1 Angle-dependent operating device or method for obtaining a
pseudo-stereophonic audio signal The invention relates to audio signals
(particularly 5 sound transducer signals) and to apparatuses and methods for
the obtainment, transmission, transformation and reproduction thereof.
Generally, such systems attempt to depict or suggest 10 three-dimensional
information which the human ear is able to break down. This can be achieved

by the r&ﬂﬂlﬁ]&ﬁnﬁm &Rﬂbﬁgﬂﬁfé@ﬂﬂ? Qnarthadiiod Q%@Hﬂ/%e
addition of artificial eappeefthnistesen phivivielalidiccsigoabl or by the 15
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order to convert monophonic auglo S|gn§\s into audio S|gnals%v ich conveyto
tHe e&PER%ActUdl Bt ictifiGts 26 tHRse-dimeridiOnality. STER Afethods are 29
referredttbcass"pseudo-stereoptionic”. Inckdraparison with transmission,
conventionaistereesignals, gpseudocstereaphoniesignatsusuallyexhibit 25
deficiencies. In particular, physico-acoustic reasons mean that the
Iocaliéabilighy flthe soungl sources, for examnple in the case of methods which
distribiteThe fredueRty Spectrirm With diffefet phdse” Shitts over ths fifar =™
Signals!is festiefets THe applitafsnof 30 propagation timehdiffefengés alss
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Particulary by 35 Gersén (ke below)-which are intended 6 ehminate Sich
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ot thesorigihat fireedinmendionat circunistances, assdéenvertioral sterebupan
signals-aim g, depigt does notTispaly oeeusever iy compiexapphicaiionse s
howe1‘,’8ra!”Q@@{?Hl%rmp%%l@%é@&e%%ﬁ%%@ﬂﬁt% order to convert
monophonic audio signals into audio signals which
convey to the ear an actual or fictitious
20 three-dimensionality. Such methods are referred to as

"pseudo-stereophonic".

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

three-dimensional circumstances, as conventional stereo



5 simulation of intensity-stereophonic methods has the particular problem
that a monophonic audio signal based on a figure-of-eight directivity pattern
cannot be stereophonized, on account of the nondepiction of sound which is
incident from the side. 10 The prior art is’formed by the following documents:
US 5173944 considers signals, obtained at constant azimuth of 90 degrees,
120 degrees, 240 degrees and 270 15 degrees by means of HRTF from the
differéaty: défayedbut anifeipdlytamplifiedl foRtlamentdl sigriet cWhichzae 10
overlaiohgn the fundamentabsighalolnethis case, level and propagation time
corrections remain Independent of the original recording situation. 20 US
6636§08 proposes tLlapase shifts, deC{ermJCned on.the bas%of frgquency, m&pe
mono Sig nal to be stereo hoereélw%lch are OE/ flaid on the origina

n?onoixﬂb?ﬂéébafb s%allﬂﬁtﬁfiﬁ-"tﬁé( Té‘f‘f%‘?\ﬂp&ﬁ&ﬁ?zﬁ‘ﬁ@r‘?&ﬁ hapg the
chanmelwitly different gairmst-wiiielt age likewisecindependeéent ofithearecording
situation! Ehe aforementionedydecument M5 5671288 Gerzan) rapraves ae

methad @EQBB%%%P&’e@rb%(V%@EHJ%G%@ “89'80%91@8% SHQP signal.angd,

obtaln a summed signal an a difference |gna which

frequency depenb‘nen?pﬁase shifts ?&;ard}ess of the recording situation!),
tHese improvements likewise being based on
frequeheysdependentphiaseshiftsarona 35 gaireiegardtessiotthesrecording
situation! -given slightly altered formation of the summed and difference

signajs, %?9%&?'0“‘3%%%5 wn European application Ng, 060084555 . . ¢
proposes met odical consideration ofgthe manually or metrologlcal

ascef&inBa@hdié T BetiedrtBincipal aksHrif Sourtd Solfse Ggfﬁgand 270

Yropatratioretim@anddevel Sodifféfices which-Are degdiidentorthesamgledT.

