationshi peid34)tidn3P) of circuits which deliver equivalent

signals under slight restrictions:

Figure 15 can be used to infer a slightly restrictedly
operating circuit of the form in figure 16 when the
gain factors are rewelghted. In this case, the
restriction 1is the condition that for the recording
angle @, the left-hand fictitious opening angle d and
the angle-dependent polar interval £ describing the
directivity pattern of the M signal 1t must be true

that the expression

fz(a) 2 _m * o3
(33) -~—-—--48in2a+f(¢) Sina*f(tp) sing

is not equal to zero or an element of a region around
zero. The propagation time differences L(d) and L(B)
cited in figure 16 directly represent equations (3) and
(4) in this case; for the gain factors Py and P(B)"',

the relationships

1

(34) P, =
oy + 12(g) - f(a)*f(cp)*smqo
4sin*a
f (ﬁ) ¥ FA@)+ f(ﬁ)*f((p)*sm(p
. 4sin 5 ing
B e f@)
Aeinl o + fH) -2 ¥ f(@)*sing

apply.
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)2f (a) 4sin2a ff (0* sing sina f f 2 (cp) 4sin2gsing (36) Psf 2(a)
0 -f (a)* f(T)*Sini T Athia& na 30

° 30

In addition, the relationship @s=da must apply-1if
¢>0-or the relationship |@Q|<p must apply-if @<O0.
Again, in all cases, zero or a region around zero must
be ruled out for a and P (since the levels and
propagation time differences trigonometrically
calculated by parameterizing a and B converge to some
extent toward infinity, that is to say are technically

infeasible).

A second derivation from figure 15 given a change in
the reweighting of the gain factors produces a likewise
slightly restrictedly operating circuit in the Zform
from figure 17, wherein it must be true for the
recording angle @, the right-hand fictitious opening
angle [ and the angle-dependent polar interval £
describing the directivity pattern of the M signal that

the expression

(36) “3?6 f (qa)+f([2*f(tp)*sm(p

is not equal to zero or an element of a region around
zero. The propagation time differences L(d) and L(B)
cited in figure 17 are again equations (3) and (4) in
this case; for the gain factors Py and P(d)', however,

the relationships

1

f(ﬁ’ﬁ + P LB s sing

(37) Py=

f (o)
38 P 4SIn [#4
(38) f G

L9, prg)- f( 2 f(g)*sing
f(ﬁ)

+f @)+ *f(fP)*Sth

now apply.



In addition, the relationship T Sa nust apply-if (p> 0 -or the relationship
iwp nust apply-if (p< 0. Again, in all cases, zero or a region around zero
must be . ruled out for a. and p (since the |evels and propagation tine

di fferences °trigononetrically cal culatéd by paraneterizing a and 0 converge
to sone extent toward infinity, that is to say are technically infeasible).
A second derivation fromfigure 15 given a change in the reweighting of the
gain factors produces a likewise slightly restrictedly operating circuit in
the formfromfigure 17, wherein it nmust be true for the recording angle T,
t he ri ght - hawehifri,ct thieouse bpehdmgh Bnglfe< @ amdst hearangl e-idep@edént opol ar
interval f cribi ng: Lregt kgl at of Si l: t he
expression (. 6I%5 £§ﬁ$ﬁ§h%%)?§J_P %%f%*%gg{k)Jgéﬂff?@hi??%ﬁ%%%g "equal to
zero or an dlfemBht GFaELTegE6FCardting zEPSiOoTha pdshgaeien Wise Pe

di fferences Afia)d afd Ur chtes i@ (sonee ddeanevagai Anadpabipegstidh and (4)
inthis case; for t

e gain fact P P . h - th
rel ati onshi pST837) Brht 4 95}895 :ts‘—”fl@?@)oﬁgdﬁrf%%ﬁé’i n%e\sig‘fé?}c?%nfi Py 38)
Ma) f 24) 4A%bk2medexi(Aid)d @054Y 45i o@vérgéaro* fqme *estag) toward

infinity, that is to say are technically infeasible).

Application of the subject matter of the invention to a

computation method for stereophonizing a mono signal:

A  monophonic input signal can be arithmetically
represented using a coordinate system in the form in
figure 18, where 1814 is the time axis and 1815 is the
level axis. 1819 is the time t;, and 1820 is the level
point P;(t;) correlated to tj. For sufficiently small
intervals [t;, tiwm], that 1is to say a sufficient
sampling rate, it 1s now possible to depict the sound

event with sufficient accuracy.

Figure 19 shows the associated flowchart for a method
based on the subject matter of the invention which
takes account of the recording angle ¢, of a left-hand
fictitious opening angle d, of a right-hand fictitious
opening angle B and of an angle-dependent polar
interval f describing the directivity pattern of the M
signal, given sufficiently small intervals ([t;, tiu], in
order to convert a monophonic audio signal into MS
signals which can be stereophonized {under  the
simplifying assumption that the propagation time
difference L(d) or the propagation time difference L (jB)

remains unequal to zero).

For the propagation time differences L(d) and L(B) and
the gain factors P(d) and P(B), equations (3) to (6)
again subsequently apply.



ma f(P) *f (r)* sinO mfi 031 Again, the relationship (f;,a nust
apply-if p >0 - or the relationship ipip nust apply-if (p< 0. Simlarly,
in all cases, zero or a region around zero nust be ruled out for a and p
(since the I%evel s and propagation tinme3differences trigononetrically

cal cul ated by paraneterizing a and p converge to sone extent toward
infinity, that is to say are technically i nfeasi ble). Application of the

subj ect nat Eﬁl V?Qﬁéo%' %éﬁ ﬁ ézt%e agﬁ%hgd Jléﬂ ter@88h0n|2|ng

a nono S|gna Shoni & nput hrret 1 y re resent ed
using a COOﬁdﬂﬁate §y@héd1hn WheChoﬂﬁalﬂCtughlE B8ldaghere 181efn i $hehe tine

axi s and 1815 4.5 the hgieldéf%§ed1§%9 E%ethﬁelhﬂﬁ Eum@an%ﬁzo WﬁlEhe level
poi nt P(t) correlateg or sufficiently |ntervals [t" nj,

that is to §&P§?QHﬁQQ%ﬁe#ﬁ %%ﬂ%%fh%drgﬁetmq 9%$quﬁﬁiﬁﬁ%lﬁlg toaBQplct t he

fsloundheven]E aM thrspéfi leejﬂalG}CC\M}ﬁﬁ@ly i gtie 19pshowsidhel assackaled
owchart (0]

t t whi ch
t akes accou %ﬁy%41 E@%SgﬁgagngPémfgi fr ngv%géq%%%%f§|%@¥ ﬁ%hggopehfng
angle (1, ofbya ﬁﬂghtﬁhamd ﬁkﬂﬁxﬂ10&dﬁdpenﬁh@ angberptand afilas out
angl e- dependent 0l an, it eryval 4 q§§cr bi th ﬁdifﬁctgghg¥a9att%ﬁg of the

M si gnal , given suff|C|entL¥ smal | intervals | I'n order to convert
@

a monophoni ¢ ehidiiersitgial Pis® o MS ts| @t 8 ieirchsieah Be 9sréitdBshonifed
(under the sppp) Ligy nghasstapd ¢ tondigs tlhﬂﬂﬁfoﬁ@Q@U:ﬁprﬁy e di fpf epence L(a)
or the prop%gatlon tinme, dlffﬁrence L(Qz remai ns unequal to zero).
imilarly, in all cases, ero or a region around ‘zero
must be ruled out for a and B (since the levels and
propagation time differences trigonometrically
calculated by parameterizing a and B converge toward

infinity, that is to say are technically infeasible).

Derivations of two computation methods which deliver

equivalent signals under slight restrictions:

Method 1: If it remains algorithmically assured that
(33) is not equal to zero or an element of a region
around zero, a computation method similar to figure 19
can be applied to a monophonic input signal for
sufficiently small intervals [ti, tixa1] in a manner shown
in figure 16, but with the M signal (the array [Mi(ti)])
now appearing amplified by the factor (34). The S
signal (the array [Si(ti)]) is the result of the
addition of the input signal (the array [Pi(ti)])
actually delayed by the delay time L(d) (see formula
(3)) to the input signal (again the array ([P;i(ti)])
actually delayed by the delay time L(B) (see formula
(4)) and then amplified by the factor P(B)' (see
formula (35)). The algorithm must rule out inadmissible
values of a and PB: the relationship @ <d must apply-if
¢@>0-or the relationship [@ISf must apply-if @<O0.
Similarly, in all cases, zero or a region around zero

must be ruled out for a and B (since the levels and



For the propagation tine differences L(a) and L(p) and the gain factors
P(a) and P(P), equations (3) to (6) again subsequently apply. 032 An M
signal (the array [RF,(ti)])and an S signal (the array [Si(ti)]), which is
actually added up fromthe input signaB3del ayed by the delay tinme L(a),

whi ch subsequently is anplified by the gain factor P(a), and a further
signal, which is the input signal actually delayed by the delay tinme L(p),

subsequent |y anplifi.ed by the gain factor P(P). Th [ rul out
i nadmi ssi bl é)r\?gé@eag‘lé)fn a antdlnbg I'n %leﬁ%e?]é??ég%e re 5? %ﬁ%ﬁfgg%é"g%ﬁz appl y
for such al gerictimeed fb@>perapetenézisbatd onshi B ICPISEnassttappbpei f p< 0.

Similarly idalle casgsa aera.fi @ d£ol 0fngtound, zegg Misty beeybed out for

a and p (since the | evels and propagation time differences
tri gonornet r iteANi cEdllculiafed s ledr-anet eri zing a and p converge toward
infinity, that is to say are technically infeasible). Derivations of two

conput ati on et hods_which deliver .equival ent  si d | i gh

restricti onye%‘ﬂoa: 1: 75 ¢ 1 3?88@%1‘5‘?5%#?%”}5{%}%@%&?5&?% 33) is
not hegua! _tlo(%e)r oifsv_r nat edacgmmht tof zaan*ciegbmn aar oehemeet o ofa compgtiati on

met hod sim e i - I Ccl i | f
suf 1 ci ontl ySHB Torer val SSRESCRHTR 1 ey Show | &P rgar &°16. but .
with the M siagnalli&@hésar gy fmPIi¢d] Eonoww AEPERNCARG Campivdt edlbpatlhe
factor (34) -fo@%éﬁ'cﬂf@lth henArr ahde3ddiisd 1, StiNg rasuhk abnhke

addition of the input signal (the array [PI(ti)]) actually delayed by the
U%ls‘?@’f%ft’ E%J'g(aﬁiﬁ]Shéloﬁrray

del ay tine )t i®ee tlohmiidh (9 N 51t np
[ E (t,)] I) ?icatpwglmtrﬁ;gl %ampéﬂiby%af;@ydeta? tﬂamlioh( g%ﬂ)se_erﬁfn@r In&;ul a;_ig(ﬁxé)l) and
nen b 118 DY L0 {960 B (e ol (oo Lie gy et
(p> 0 -or thée elmpionshigpailpi Chruseérappl yPLftopd OacShal Lar Ky lavedal |
tcﬁzels’evzlegog% anlggi QL 1afpund; zer o st besLdl edoutifor asppd 3si nce
subsequently amplified by the gain factor P(a)' (see
formula (38)) to the input signal (again the array
[P;(t3)]) actually delayed by the delay time L(B) (see
formula (4)). The algorithm must rule out inadmissible
values of a and B. The relationship @ <d must apply - if
@>0-or the relationship [@|sSB must apply-if ¢<0.
Similarly, in all cases, =zero or a region around zero
must be ruled out for d and B (since the levels and
propagation time differences trigonometrically
calculated by parameterizing a and B converge to some
extent toward infinity, that is to say remain

technically infeasible).

Observed overall, the apparatuses and methods described
naturally also permit the amplification of the
respective input signal before a subsequent delay is

executed.

Examples of areas of application for the invention

The three-dimensional breakdown of a sound source
recorded at a particular angle ¢ has great practical

significance particularly for telephone signals. In the



33 propagationtinedi fferencestrigononetrically cal cul ated by paraneterizing
a and p converge to sone extent toward infinity, that is to say remin
technically infeasible). Method 2: If it remains algorithmcally assured
that (36) i not equal to zero or an eBdnment of a region around zero, a
conputation nethod simlar to figure 19 can |likew se be applied to a
nmonophoni ¢ i nput signal for sufficiently snmall intervals [t, til.1l] in the
manner of figure 17 ith . the Msignal (the array (tid1) appeari ng
anpl i fi ed by(’%tsnee foafct\(l)ﬁrar(%)freﬁe ‘Er%én%ﬂ (?‘h‘geﬁarif%/ly %Jé‘%(t)l?%ﬁlu s? he
result of thetadditiilers ofrt Her nputesighaltelebboayr aytie, fpnpphoadtual |y
del ayed by the,dal ayytd ik L(@)pd 588 § ny% an§3) dopRdssuRSEAYeRL! yhanpl i fi ed
Siror BT see Torml & 138)) "To the faput o g

by the gain factor see ] o the 1 nput signal (again the
‘array [Pl (t, 999! actiggTiedEtasied Hitidel el ayt e neCPPpFiFsee2PBfREFa (4)).
Thle al gorih_t h‘rB_i_rgi%irerslérﬂ:"lClUt !I][fe}((jm %%ml@kﬂér\;ﬁl Uﬁélt@bl@gaﬁ_dlp;l fg?%hods |
rel ati onship must appl y- i > 0 -or the relationshi st appl y-
f op< O sanTasmiabed R iR alri g, oF br et B5EOnCHr ORATERrE Mgt bo
ruled out famgeandpp ¢since thentevehsland pnopagalava tihe debflerences
L7} gonomet 1Al i EAGH! al Gl Dy ar angler | 21hg, @ and.d CaRK8LIe KA Some

extent towar finity, that 1s to say-‘remain technically infeasible).
bserved overdididaned igppapat uses apdimet hoed ddsdmasbednndtha ally-adl so

permt the ampldfdrcabiron f theurespestive, | nR skgnale befiere ta subsequent
delay is executed. Exanpl es of areas of ap]E)I ication for the invention The
t hr ee- di mensisdral Bk LR D20 5D UNdERAurRE FAE5FAEASt TAIBA RO ar

angl e p has qgeeaingr actdiegle si gngfi cance par sipskgukytior tehephorel
signals. In the QC Aﬁﬁc@% of hands-frecitldevi ces suchrgs are used in

aut orobi | es Br¥For ot tf epliBRYIt¥e FSnopHbhi ¢ ST ghar"Eni ¥ &d i s

per cei ved aslirdtercory espendietigone thetredls i npeskobdeor ytsit uste ona the
Opposi t & appPeAns - QI ARESON! “ci ddui NOMEVELe P@Hﬁohﬁgfgahrg‘ﬁg@?d%or

associ ated with the prior art are useglto ascertain the’ang y or to

f unct i onal | y¥aRRErpol e eat helpokars tegmdineaties ¢ hos3l bl ubyngi fige lof
al gorithm c \ppnghderat hgh ofnide WRXRB AReh Mdtidmdn hheopakarodi agram of

the input signal), and if the fictitious |eft-hand openin angle a and the
fictitious r%gbttﬁrz%%‘é’erﬁlr@%rb Wy %J}?stéiﬁ?glntq%f&ﬁgijccﬁbﬂ'
algorithmcally or manually to the recording and listening situation, it is
possible to yse a (mnjaturizable!) circuit in the form,n .figur , for
exanpl e, to%het aipﬁ(oaces ue]‘ﬂreeo%lﬁ%/ni §esi%ﬁ%}?aﬁurvflntghfimr?a 03\17@%#& ri%fﬁlrrfg];d‘,s whi ch
t akes much greatmtiraccountwivicla sowed| seuroey seedatipokeunger ovataadal

condi tions. stereophonically.

Similarly, if the direction of depiction of a sound
source - insulated by means of signal processing - within
a stereo image 1is perceived as being too acute, the
direction of depiction can be gradually dispersed by

applying the subject matter of the invention.