If theangleuh is eqaual,to zes0 i iowevery campatibie stereephgnicdepiction is

nOtp8$gp%%id on the fundamental signal. In this case, level
and propagation time corrections remain independent of
the original recording situation.

20
US 6636608 proposes phase shifts, determined on the
basis of frequency, in the mono signal to Dbe
stereophonized which are overlaid on the original
monophonic audio signal both in the left-hand and in

25 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
30 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
35 gain — regardless of the recording situation! - given

slightly altered formation of the summed and difference

signals.



The invention explained below is Intended to be a 10 significant Improvement
in the stereophonic reproduction of a monophonic depicted sound source,
taking account of the recording situation. In addition, a reliable method of
stereophonization is Intended to be provided for the aforementioned
figure-of-eight 15 directivity pattern, which has to date been problematical for
intensity-stereophonic simulations. Subsequently, the aim is to allow
compgible’Stetesistionié depictibnevetrior #RP tase i WhichPthedHyié I - 5
betweer prineipalaxia antlcsaund sosifce is: 20 @qualito zero. Thesubject or
malltttgﬁ@égeqé@\ieéghoﬁrgcagﬁpeeﬁ%@d g%gqll@w ZQ?_TQ%@@E@Q%apal
solution-proposed. in applicant's own European ication No.
0B00BAES. 5 of mithothoal Sonsidaration of the anble T between SFhcisaic
akis &hid 566 Sotrde uSing Propagation titte and level aftferéndes which™®
are dependent®n the angleUk Involves 30MS, mathigingy svhere thenfollowihg
relatiorships @pphy t0 it Signrals M ansk Spangds iesudtant signals L and R: (1)
L-(M+S) 1 (2) J2 4 The classic S signal-which is specific to MS
engineering-has a figure-of-eight directivity pattern, said signal being offset
from fHE-M S15haT by B0 5 ABgreERT8 tETA" If the Iever of The’s dignare.
How IpéeeasedrEomparisen avititie-M sighal, whatlis knowhtas fiphonic
openingrangle 20 (whichfis ebtainedftom the paintscokintersection cithece,
Ok:/e][!%}kiﬂg]?m?el@fc%@%?@§ f@hHWGf%f%XhSigmga@q ﬁngé?mtema@@aik@i& ,
the figure-of-eight directivity pattern, of the S system-is always situate

sym n%etrrlceg] ﬁ/a\%?tﬁ rénsef)cel}}:ﬁo t(f'?e psrltnecrl ezglpzx?g of ?htel nsgﬁyaljlf]syreen uec%d tfg

an in&feasiP&HERT 151A% first Ste? OB PUTE0IBTE DardriBiefiz€ hfict#idbs
bpenihgrangle 20 gven i Bhsarrangementbr a rhethod which takés accbanan
of thecanglechbetween theprincipakhaxis of she raopophanic sigraliand thes .
sound spurce, JThe galculated simujated side signal isthep,;,  compatible
stereophonic depiction even for the case in which the

angle @ between principal axis and sound source 1is

20 equal to zero.

The subject matter of the invention can be presented as

follows:

25 The technical solution - proposed in the applicant's own
European application No. 06008455.5 - of methodical
consideration of the angle @ between principal axis and
sound source using propagation time and level
differences which are dependent on the angle @ involves

30 MS matrixing, where the following relationships apply

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

i
1 - * o
{1) L=(M+5) VE

1
2 R=(M-8)*—
(2) ( ) N



20 dependent both on the angle T and on half the fictitious opening angle a.
In a second step, gain factors are applied only to the signals which produce
the side signal when summed. 25 In a third step, the angle-dependent polar
interval f describing the directivity patterr of the M signal is parameterized.It
is therefore now possible to  stereophonizemonophonicsignalsofarbitrary 30
directivity pattern taking account of a fictitious opening angle 20. Disclosure
of the Invention 35 The invention Involves the parameterization of a fictitious
openingeangte #<13.dn this casieyeeis thetfictitious keft-hanecapening angleMs
e e s e e e
e stereophonized), p is the fictitious right-hand opening angle (situated to
e AL PE et el . e S G 57 o

e . .
steredfRBAIZEd)" WhERE it Tidy be that dbp. TRUS we'S dreSookint dfthe 15
case-which doesarotdrise it elassic M8 matkiRinghof possible fictitiolsat is
openingoangles athd3 which ate asyyneetic with respect to the: priseipak-axis

of the. ponophonic audio signalto.be steregphonized. 10 Accardlingly. fhe . .
trigonpmetrically %scerglakllned level atnd pro ggatt}lon tlsme differences for {h%
simulatet? §ide’signal are ?na%e dépendent 1ot onfy on T4REFbut Ao on'the
¥etitiouselefthishitr 6pehimeiandgle afandohithets fidtitiotdighthandtéFeniry
anglesp,swhereinsf thé wound sourceedn by olassifiechas bemytio the lgfeot
the principglbayis rthe felatianship Set must apphyokthe seund sQuece ¢an be
classified as being to the right of the principal axis -the relationship cp< 20
1ncreasT extent= .
must app]fy. in all cases, zero or a region around zero must be ruled out for a
and p, since the level and propagation time differences calculated by
Parameterizingia ahd glcopvergé towardonfinitp that is tozayearettechnically
infeasible: 25 ous opening angle 20 even in an arrangement or a
method which takes account of the angle @ between the
principal axis of the monophonic signal and the sound
source. The calculated simulated side signal 1is then
20 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.
25
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
30 directivity pattern taking account of a fictitious

opening angle 2d.

Disclosure of the Invention

35 The invention involves the ©parameterization of a
fictitious opening angle a+PB. In this case, O is the
fictitious left-hand opening angle (situated to the

left of the principal axis of the monophonic audio



Suitable selection of a and p 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 30 fictitious
opening angle a and p. In particular, a cédmpatible stereophonic resolution is
also possible for the case in which T is equal to zero. a and p can be chosen
as desired subject to the above conditions or can be determined by a suitable
algorithinas 35tappropriate.csanirestricted seledtiont6f Tthandat and i ¢an
be appligdtterthesignals S(a) and S(P) svhich produce thiessimidated sidethe

signal,5) are obfaingd for the angle Mh%rag@cdeega%nt polarintepval foe

d the 5 directivity pattern of.the M and th dp: (4
0 () 2R i 1 02F (] (5] 104 s dcihz T2 () F0- T

)+f?68)* KPP AN 2T Sinf30 Acﬁﬁ?prf‘&]&hﬁﬁ fogﬁﬁﬁaré’tﬂges%ﬁo‘se in
metheds shich akensse oktheosuloject peatteodfthel inventionus thepening
suggestiorethasith@ disetigrinants ot k(apand L{p).Laihbe used directly-fot he
ascerfaining b(a) and;R(P); T his significanty, simplifies, schemafic, diagrams,
and stereophonized.

10
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 A and on the

15 fictitious right-hand opening angle B, wherein-if the
sound source can be classified as being to the left of
the principal axis - the relationship @=<d must apply
or —if the sound source can be classified as being to
the right of the principal axis - the relationship @<

20 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.

25
Suitable selection of @ and P 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

30 fictitious opening angle a and B. In particular, a
compatible stereophonic resolution is also possible for
the case in which @ is equal to zero. G and B can be
chosen as desired subject to the above conditions or
can be determined Dby a suitable algorithm as

35 appropriate.

Trigonometrically, the following delay times L(Q), L(B)

and gain factors P(ad), P(B) (which, in order to allow



15 algorithms, which means miniaturization of the relevant hardware at the
highest efficiency. Particularly for the aforementioned problems of
stereophonization of a monophonic audio signal with a 20 figure-of-eight
directivity pattern, the following solution is derived, on the basis of the polar
interval f(y) =cosy, which describes the figure-of-eight directivity pattern of the
M signal and which is dependent on the polar angle y: 7 cosa 1 cos2 acosa
(7). LOBREZA AP Mfp 2MAadehYrand TOS2acoBalr (3P "2e

cos CppCRST smghésmiaMpad 10 pCOSRIPEMSP*hich produce the

simulated side signal S) are obtained for the angle @,
the angle-dependent polar interval f describing the