The shaping of the directivity pattern of the input
signal (possible point by point by varying the polar
coordinates which describe the directivity pattern of
the input signal, comprehensively possible, by way of
example, by means of the application - associated with
the prior art-of comb filters in conjunction with
methods based on fast Fourier transformation (FFT))
before it passes through an arrangement or a method in

accordance with the subject matter of the invention can



The procedure may be simlar wth nonophonic sound recordings in which
sound sources need to be reproduced stereophonically. Simlarly, if the
direction of depiction of a sound source-insul ated by neans of signal
processing- Within a stereo image i s péhceived as being too acute, the
direction of depiction can be gradually di spersed by applying the subject
matter of the invention. The shaping of the directivity pattern of the

i nput si gnal ssi bl e _pai nt oi nt aryin he |.a di_nat es
whioh deccr iBERRE fal s Phelriara b RAPR SR EnE EBBE o BRensi vel v
possi bl e, byliwsctafviexamplteedyy afedie dinpttie sdpyplalcats orerasslocieat-ed with
the prior art-of conb filters in conjunction with nethods based on fast
Fourier transformation (FFT)) before it passes through an arrangement or a
net hod i n add6r dahe ek 1o t heaBubPedi egt t & of OYRE2{ hveRtPpan fdarnt3s .
s]g)rreth i mes i @Urﬁi&k{dﬁcﬁﬁsufél f%&he%@tﬁ;mﬁ@wat muhe i dii frleekli winky. pftlt tern
of the input sign i S nor i zed. e . invention can,achieve an overa
significant(%%ﬂéiéaﬁﬁqﬁﬂ?'ﬂgptﬁégpéﬁré?ﬁgériGQKHU?Pngﬁ% é?BnﬁﬁereO%
consi der at i drs afhesigfirale patthslimbhedappl itdat ietantdierseafbdve .t her ef or e not
limted to the exanpl es above. 36 Patent Cains 1. An apparatus for

st ereophoni zing a nono signal, characterized by



(a) means for the evaluation of an angle 9 between a sound source and a

m cr ophone main axis (aa) wherein a fictitious opening angle a, which
adj oins the m crophone nain axis on the left, is not an elenent of a region
around zero or equal to zero, and whergif, if the angle p is positive, the
condition is satisfied that the angle is less than or equal to the angle
a,; (bb) wherein a fictitious opening angle p, which adjoins the

m crophone main axis on the ri ght,Piaﬁ?ﬁﬁlﬁmsel enent of a region around
zero or equal to zero, and wherein, "I e angle 9 is negative, the
condition is satisfied that the absolute value of the angle T is less than

or equal to the apgl &fraratus () YPEFE-PnG i 1S 1aVI hynpatd &y Of the
nono signal to be stereophonized is representable i n polar coordinates;

(b) neans fofFPRKACESFEERSt PBn of a gain factor PO, which is dependent on
the angle co, on the angle a and on the directivity pattern of the nono
signal to be stereophonized (representable in polar copordinates); (c)
means for the? aI88$§?i£%§ﬁéQFg§Vﬂf?%€%%? P Pf?\ﬂﬁ%ﬁ%i@ GEFETEENT on the

angle T, on tbkendngberpearddon therdpheoti maiy paitern of the nono signal
to be stereophonized (representable in polar coordinates); (d) neans for
the calculation of a delay tine Léa),.mhich is dependent_on the angle (I),
on the angle a andaa37gbeshinhed diteetitiPuy p@cndmy odnghe fend'Bi¢hal to

be stereophoniyzednkr epeesfirAY@nieN mRAhal G QO RAfLSlert (&)s MRANSak or the
calculation of "a delay time L Oé, whi ch i s dependent on the angle ti on the
angl e p and G6ACPRBCdiIYec? i TREYOPafLeMRY% e FondefgniP 38 T5e 2an

st er eophoni zetlefreepr, esent e eahglpokpricopssi vates) the( fdonuanisor ors t he
direct use Ofs athg f g.%@lo t%'a%n %lh et %n% & t(pe rieso I:theOsnsl Zcq'ldanasort heequrg P £ gﬂ% ;
angle «o;

(bb) wherein a fictitious opening angle B, which
adjoins the microphone main axis on the right, is not
an element of a region around zero or equal to zero,
and wherein, if the angle @ is negative, the condition
is satisfied that the absolute value of the angle ¢ is
less than or equal to the angle B;

(cc) wherein a directivity pattern of the mono
signal to be stereophonized is representable in polar

coordinates;

(b) means for the calculation of a gain factor P(Q),
which is dependent on the angle ¢, on the angle a and
on the directivity pattern of the mono signal to be

stereophonized (representable in polar coordinates);

(c) means for the calculation of a gain factor P(B),
which is dependent on the angle ¢, on the angle B and
on the directivity pattern of the mono signal to be

stereophonized (representable in polar coordinates);

(d) means for the calculation of a delay time L(Q),

which is dependent on the angle ¢, on the angle a and



(g) means for delaying the nono signal to be stereophonized by the del ay
time L(a) and anplification of the del ayed signal by the gain factor P(0);
or alternatively: the anplification of the nono signal to be stereophonized
by the gain factor PO and the del ay of;ctshe anplified signal by the delay

time L(a); (h) means for delaying the nono signal to be stereophonized by

the delay tinme L(p) and anplification of the del ayed signal by the gain
factor P(P); or.alterpativ : npl 1 §4 catkonn@io t Begrano sé gbal to be
stereophoni?%dtﬁft %E%%%%fi%%t%?%ﬁ%P) and the dela Q{ tﬁg %mplified
signal by t#eedebplyonined L(Fypregentaphst® diokdte %%‘bﬁ iT¥h-Gt t he signal s
obt ai ned under (g) and (h) in order to obtain a side signal; and (j) neans

for the stereo decoding of the md and_side signal, i.nto a.ster si gnal
2. A net hod fei gte@*ﬁ)@opg%ﬁi A%y aamﬁaaaﬁaap? C%ardgcl% rigle ébge@)’ t he

eval uation gfian arglepEdriweam acseuadgseudce candilze nkegbPhEneFai n axi s
(aa) wherein a fictitious,openin e i.C }, Oi e gbhcengphone
mai n axis oﬁntﬁémie@%Fngnggyaﬁ%ngggkb gFeWﬁkahmégb bl

"ement of a redion around zero or
equal to zegeeranghvhéreidn (riéprehentagle pniBopeEi $PYEIIRHESROAI tion is
satisfied that the angle T is less than or equal to the angle a; (bb)

wherein a fictitious opening angle p, which ad%oins the.m crophone main
axi s on the (f)ghmeans detr the irect use of the mono sidgna e

stereophonized as the mid signal;

(g) means for delaying the mono signal to Dbe
stereophonized by the delay time L(a) and amplification
of the delayed signal by the gain factor P(a); or
alternatively: the amplification of the mono signal to
be stereophonized by the gain factor P(d) and the delay
of the amplified signal by the delay time L (Q);

(h) means for delaying the mono signal to be
stereophonized by the delay time L(B) and amplification
of the delayed signal by the gain factor P(B); or
alternatively: the amplification of the mono signal to
be stereophonized by the gain factor P(B) and the delay
of the amplified signal by the delay time L(B);

(i) means for the addition of the signals obtained

under (g) and (h) in order to obtain a side signal; and

(j) means for the stereo decoding of the mid and side

signal into a stereo signal.

2. A method for stereophonizing a mono signal,

characterized by

(a) the evaluation of an angle ¢ between a sound
source and a microphone main axis
(aa) wherein a fictitious opening angle d, which

adjoins the microphone main axis on the left, is not an



an elenment of a region and wherein, if the angle pis is satisfied that the
absolute | ess than or equal to the angle or equal to zero, negative, the
condition value of the angle T is P; (cc) wherein a directivity

pattern of the nono signal to be sterzpyhonized is representable in polar
coordi nates; (b) the calculation of a gain factor P(a), which is dependent
on the angle T, on the angle a and on the directivity pattern of the nono
signal to beglsheneophoni zedy{sepaesentabkeoi mrpaaralcoordizrabtes)ynd (c) the

calculation of a,gain _factor P(P), which is. nd he . |
the angl e pwgﬁaebﬁ’tﬁg gﬁF%c??%f%ywpéf%é%ﬁéggﬁgﬁé ﬁ@%ogngﬁgﬁgggjﬁép’ o
st er eophoni zedibfepdesbntabhe Bngpel @ isodedisnates) or c@ualhdéx ARGl ati on

of a depend nythe angle p, directivity pattern of delay time L
which is ongghégaﬁgle a and on the y P y (a),

(bb) wherein a fictitious opening angle B, which
adjoins the microphone main axis on the right, is not
an element of a region around zero or equal to zero,
and wherein, if the angle @ is negative, the condition
is satisfied that the absolute value of the angle @ 1is

less than or equal to the angle B;

(cc) wherein a directivity pattern of the mono
signal to be stereophonized is representable in polar
coordinates;

(b) the calculation of a gain factor P(Q), which 1is
dependent on the angle ¢, on the angle d and on the
directivity pattern of the mono signal to be

stereophonized (representable in polar coordinates);

(c) the calculation of a gain factor P(B), which is
dependent on the angle @, on the angle B and on the
directivity pattern of the mono signal to Dbe

stereophonized (representable in polar coordinates);

(d) the calculation of a delay time L(a), which is
dependent on the angle @, on the angle a and on the
directivity pattern of the mono signal to be

stereophonized (representable in polar coordinates);

(e) the calculation of a delay time L(B), which is
dependent on the angle ¢, on the angle B and on the
directivity pattern of the mono signal to be

stereophonized (representable in polar coordinates);

(£} the direct use of the mono signal to be

stereophonized as the mid signal;



the nono signal to be stereophonized (representable in polar coordinates);
(e) the calculation of a delay tinme L(p), which is dependent on the angle
T, on the angle p and on the directivity pattern of the nono signal to be
st ereophoni zed (representable in pol ajgcoordinates); (f) the direct use of
t he nmono signal to be stereophonized as the md signal; 3900 (g) the
del ay of the nono signal to be stereophonized by the delay tinme L(a) and

anplificat|9€ Ofﬁﬁgedgﬁggy%Q %Hﬂ“ﬁoﬁW'§b@n8@'ﬂof%§t%Eé%é@phdﬂized
alternativel i cation of the nbnaq, si nal t st nlzed by
the gain fa@YthP(éFléMdtﬂﬁé &épéyaéﬂ PW@léﬁﬁFP ied §i %gi 6%5 elay

Ej'elffgyl-g :’i?m Ei@%alha%ydedtlaé/f élhheam]@@ ﬁﬂ@gal 3o betsﬁ:eaed)plamyl ze:dheby t he
nd amplification of t

P(P); or al ?égié?FQ@F§7 Nt o a‘?ﬁ ti P&t IS g‘rgn%flattho r%o%onsagselr%yo 1%% g‘ﬁécp factor

ster 6|Op[1)0n![ ﬁ?dghﬁ tgae ngdiat factbia)P(#)d abide t Heldgl af @ﬁiet hmmlw:aerd ed

signal by the delay t ddi t f th

under (g) aﬁag?ﬁ§ ¥x %ggebgﬁo 0 ghg ié& addition of the signals obtained

_ obtarn side signal; and (j) the stereo
decoding of the md and side signal into a stereo S|gnal. 3. The appar at us

for stereophgpi ziRg @MRRO ¥ 9 @Sno signal to be stereophonized
by the delay time L(B) and amplification of the delayed
signal by the gain factor P(B); or alternatively: the
amplification of the mono signal to be stereophonized
by the gain factor P(B) and the delay of the amplified
signal by the delay time L(B):

(1) the addition of the signals obtained under (g) and

(h) in order to obtain a side signal; and

(3) the stereo decoding of the mid and side signal

into a stereo signal.

3. The apparatus for stereophonizing a mono signal as

claimed in claim 1,

(a) wherein the gain factor P(d) is equal to the
squared polar interval for the angle a, divided by the
squared sine of a multiplied by 4, plus the squared
polar interval for the angle ¢, minus the product of
the polar interval for the angle d, the polar interval
for the angle @ and the sine of ¢ divided by the sine
of a;

(b) wherein the gain factor P(B) is equal to the
squared polar interval for the angle B, divided by the
squared sine of B multiplied by 4, plus the squared
polar interval for the angle @, plus the product of the
polar interval for the angle B, the polar interval for
the angle @ and the sine of ¢ divided by the sine of B;



clainmed in claiml1l, (a) wherein the gain factor POis equal to the squared
polar interval for the angle a, divided by the squared sine of a nmultiplied
by 4, plus the squared polar interval for the angle 9, mnus the product of
the polar interval for the angle a, t ol ar interval for the angle 9 and
the sine of 9 divided by the sine of C, (b) wherein the gain factor P(P)
is equal to the squared polar interval for the angle p, divided by the
squared sing of POVLLLP!ERO Dyoflyy Pl titnd he, ajuaried polian | nder vale for the
angle 9, pI the product o olar interval for the.an he polar

i nterval foneghElﬁﬁgpelgrahﬁtﬁhea ferothe @ngiged  pyivHéee %l%@p

(c) whereingthg: dgl %\Arié n@fL(oD) mequab tayidhe negati e pohar ganrrerval for
the angle 0, divided by the d g e of a, plus the square root of the
gai n factor PFé?rd3§€?|B%80th? )in ? ‘wherein the delay tinme 1(13) is
equal to the negatlve polar interval for the angle p, divided by the

doubl ed S|n§89 gﬁggggﬁrtgﬁesqggkgﬁrogimgf ﬁﬂ@ gaiy f or R(P) descri bed

in (b). reop i zIng a nono si as claimed in claim
2, charactenegedlby ppaprt hetgaivalf £otrorthe( @nsdgudl: KH“{ & quartetf pol ar

interval dohﬁg anal &, &, ¢ :Fade?lgg the sg(?.zig@éi gobe off athkl tgpin ed by 4,

pl us the squared pol ar 1 nter or the an p, mnus the product of the
pol ar |nter¢§FtpérPtﬁé gﬁﬁpélgedthé pBlar interval for the angle 9 and the
sine of p divided by the sine of 9; (b) the gain factor P(P) equal to the
squared pol ar |nt rval for .t ngl e divided b qua Si of p
miltiplied By 4, TBPus"¢HCdq 5%éd§5%¥§§PW%R%%V%_ %o ‘?HZ gn %%19 Q%Ius t he
product of theipeldarn nileriwal?,f chatrhetamgkzedpbyt he pol ar |nterval for the
angle p and the sine of p divided by the sine of P; (c) the delay tine

L(0) equal to the negative polar interval for the angle a, djvided by the
doubl ed si ne aof ahqﬂg@lmhéa§@@éré?ﬂﬁbte@ﬂa@héxgthefé§W&xQQ)B% 2fibed in
(a); interval for the angle a, divided by the squared sine

of a multiplied by 4, plus the squared polar interval
for the angle ¢, minus the product of the polar
interval for the angle d, the polar interval for the
angle @ and the sine of ¢ divided by the sine of a;

(b) the gain factor P(B) equal to the squared polar
interval for the angle B, divided by the squared sine
of B multiplied by 4, plus the squared polar interval
for the angle @, plus the product of the polar interval
for the angle B, the polar interval for the angle ¢ and
the sine of ¢ divided by the sine of B;

(c) the delay time L(a) equal to the negative polar
interval for the angle a, divided by the doubled sine
of a, plus the square root of the gain factor P(Q)

described in (a):;

(d) the delay time L(B) equal to the negative polar
interval for the angle B, divided by the doubled sine
of B, plus the square root of the gain factor P (B)

described in (b).