5 directivity pattern of the M signal and the angles d
and B:

7emn Aem P SinG

*f(ap)*smt.v

__J®B) (B PAC)) o
(4) Ly 23inﬁ+\{4sn +fley+ —= nf s ¥ f(@)* SING

IR )

~————+ fip)- *f(tp)*smcp
4sin’ o

(5) P, =

_ I FACI :
(6) Fp= s’ +flp)+ np *fp)*sing

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

15 algorithms, which means miniaturization of the relevant

hardware at the highest efficiency.

Particularly for the aforementioned problems of
stereophonization of a monophonic audio signal with a

20 figure-of-eight directivity ©pattern, the following
solution is derived, on the basis of the polar interval
f(Y) = cosy, which describes the figure-of-eight
directivity pattern of +the M signal and which 1is
dependent on the polar angle Y:

25



Po + COS cp +cos cp * sing 4sinzflsmfi For the subject matter of the
invention, it remains characteristic that the resultant MS signals finally 5 need
to be subjected to stereo conversion in accordance with formulae (1) and (2).
A classic stereo signal is the result. With’the inclusion of apparatuses and
methods which 10 represent the prior art, it is otherwise possible to use the
subject matter of the invention to obtain signals which provide stereophonic
information via more than t (strchrasthe—surround-sound
systemg whiclLare Sar ] r+an.92.<ﬂ_59§r’t?ef Bestsiption of the Figures
Embodiments and e%‘r%pl ry“ap%lications Sfthe present invention are
explained by way of example with 20 reference to the following figures: 8
Figure 2 shows a circ(ysi whictrmt T ication No.
060084585.5, cbpverfs—é&m, icatdio-Stgnatdstd $® signals which can
be stereophonized. %‘Siﬂi%ur 43 ae%icts the ift&fnal signals in the circuit shown
in figure 2. Figure 4 shows a classic MS arrangement for the half opening
angle a= 135 degr%gs,acomprisingogg M system 10 with a cardioid directivity
patternt&md anPg= mﬁ«awﬁgwefwbsig‘hhwattem. Figure 5 shows a
classic MS arrangersﬁrér?i for the half”

2
(10) P, ﬁ_____co.s 2/3 +c052¢p+C?S
4sin”

ﬁ*cw¢*$n¢
sin sin

For the subject matter of the invention, it remains
characteristic that the resultant MS signals finally

5 need to be subjected to stereo conversion in accordance
with formulae (1) and (2). A classic stereo signal is
the result.

With the inclusion of apparatuses and methods which
10 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).
15

Brief Description of the Figures

Embodiments and exemplary applications of the present
invention are explained by way of example with

20 reference to the following figures:

Figure 1 shows the operating principle of European
Application No. 06008455.5.



opening angle a= 90 degrees, comprising an M system 15 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 20 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
degreesy epmprising ain M 3ystert 25twith adiyurédf-eigiit difeetivity paress
and axp8 systemawithva figarssef-eight directivigy patternméigured shows @i o

classiciM,arrapggment forthe balfopening angle a=-333-dedreas; likewise
comprising an M 30 system with a figure-of-eight directivity pattern and an S

z%/stem, with a figure-of-eight directé\g%/ pattern. Figure 9 shows an extension
the 6ferating pAfEiple-of Edropear Apifitation’RNo! 86008458%, mwhichH a
35 fictitious half dpening ahgle a is also taken into account. 9

Figure 4 shows a classic MS arrangement for the half
opening angle d=135 degrees, comprising an M system
10 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 a=90 degrees, comprising an M system
15 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 d=53 degrees, comprising an M system
20 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 Q=45 degrees, comprising an M system
25 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 0 =33.5 degrees, likewise comprising an M
30 system with a figure-of-eight directivity pattern and

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

Figure 9 shows an extension of the operating principle
of European Application No. 06008455.5, in which a
35 fictitious half opening angle O is also taken into

account.