(d) the delay tine L(p) equal to the negative polar interval for the angle
p, divided by the doubled sine of p, plus the square root of the gain
factor P(P) described in (b). 41" 5. An apparatus for obtaining an

equi val ent stereo signal for the stergep°signal obtained in accordance with
claim1 froma nono signal, characterized by (a) neans for the eval uation
of an angle p between a sound source and a m crophone main axis (aa)
wherein a fpetit pAUSSEREN MY afghe dotavhi Oy adnoi aguihelancr optere® mai n
axis on the lLeft, is not an elenent of a region.arqund zergo o al to
zero, and wAEPBRM, fﬁrtligeanakgrﬁois?%ﬁﬁﬁ%ﬂ gégaﬁﬁggcoh%itﬁ%ﬁ?éqggéa i sfied

t hat the angléehpcilailhe$sfrhmnaomoequaligtali he angl e a; (bb) wherein a

fictitious gﬁggggg anglLy B, Which adjoins the m crophone main axis on the
right, is not an efemment OV a region around zero or equal to zero, and
wherein, if the angle p is negative, the condition is satisfied that the

absol ute valye ofchbhe angl e isvhesstibancer equalgltd phecangler B
(cc) wherein a directivity pattern of the npno signal to be stereophonized
i s represenfBPe PRUpEFarEodr BRAPREONS MAIN (F¥ISyherein the condition is

satisfied that the squared polar interval for the angle a, divided by the
anai e p. minus tRBSbr BAEETEr 4 ne RO AORRr GHAAL For THe" atdl & he pol ar
interval fordgheénanghe piamdphieaesimadnofaxp sdiovi dég Byefithe isi moofam is not
an el ement @f AHRIIAN Ar pUPd LR QhqeGal, & 285021 to zero, and
wherein, if the angle ¢ is positive, the condition is
satisfied that the angle @ is less than or equal to the

angle a;

(bb) wherein a fictitious opening angle B, which
adjoins the microphone main axis on the right, is not
an element of a region around zero or equal to zero,
and wherein, if the angle @ is negative, the condition
is satisfied that the absolute value of the angle ¢ is
less than or equal to the angle B;

(cc) wherein a directivity pattern of the mono
signal to be stereophonized is representable in polar
coordinates;

(dd) wherein the condition 1is satisfied that the
squared polar interval for the angle d, divided by the
squared sine of d multiplied by 4, plus the squared
polar interval for the angle ¢, minus the product of
the polar interval for the angle d, the polar interval
for the angle @ and the sine of @ divided by the sine
of & is not an element of a region around zero or equal
to zero;

(b) means for the calculation of a gain factor Py',

which is dependent on the angle @, on the angle a and



42" on the directivity pattern of the nono signal to be stereophonized
(representable in polar coordinates); (c) neans for the calculation of a
gain factor P(P)', which is dependent on the angle p, on the angle a, on
the angle p and on the directivity pajfesrn of the nono signal to be

st ereophoni zed (representable in polar coordinates); (d) neans for the
calculation of a delay tinme L(0), which is dependent on the angle (1), on

the angle a, andc(rfw ahﬁeetasng'r@tb@ﬁﬁ es8 fnd hgoABNG igjrgnal tho e

st er eophoni zed resent ab ol ar coordlnates% % nmeans for the
cal cul ati onS&6f£racH PayzﬁﬁnérEPﬁ?seﬂE?@%e S0 JRpeitiert OB tReSRhgl e 9, on the

angle p and on the directivity pattern of the nono S|gnal to be

st er eophoni epres nta e in polar, coordinates fpr t he
arrplificatléﬁSj FE@S Qﬁmﬁa{)u%ﬁ?%%%r%%pﬁoﬁﬁégd éﬁﬂ] n f act or

Pm in OrdEWthhObbdepEHﬂahGl@mathe @gylaeanscﬁmrtUQlaygﬁg Khe(ﬂbno
signal to b%hst%r§g Eﬁﬁgdg% EQ@ ggggxt%bggg gg%terghbgnqgg§]ﬁgﬁodelaylng

t he nono S|gnal stere oni ze tinme L(p) and

anpl i ficati ehgoflt h@od&@yesctesneg:fmorwq%e gapﬁeﬁaetél@lp( Pyn: pplar

al ternatively, Hhesaephi.fication of the nono signal to be stereophonized by
the gain factor P(P)and the delay of the anplified signal by the delay tine
L(P); (i) neans for the addition of the signals obtained under (g) and (h)
in order to (ghtameaassi fer skgpaldaland (fiorreans of ofeldg stieweoL (ecodi ng of

the md andw%&%% %éyggpéﬂgéhg'gﬁe%ﬁg %5%T@'¢, on the angle a and
on the directivity pattern of the mono signal to be

stereophonized (representable in polar coordinates);

(e) means for the calculation of a delay time LB,
which is dependent on the angle ¢, on the angle B and
on the directivity pattern of the mono signal to be

stereophonized (representable in polar coordinates);

(f) means for the amplification of the mono signal to
be stereophonized by the gain factor Py in order to

obtain a mid signal;

(g) means for delaying the mono signal to be

stereophonized by the delay time L(d);

(h) means for delaying the mono signal to be
stereophonized by the delay time L(B) and amplification
of the delayed signal by the gain factor P(B)'; or
alternatively: the amplification of the mono signal to
be stereophonized by the gain factor P(B)' and the
delay of the amplified signal by the delay time L(B);

(i) means for the addition of the signals obtained

under (g) and (h) in order to obtain a side signal; and

(1) means for the stereo decoding of the mid and side

signal into a stereo signal.



43 0 0 O 6. A nethod for obtaining an equivalent stereo signal for the
stereo signal obtained in accordance with claim2 froma nono signal
characterized by (a) the eval uation of;ancangle y between a sound source
and a m crophone main axis (aa) wherein a fictitious opening angle a,
whi ch adjoins the m crophone main axis on the left, is not an elenent of a
regi on around zero or equal to zero, and wherein, if the angle y is

posiLive The conmiméﬂnoansatbbih@dih@aanthQuaﬁgheny ESek@?3shb@alorhequal
to the angle wher ei n Lcti,tious opening an iC

2 of ns ¢ ne. TR br BBRoRESREPn aTNeL oRBERESFHGhT , SFCCROPNGR BREfertaoh a
regi on around fZeen armeguatigmalkero, and wherein, if the angle y is
negative, th@h&?&éﬁé#??e& %atisfied that the absol ute val ue of the angle y
is less than or equal tot angl e P; (cc) wherein a directivity
pattern of the nono signal to be stereophonized is representable in polar

coordi nates; (a) thé d@va\mﬁﬁ@lc{hthﬁ C‘aﬁd' bh De' spsaddisfdad thatsolhg squared
pol ar interval for t%§ di vi de e squared sine of a multiplied

by 4, plus tRe"suat Ja?r‘i’?ﬁ%‘?‘?/ﬁajfrbr%f% angle y, mnus the product of
t he polar interval for the angle a, the polar interval for the angle y and

the sine of y divi e si_ne. of S not_an elene of .a region around
zero or equal to %%g QM%% dlrecﬁgﬁéklou%teFeangt rg-Im)no Slgﬁgl%to be
stereOphoniz@@]Qx@@r@h@nmabr@phﬂn@omaxnCQ@Lalﬂatéby,left is not an

element of a region around zero or equal to =zero, and
wherein, if the angle ¢ is positive, the condition is
satisfied that the angle ¢ is less than or equal to the
angle o;

(bb) wherein a fictitious opening angle B, which
adjoins the microphone main axis on the right, is not
an element of a region around zero or equal to zero,
and wherein, if the angle ¢ is negative, the condition
is satisfied that the absolute value of the angle ¢ is
less than or equal to the angle B;

(cc) wherein a directivity pattern of the mono
signal to be stereophonized is representable in polar

coordinates;

(dd) wherein the condition is satisfied that the
squared polar interval for the angle o, divided by the
squared sine of o multiplied by 4, plus the squared
polar interval for the angle ¢, minus the product of
the polar interval for the angle o, the polar interval
for the angle ¢ and the sine of ¢ divided by the sine
of o is not an element of a region around zero or equal
to zero;

(b) the calculation of a gain factor Py, which 1is
dependent on the angle ¢, on the angle o and on the



(c) the calculation of a gain factor P(P)', which is dependent on the angle
p, on the angle 0, on the angle p and on the directivity pattern of the
nono signal to be stereophonized (representable in polar coordinates);

(d) the calculation of a delay tine L%fgq whi ch i s dependent on the angle
p, on the angle a and on the directivity pattern of the nono signal to be
st ereophoni zed (representable in polar coordi nates); (e) the cal cul ation

of a delay Li ' ' |.s, dependept _ on angle. p; on.theyangle p
and on the 8%?%%%%%?%¥ ziﬂéﬂgéﬁ%bf ?ﬁe H@%% sﬁ%ﬁ§1 tg gglstereophonized

(r epresent abtergnphoharegodrepnasesiable (i pRkaamPe¥ite@dh) of the nono
signal to be stereophonized by the gain factor Pm in order to obtain a md

si gnal ; (?) t he del ay of the nono signal to be steggophonhze hy the
delay tine LEd):thencalkalagdiay 61f t Ae IRoRo G Y Pher sPELESpHGhi zed by
the del ay tiyaBehlphtand ampl idfiQat iwn of the debayed,signahebyartdies gain

factor P(P)',; or alternatively:, the anplificatjion, of i | to be
st er eophoni Ped@"fy Thd i ?%éﬁ%ﬁ{%¥F%E%ﬁﬁF?h%kdgpgym%F%t%gggﬁ%1%??ed
signal by tbe dekagophneikég) (repryseheakhddi tnopobirt heosdgnalesbbt ai ned
under (g) and (h) in order to obtain a side signal; and (j) the stereo
decoding of the md and side signal into a stereo signal. 4500 7.The
appar at us f dd)st heopthizialgien nodo i giedlevast enai de@®in ¥harhh 5LS

dependent on the angle ¢, on the angle O and on the
directivity pattern of the mono signal to be

stereophonized (representable in polar coordinates);

(e) the calculation of a delay time L(B), which is
dependent on the angle @, on the angle B and on the
directivity pattern of the mono signal to be

stereophonized (representable in polar coordinates);

(f) the amplification of the mono signal to be
stereophonized by the gain factor Py in order to obtain

a mid signal;

(g) the delay of the mono signal to be stereophonized
by the delay time L(Q);

(h) the delay of the mono signal to be stereophonized
by the delay time L(B) and amplification of the delayed
signal by the gain factor P(B)'; or alternatively: the
amplification of the mono signal to be stereophonized
by the gain factor P(B)' and the delay of the amplified
signal by the delay time L(B);

(1) the addition of the signals obtained under (g) and

(h) in order to obtain a side signal; and

(3) the stereo decoding of the mid and side signal

into a stereo signal.



(a) wherein the gain factor Pm is equal to the reciprocal value of the
result which is calculated fromthe squared polar interval for the angle a,
di vided by the squared sine of a nmultiplied by 4, plus the squared pol ar
interval for the angle T, mnus the p ct of the polar interval for the
angle a, the polar interval for the angle (p and the sine of <p divided by
the sine of a; (b) wherein the gain factor P(P)is equal to the product of
the gain fagtor ' in (@) -2ad hhei19ahp hagielb R(iRhadesa ibed in
clain13(b);9'(c)%gkeggﬁﬁ&kﬁggdgﬁgy%%Fne E(a)lis gqual to the negative polar
i nterval forclehmednghecaaidi vided by the doubl ed sine of a, plus the square
root of the result which is calculated fromthe squared polar interval for
the angle a, divided by the squared sine of multiplied by .4 t he
squar ed poldﬁ)inWé?%SPnfth?hegéﬁﬁle%?F%ﬁFnuthhéjbréﬁﬁ%%loﬂu%hghgilar
interval foretherasghevaluche fpajhar destdnvalhifadr itshecalmilayad frrithe sine
of T divided by the sine of a;. (d erein e Yot i g (g Iy equal to
t he negativghﬁoﬁQMQHﬁé;Ré%aﬁcﬁné?%y%ggfgprB isﬂggg by the doubﬁiﬁ si ne of
p, plus thetsquarmaredt sife e oeguiltt ighiied by dal R e rda FRY squar ed

pol ar interval,_for. I , f3uvi Yot hgysauar edesSigioictp ¢®l tiplied
by 4, plus lpﬁ)elasrqu%ﬁ%%‘g%?a?o?nttg{reval (?%)%) 'Epﬁe%c}an lLe T, plpl}(sb.the roduct of
the pol ar i rher wladorintrrengl £0p, thRe2pELar ai'ntgcéﬁ/a‘?dfaol? wa_ee]éﬁ% e T and
the sine of ¢fdiMideshdyet peagidnarf $ind.dheg, mevhaedf dry stz espheni zi ng a
nmono signal as clained in claim6, characterized by 46" (a) the gain
factor Pm étf—u&i; to the reciprocal value of the result which is cal cul ated
fromthe squared polar interval for the angle a, divided by the square sine

of a multipljed by 4, .plus.the ar ak gateryal 4 theanghe T,
m nus the product effetlr’i'le %&earg?%#er%%gor@t(ﬁé angl e aC?Iat he (gl a{‘ i nterval
for the angleccthard ¢hetlse ngadh FadbordBd IHEsdidkghel vf (&) a‘g ) ttfie gain

factor P(P)’ & 1 he @r ity 19fed he gaidnof actor; Pm described in (a)
and the gai r?af%ggtaéoaré%( P) (c!@scri berdJL ien claim3(b); (c) the delay tine L(a)
equal to the negative polar interval for the angle a, divided by the

doubl ed sineOf andihdisn t hensquariey oatinef the)redul t eafuiadh ite caheul at ed
[rom the saus o0, polof | ateLual, o0 L1e AN Sudh, Ol gt by squared
m nus the prasuste®f sihe pdl ar, ipites vahef squele ammgite &f the peisadti nterval
for the anglg T.and the, sing of I, 8LViAEdsBYatBE Bb28rOtinRerval for

the angle «a, divided by the squared sine of d

multiplied by 4, plus the squared polar interval for

the angle ¢, minus the product of the polar interval

for the angle o, the polar interval for the angle @ and

the sine of @ divided by the sine of a;

(d) wherein the delay time L(B) 1is equal to the
negative polar interval for the angle B, divided by the
doubled sine of B, plus the square root of the result
which is calculated from the squared polar interval for
the angle P, divided by the squared sine of P
multiplied by 4, plus the squared polar interval for
the angle @, plus the product of the polar interval for
the angle B, the polar interval for the angle @ and the
sine of ¢ divided by the sine of B.

8. The method for stereophonizing a mono signal as

claimed in claim 6, characterized by



(d) the delay tine L(p) equal to the negative polar interval for the angle
p, divided by the doubled sine of p, plus the square root of the result
which is calculated fromthe squared polar interval for the angle p,

di vided by the squared sine of p nult%gJaed by 4, plus the squared pol ar
interval for the angle plus the produ of the polar interval for the angle
the polar interval for the angle T and the sine of T divided by the sine of
p. 9.An apparatus for obtaining an equivalent stereo signal for the stereo
signal obtained in accordance with claim1l froma nono signal,

charact eri zéd) bytha7'gaia) faecsr f by ﬁﬁéw@vdkmathQnr@ﬁlQﬁOQﬁéléﬁglﬁ%tmeen a

sound sour cgrangh& @egﬂ&howﬁl%' N @Xi% 1 culatd@arrvherehd %cfdacrtéd' ous
openi ng angl e_a, which adjoins the m crophone main axis on the left, is not

an el enent BPlérré@P%¥W%%nﬁRFzE?% 6Pgé6u8ft4}%&9%ﬁ BYd TRRerSIURTS | t he
angle p is pesktiye, dheluqangﬂltllean ]b§ sza,tl §3fllu%d that sdpeasagl edfadr is | ess
than or equal ,to t ereugla flctltlous oqﬁplng angl e

he Fir oh
p, which adfBFRE"E bfiond? %ﬁ?n dX|§18Hst ¢i gFCCE ndt dd'%l enent
of a regi onpaleundnzervadr fequalhd cazer®, danthehpréam, umtaﬂwakﬂﬁpmeT'ls

ne0RL LY L RCARULLI BNahs, SAL) shhedokhgt dtbeqalisalutaevat e OF kpe anole

is less than or ual "'to the erein a dlrecf|V|ty
pattern of the nono signal to be stereophonized is representable in polar

coor di nat eS;(bR the( 4@l nWher&idy tths C'O@dgliépntéstﬁét bsbiueedtt at drhe squared
polar interval for the angle t he squar.ed sine %%P mul tiplied

by 4, plus BRé&NsFHTERF pBll’far gﬁ?%%@%fg -Or féhe ahg % FRES tHEHoduct of
the pol ar ipt@yjvaksteibtbheianglieip, 3tbhe;polar interval for the angle 9 and
the sine of 9 divided by the sine of pis not an el enent of a region around
zero or equal to zero; (b) neans for the calculation of a gain factor PM
whi ch i s degendehheordalmy ahgine T,(00n ¢weahngloe prandegatie diokxtivity

pattern of ER%e@%Q Hgnalnd 0,061 8t &f, ePNANZEL D T BRECSRREARIE 4 ol ar

coordi nate .
of a, plus the square root of the result which is

calculated from the squared polar interval for the
angle a, divided by the squared sine of 4 multiplied by
4, plus the squared polar interval for the angle @,
minus the product of the polar interval for the angle
d, the polar interval for the angle @ and the sine of @
divided by the sine of a;

(d) the delay time L(P) equal to the negative polar
interval for the angle B, divided by the doubled sine
of B, plus the square root of the result which is
calculated from the squared polar interval for the
angle B, divided by the squared sine of B multiplied by
4, plus the squared polar interval for the angle @,
plus the product of the polar interval for the angle B,
the polar interval for the angle ¢ and the sine of @
divided by the sine of B.