Figure 10 shows a circuit which converts a monophonic audio signal into MS
signals, which can be stereophonized, taking account of a fictitious half
opening angle U. 5 Figure 11 shows an example of the operating principle of
the invention for a signal with an omnidirgctional directivity pattern which also
takes account of a left-hand fictitious opening angle a and a right-hand 10
fictitious opening angle p, which cannot arise in a classic MS arrangement on
accolritofihe USe D @Asystent With'90 de§reds retatici fosthe |SfPwpiReIP st C
symmettital withirgspect toitheoprineipal axiscarzd which has@nfigurezof-eight
directivity-patternfor the 153 signal. Figwerk? shews,anexample.ofthe 1 ¢
operagig grincigl}e (ifem(? invention for a signal having a cardioid pattern. 20
Figure'l shows ati example of the operating principle of the invention for a
s?gnal having a hypercardioid pattern. 25 Figure 14 shows an example of the
operatinguprnciple of thes inventiorfarla sighalthavingrafigureofseightciple
directbfity pattermJfaigute A5 shows aLirguitbasedhonthe subjectrpatier 3810f
the inyentiop which) takes acequni of the recarding apgle Toofalefi-hand
fICtItIOlUSf%E%nIngI an Ieta of a right-hand fictitious openln%angle p %{%d_of an
angletGépendent polar ThterVal f deseHbing theldifectivity Batterd of the M
Signaf ircérderas conrvert 35% mbradphdhic alidieisigharifs MS dighalsn @
whichctams decsteveophonizesk ¢ tFigure locshows a varianb éor the=ciretiit in
figures}a-whergin for the recording angle T; the lefi-hand fictitieus,epening s
angle a and.the arlglev-qd%%eng%nt polar interval f des%qpligg pt[a1§ directivity _

symnetrIca
patterr%/ofng tﬁeclj\/l signal It must%)e true that the expression
fz&nﬂgﬁgﬁ4@%®1agf1gure—of—e1ght directivity pattern for the

15 S signal.

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

20
Figure 13 shows an example of the operating principle
of the invention for a signal having a hypercardioid

pattern.

25 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
30 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 in order to convert
35 a monophonic audio signal into MS signals which can be

stereophonized.



a region around of (11 )+f(CP) 4sin2asma isnot equal tozero or an
element 10 zero.

10

15

20

25

30

35

10

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

2
1) L9 pigy- L9 pgysing
4sin“a sina

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

zZero.

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

(12) —J;@»+fz(w)+m*f(tp)*sinq9
4sin fB sinf

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

zZero.

Figure 18 shows the parameters t;, P;ij(t;) 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
angle [ and of an angle-dependent polar interval £
describing the directivity pattern of the M signal,
given sufficiently small intervals [ti, tisil,

in order to convert a monophonic audio signal into MS

signals which can be stereophonized.



Figurel7showsafurthervariant forthecircuit in figurel5,whereinfor
therecordingangleT, the right-handfictitious opening angle1l3and the 15
angle-dependentpolar interval fdescribing the

10
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Detailed Embodiments and Exemplary Applications of the

Invention

The prior art for the operating principle of an
apparatus or a method for stereophonizing a monophonic
signal having an omnidirectional directivity pattern is
outlined in figure 1: a sound source 101 is recorded
beneath position 102 by a microphone having an
omnidirectional directivity pattern, with the principal
axis 103 and the directional axis 104 of the sound
source forming the angle @ (105) . 108 and 109
illustrate the geometric positioning of those two
simulated signals which ©produce the simulated side
signal when summed. The propagation time difference in
comparison with the principal signal for the simulated
left-hand signal is 110, and the level of the simulated
signal is ascertained from the level of the principal
signal, multiplied by the square of the distance from
101 and 112 (level correction taking account of the
sound intensity, which decreases as the distance 1is
squared). The propagation time difference in comparison
with the principal signal for the simulated right-hand
signal is 111, and the level of the simulated signal is
ascertained from the 1level of the principal 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
case for the propagation time differences L, and Ly and

the gain factors P, and Py:



directivity pattern of the M signal it must be true that the expression 20 f2(p)2f
(P)f(12 *(T)*sincp )+ f (cp) 4s1n2 13sin/3 isnot equal tozero or an element
of a region zero. around 25 Figure1l8showstheparametersti,Pi(ti)from 19.

12
L —1’5 sing wl
14 L wu1’5+sinqj~-—]

(15)  Py=g—
(16)  Pp=3——

The nature of the internally processed signals is shown
in figure 3. The principal signal 316 1is contrasted

5 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 is calculated from the maximum
level point 312 on the basis of formula (15), and the

10 maximum level point 313 1is 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
15 pseudostereophonic audio signal, first of all the
classic MS matrixing is considered for wvarious half
opening angles 20 and various directivity patterns of
the M system. The symmetry of +the S system with
90-degree rotation to the 1left with respect to the
20 principal axis of the M system means that an inherent
feature of all methods is an opening angle 20 which is
likewise arranged symmetrically with respect to the
principal axis and which is calculated from the points
of intersection of the overlapping polar diagrams of

25 the M system and the S system.



figure Figure 19 shows the flowchart for a method based on the subject
matter of theinvention which takes account of
therecordingangleT,ofaleft-handfictitious 30
openinganglea,ofaright-handfictitiousopéaing
anglepandofanangle-dependentpolarintervalf

describingthedirectivitypatternoftheM signal, given sufficiently small
nnenﬁmﬂﬂnﬂﬁy way of example, figure 4 shows a classic MS
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arrangement for the half opening angle a (406) equal to
135 degrees, comprising an M system having a cardioid
directivity  pattern and an S system having a
figure-of-eight directivity pattern. Figure 5 shows a
classic MS arrangement for the half opening angle a
(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 A (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 d (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 principal axis 903 and the

directional axis 904 of the sound source form the
angle @ (905). Fresh consideration 1is given to the
fictitious half opening angle d (906). This and the

directivity pattern of the principal signal are used to
directly derive the geometric positioning 908 of the
simulated left-hand signal Sa  and the geometric
positioning 909 of the simulated right-hand signal Sg,
which produce the simulated side signal when summed.

The propagation time difference in comparison with the



in order toconverta monophonicaudiosignal into MS 35 signals which can be
stereophonized. 11 Detailed Embodiments and Exemplary Applications of
the Invention 5 The prior art for the operating principle of an apparatus or a
method for stereophonizing a monopho#it signal having an omnidirectional
directivity pattern is outlined in figure 1: a sound source 101 is recorded
beneath position 102 by a microphone having an 10 omnidirectional
directivifysattérh, Withthe principdl axisi1o3 ahedhe Hirectiondl &xigno4 ofs
the sound source forrning theangle P{105h408 andul09 dtustratejithe  is
g_eor:@{r&w%ﬂ%wngﬂfﬁm;sgwo §@§@Tte9§igml§ V}f_@@'.'%_@f@%_@f?esthgnql,
simulated side.15 signal when summed. ropagation ti ifference._in
ComEArB AT he B S Tor he Shauates I hand Sigral s 116
ahd thé fevel GFiRe simtiated sighal isHstattained fiomt the fevel 6t théound
principat sighat,ymultiplied byettrecssareast the distance from 20 ol andd)1.2
(levelcorrestiopaking accoumnd of thirer seunddntensitymtiieh decreases ase
the disfance is.squared). .The propagation time difference inGomaarison with
the pr9|rl10|pal sqgal f%the sllmuleited ri ht-@and signal’js 1%lcli, and the Ilevel, of
the simulated®ignal iS5 aseéftained front the level ot tHe PrindipalSignal®
HultipliRPBY e Sguare BF thehdistance om0t md 213" REWeEightihgthe-
levelsywthich Ineolves thehikmputsighal 3G being associated directly Wwith thed
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 35"Case 16P e prophagation titte diffePerices LA AR LB &R the'g&ant Y

¥actorscPAHmf PR comparison with the circuit in figure 2, is
provided by figure 10, which takes account of the

fictitious half opening angle O in order to convert a
monophonic audio signal into MS signals which can be
stereophonized. In this case, the following
20 relationships apply to the propagation time differences