9. An apparatus for obtaining an equivalent stereo
signal for the stereo signal obtained in accordance
with claim 1 from a mono signal,

characterized by



(c) means for the calculation of a gain factor P(a)l, which is dependent on
the angle 9, on the angle a, on the angle 13 and on the directivity pattern
of the nono 48" signal to be stereophonized (representable in polar
coordinates); (d) neans for the calculation of a delay time L(a), which is
dependent on the angle 9, on the angle a and on the directivity pattern of
the nono signal to be stereophoni zed (representable in polar coordinates);

(e) means for,the calculati,gn o t] ( i Ghl endent on
the angle Q?abn PﬁéngnéPé 695%d£%%1€%%ﬁ%?rggfﬁbiE%I]£$t@rﬁbgyg§ﬁeghnno
signal to beoshdreophoni 2ed g¢ropeesehoadlwaim polar coordinates); (f)
nmeans for the anplification of the nono signal to be stereophoni zed by the

gain factor Pm in order to obtain a md signal; (g ans for_delayin
the nono signal t(éabewéﬁé?éépWonf%%HlB%y'o‘tl%eO@@Inécﬁ?gti%fégnf?a?'ar’(ﬁ‘lc% yine

anplificatignjefnthendehayedppicaeahaby thke sgann thacterft2(d)s ;nar an
al ternati vel

- the anplification of the nono signal_to,he reo ized b
the gain fa@ﬁﬁweﬁﬁ'C%ﬁditﬁ%gﬁ%Pa?r8FnEh§e§ﬁpﬁF??%%u%igggl2%%%?héﬂggrgietin%
é(?); t_(h) ﬁaam&iho_r)icfeltakyé nfgnglne wonics spgmat ive, behst ecesiiicwinzelds by t he

elay tinme e n or, i f e sl ined d
(g) and (h) S%‘%Erf&(e?rd oS egen aggggdgd%sgnl%g;sog%m S Rl O Aled under
angle d;

(bb) wherein a fictitious opening angle B, which
adjoins the microphone main axis on the right, is not
an element of a region around zero or equal to zero,
and wherein, if the angle ¢ is negative, the condition
is satisfied that the absolute value of the angle @ is
less than or equal to the angle B;

(cc) wherein a directivity pattern of the mono
signal to be stereophonized 1is representable in polar

coordinates;

(dd) wherein the condition is satisfied that the
squared polar interval for the angle B, divided by the
squared sine of B multiplied by 4, plus the squared
polar interval for the angle ¢, plus the product of the
polar interval for the angle B, the polar interval for
the angle ¢ and the sine of ¢ divided by the sine of B
is not an element of a region around zero or equal to

zZero;

(b) means for the calculation of a gain factor Pu,
which is dependent on the angle ¢, on the angle B and
on the directivity pattern of the mono signal to be

stereophonized (representable in polar coordinates);

(c) means for the calculation of a gain factor P(Q)’,
which is dependent on the angle @, on the angle d, on
the angle P and on the directivity pattern of the mono



(j) means for the stereo decoding of the md and side signal into a stereo
signal. 10. A nethod for obtaining an equival ent stereo signal for the
stereo signal obtained in accordance with claim2 froma nono signal
characterized by 49" (a) the evaluq&iaﬂ of an angle T between a sound
source and a m crophone main axis (aa) wherein a fictitious opening
angl e a, which adjoins the m crophone main axis on the left, is not an

el ement of g, pegion. ar ound 21,005 8AYaL 1 P-2810c ANk WICT B Np it he angl e

T is positiVve e conditionis satisfied e ang Is’l'ess than or
equal to theocandieates); (bb) wherein a fictitious opening angle 0,

whi ch adjoins the m crophone main axis on the right, is not an elenent of a
region around zero or equal to zero, _.and wherein, if the angle Q{) is
negative, the) coRerRPorfds &hei SHlEYeRaPDt L aBsslSid v’éHﬂg df(%he angle p
is less tpawﬁgéhqualqet@ﬁd@ell ta[)tgi et an%le_ (pqg)qrv\:htﬂﬁeei angldi ulecatrid/ityl
pattern of the no signal t e stereophonized is repr.esentaple.in polar
coordi nat es® the gy Cghg?gyn34%§%ﬁ%d??h§$%sm%%?i§ﬁQQ#%hg tHe squar ed
pol ar i ntersakréophbhizadgleepredentaete byntbelsqueveddsiameesf;p nul tiplied
by 4, plus the squared polar interval for the angle p, plus the product of
the polar interval for the angle p, the polar interval for the gle p and
the sine of (¥)di weded Hpn hehei walsulgtiionnotf ap «deknt téfea I &Yiron ar ound

zero or equghitfl 3er Yepddierdthescatgyl ahor ¢f, awainefaeyoe PBriand which is
dependent on the angle T, on the angle p %nd on the dIrBCtIVI%é attern of
or

the nono si §Ralth® BeTSEELEbEHoM ATt e eseltit alBPRO| P isBt Y nat es) ;
(c) the cal sukatbphonfzadgarsptastntabPla)in phbish tsodepeateni;on the angle

T, on the angle a, on the angle
(f) means for the amplification of the mono signal to
be stereophonized by the gain factor Py in order to

obtain a mid signal;

(g) means for delaying the mono signal to be
stereophonized by the delay time L(a) and amplification
of the delayed signal by the gain factor P(Q)'; or
alternatively: the amplification of the mono signal to
be stereophonized by the gain factor P(a)' and the
delay of the amplified signal by the delay time L(Q);

(h) means for delaying the mono signal to be

stereophonized by the delay time L(B);

(i) means for the addition of the signals obtained

under (g) and (h) in order to obtain a side signal; and

(j) means for the stereo decoding of the mid and side

signal into a stereo signal.

10. A method for obtaining an equivalent stereo signal
for the stereo signal obtained in accordance with claim
2 from a mono signal,

characterized by



500. p and on the directivity pattern of the nono signal to be

st ereophoni zed (representable in polar coordinates); (d) the calculation
of a delay tinme L(a), which is dependent on the angle p, on the angle 0 and
on the directivity pattern of the rmn&as& gnal to be stereophonized
(representable in polar coordinates); ~(e) the calculation of a delay tine
L((3), which is dependent on the angle T, on the angle p and on the

directivity ttern of e signal_ t stgr ized, (r ent abl e
in polar c_ocgg ingbgs)?v"%?ﬁ@ﬁg adrr%l |%Tn| cg{l?gﬁ o] ?ﬁéélmrr%%% %gnﬁjﬁ be

st er eophoni zedrby &hé gamncfaphonePrpiinavdtder to obtain a md signal; (9)
the delay of the nobno signal to be stereophonized by the delay tine L(a)

and anplification of the delayed signal by the gain factor P(a),, ,or
al ternatively: tHKe2anphprRéatioonfsFTERECHDBNOPSRGRE 3 He Qt'er%blqubni zed by

the gain faghgpiRY taadniibeogabay ehihhexaspbinfiteed Siegngl iy rtdie aelay tine

L(O); (h) t?e del ay of the nono signgl to be stereo hg izz% byg del ay

time L((3); S¢FPPhe Addt t FOR-BF PREUEFgRAS SHt af Hed unger %&’ and (h) in

o_r(cjier to o:owaemeansi def stigmabngaad@(jds thessteveo teeodiomglidgfliorhelsi d and

si de signal _int t bagnal . 11, T | Zi

"ono i gnal SSE%F;F%EEB?% %}hgl %lng,llg o The 1appanatys JoresilLr aaphand zi ng a
angle o;

(bb) wherein a fictitious opening angle B, which
adjoins the microphone main axis on the right, is not
an element of a region around zero or equal to zero,
and wherein, if the angle @ is negative, the condition
is satisfied that the absolute value of the angle @ is
less than or equal to the angle B;

(cc) wherein a directivity pattern of the mono
signal to be stereophonized is representable in polar

coordinates;

(dd) wherein the condition is satisfied that the
squared polar interval for the angle B, divided by the
squared sine of B multiplied by 4, plus the squared
polar interval for the angle @, plus the product of the
polar interval for the angle B, the polar interval for
the angle @ and the sine of ¢ divided by the sine of B
is not an element of a region around zero or equal to

Zero;

(b) the calculation of a gain factor Py, which is
dependent on the angle ¢, on the angle B and on the
directivity pattern of the mono signal to be

stereophonized (representable in polar coordinates);

(¢) the calculation of a gain factor P(a)', which 1is

dependent on the angle @, on the angle a, on the angle



51" the squared polar interval for the angle p, divided by the squared sine
of p nultiplied by 4, plus the squared polar interval for the angle p, plus
the product of the polar interval for the angle p, the polar interval for
the angle Wand the sine of wdivideq5 > the sine of p; (b) wherein the
gain factor POs equal to the product of the gain factor Pm described in
(a) and the gain factor P(a) described in claim3(a); (c) wherein the

delay tinme L(a) ,is equal to the negatiy arci r fQr le a,

di vi ded by héz‘&oﬁl?iggl e ‘{ﬁ% Lr%aﬁééﬁlsq%%rgﬁgo}é?hgf %;l er&?e?l}{gt whi ch
i s cal cul at ed Etemebhaosduadedrpprasenhietealnfpelahecepgiinag el i ded by
the squared sine of a multiplied by 4, plus the squared polar interval for
the angle W mnus the product of the polar interval far thﬁ.a gle a, the
pol ar intervd) fohet eabeiglatiranelit e siedévof Eiwrdi Vi Gea by ﬁﬁﬁ stthe of a

(d) whereingtbhendehay dd menb( Rhdie efidabnt cHdeangyat iveapdl an ititerval for
the angle p, divided by I

. led t he doubl ed sine_of p | us t.he squa r of the
resul t mhicﬁlP§C§éWéGWateﬂa??%ﬁ?théﬂiqugpgd 6%F§ i At P€§1 f%? tﬂ%gangle P,
di vi ded by the regpaved zsidnd rebrpseukbbpki éd byldr pbasdihatsguared pol ar
interval for the angle W plus the product of the polar interval for the
angle p, the polar interval for the angle Wand the sine of p divjded by
the sine of (@) 12heTheaheuh@ui®@r<Eﬁeﬁedbﬂdﬁith@ea]hﬂgo sGA&R asS cl ai ned

in claim10,.char gter(ggeqhgy adfe 1HE QA ”tkflélcbﬂngW-B egHal dro the
reci procal varie o the result ich is calculated fromthe squargd polar
interval foditestdngite p, Patvra_d WL t h&NSquaberCsi e B n%gtip??ed by 4,
plus the squared REIA Ad ermedrdsetie cangl @olarplusriieapesduct of the
polar 52" interval for the angle p, the polar interval for the angle p
and the sine of T divided by the sine of p; (b) the gain factor P(a)'
equal to the(frodiues ofmphefgaimidactof Puhedesonicbedliangla) wnd Phe gain

factor P(a) é%ﬁ%gggﬁ%%ﬂéééﬂ %gﬁ‘%ﬁ%);gain factor Py in order to

obtain a mid signal;

(g) the delay of the mono signal to be stereophonized
by the delay time L(d) and amplification of the delayed
signal by the gain factor P(a)'; or alternatively: the
amplification of the mono signal to be stereophonized
by the gain factor P(a)' and the delay of the amplified
signal by the delay time L(Q);

(h) the delay of the mono signal to be stereophonized
by the delay time L(B);

(i) the addition of the signals obtained under (g) and

(h) in order to obtain a side signal; and

() the stereo decoding of the mid and side signal

into a stereo signal.

11. The apparatus for stereophonizing a mono signal as

claimed in claim 9,

(a) wherein the gain factor Pur is equal to the

reciprocal value of the result which is calculated from



(c) the delay tine L(a) equal to the negative polar interval for the angle
a, divided by the doubled sine of a, plus the square root of the result
which is calculated fromthe squared polar interval for the angle a,

di vided by the squared sine of a nult ded by 4, plus the squared pol ar
interval for the angle 9, m nus the product of t he polar interval for the
angle a, the polar interval for the angle T and the sine of 9 divided by

th f | L L( |

|n$efL2F 1 Fﬁ?hég %rﬁg 5”3'%zfﬁggﬁﬁmipﬁ%%goag?e% é?%eﬂeg%ﬂhﬁ%]ﬁgthe squar e
root of thethesaquamhdchlns o&lBumaﬂédpﬂuedlbwe4sq@éMqu@ﬂaﬁquaﬂ%ﬁval for
the angl e pgo%éY'gﬁ@e?¥?ih?oﬁqgﬂée%nﬁﬂ@eSOfg@u@“kﬁ%p?ﬂ%édﬁﬁ‘%ffgw§ the

squar ed pol I nterva ct of the polar
interval foPolpe angesvpl ﬁmé[ﬁh%ﬂamq&%r@alth%rPPﬁéraﬁﬁﬁ@rg@%1 Gthe sine

of 9 dividednbByahheeshnenaf the side IThepapparatysoastebasied bA ppy one of
claims 1, 3, 5, 7, 9 and 11, characterized by neans for the additional

transformation of the respectively obtained stereo signal into stereophonic
si gnal s whi ¢bh) ar eheeptoducles Qyunnréatham tm@uﬂbudspeaheai id. thee net hod

s oraied Locanueone gholaiie 2oty & 8ool0.andald, dharaglieriged by the

addi ti onal Prgn or mation é respect’ |ve y obtainéed stereo signal into
stereophonlGasngﬁabtothéﬁ)adesﬁéprdutedbelmnﬁéaihan two | oudspeakers.

(c) wherein the delay time L(d) 1is equal to the
negative polar interval for the angle d, divided by the
doubled sine of d, plus the square root of the result
which is calculated from the squared polar interval for
the angle d«, divided by the squared sine of A
multiplied by 4, plus the squared polar interval for
the angle @, minus the product of the polar interval
for the angle Q, the polar interval for the angle ¢ and
the sine of @ divided by the sine of q;

(d) wherein the delay time L(B) 1is equal to the
negative polar interval for the angle B, divided by the
doubled sine of B, plus the square root of the result
which is calculated from the squared polar interval for
the angle B, divided by the squared sine of 8
multiplied by 4, plus the squared polar interval for
the angle @, plus the product of the polar interval for
the angle B, the polar interval for the angle ¢ and the
sine of @ divided by the sine of B.

12, The method for stereophonizing a mono signal as

claimed in claim 10, characterized by

(a) . the gain factor Py equal to the reciprocal value
of the result which is calculated from the squared
polar interval for the angle B, divided by the squared
sine of [ multiplied by 4, plus the squared polar
interval for the angle @, plus the product of the polar
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interval for the angle B, the polar interval for the
angle @ and the sine of @ divided by the sine of B;

(b) the gain factor P(a)' equal to the product of the
gain factor Py described in (a) and the gain factor

P(a) described in claim 3(a);

(c) the delay time L{da) equal to the negative polar
interval for the angle @, divided by the doubled sine
of d, plus the square root of the result which 1is
calculated from the squared polar interval for the
angle d, divided by the squared sine of a multiplied by
4, plus the squared polar interval for the angle @,
minus the product of the polar interval for the angle
o, the polar interval for the angle @ and the sine of @
divided by the sine of «;

(d) the delay time L(B) equal to the negative polar
interval for the angle B, divided by the doubled sine
of B, plus the sqguare root of the result which 1is
calculated from the squared polar interval for the
angle B, divided by the squared sine of B multiplied by
4, plus the squared polar interval for the angle @,
plus the product of the polar interval for the angle B,
the polar interval for the angle ¢ and the sine of @
divided by the sine of B.

13. The apparatus as claimed in any one of claims 1,
3, 5, 7, 9 and 11, characterized by means for the
additional transformation of the respectively obtained
stereo signal into stereophonic signals which are

reproduced by more than two loudspeakers.

14. The method as claimed in any one of claims 2, 4,
6, 8, 10 and 12, characterized by the additional
transformation of the respectively obtained stereo
signal into stereophonic signals which are reproduced

by more than two loudspeakers.