Lp and Lgp and the gain factors P, and Pg:

1 ] sing
L,=- +1-—
(17) A 2sina +\]4sin2a sino

i 1 sing
L, =— + +1+—
(18) B 2sina ‘j4sin2a sina

1 Sing

1 P = +1-
(19) A 4sin*a sinat
(209 p ] i Sing

A~ X .
4sin’a sinat



51(A3)LA=/5(13) 1 (15) --zrsing, (16) 5.  -+sirup pB 45 -4 -sing)
The nature of the Internally processed signals is shown in figure 3. The
principal signal 316 is contrasted 5 therein by two simulated signals 317 (with

the delay time 310) and 318 (with the délay time 311) (where 314 is the time
axis and 315 is the level axis). The maximum level point 302 is calculated

from the maximum level point 312 on the basis of formula (15), and the 10
maximeR fevel point T FRcateinarsd ofahé basks offormiiy ¢o6) on to a
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15

20

25
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35

principal 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, 1in 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 principal axis of the monophonic audio signal to be
stereophonized), B is the fictitious right-hand opening
angle 1107 (situated to the right of the principal axis
of the monophonic audio signal to be
stereophonized) — that 1is to say angles which cannot
arise at all in a classic MS arrangement on account of
the wuse 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

principal axis.

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

possibly asymmetric fictitious opening angles a + 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 principal axis 1103 and the directional
axis 1104 of the sound source form the angle ¢ (1105).
Subsequently, a fictitious left-hand opening angle Q 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 principal
axis — the relationship @ =d must apply or —if the sound
source can be classified as being to the right of the

principal axis -the relationship @<f must apply.



In order to derive apparatuses or methods operating on the basis of angle for
the purpose of obtaining a 15 pseudostereophonic audio signal, first of all the
classic MS matrixing is considered for various half opening angles 20 and
various directivity patterns of the M systém. The symmetry of the S system
with 90-degree rotation to the left with respect to the 20 principal axis of the
M system means that an Inherent feature of all methods is an opening angle
20 whigh 1§ fikewise afrangeéd syrffiétricafly with respee? ietherprincipar axis
and which isecalculated fsom thie pointsef inflersectioneof thie=ovedapping and

polarghiagrams 0625 the M system and the; $:5ysteMe 513 Thus, byiway Hfeq
exam Iei, fic%ur%eé%sh%wia cl%ssic MaSI arrangement for ha% Qalf[?p%r(ljing arnggele
a (40 feauafjto, §§ egrees, gom%rlslng an sys?em aving a car !oigl
oﬁrect*f\ﬂfifaﬁgtterh”dﬁfdlégﬁfg sy$teft haviflg as figdfelof-eight diréEiity a1y
patterm fgareoSshows a classic MS arrangement for the half opening angle
a (506) equal to 90 degrees, comprising an M system having an
omnigifetional. iacthily pafiein adan s Sysiem haying adiaue-ob b
dII’ECtIVI%/ patterln. 10 Flglill’e 6 shovc\ilsta classic MS arran ergc}alnt for the Qal,f
openiig anglea (606) equials 53 degrees, comprising an’M systei Raving a
ardigigsdifdctivitypatterffandPan $3ystemavinGa figuretofsight diréetivity
patterh(digurerd siffows agtassic MS arrangement forithe half Imopeningot
angle-a £706) equals 45 degrees, campising an M system having;dometric
figure:af:eins direetivly qatterp apdan 9.sysfem.having  figgrecot-elglt, .,
directivit pattern,.?:igure shows a classic Mfarrange,r%ent or the half
openniPangle"d {§86) BOEIE"S3.5 GEgrédd Dot fikévist €mprisiigan Kier
Kystemviarging a figre-ofeightodiractivity pattern and aars systent-heving &
figure-efpight directivith patternpAnrexteasioniafithe operatingepréicipleated
derived F@—n%%?df'%&%&é% the.adgitional consideration.ot.a figlifipus half . 1,
opening angle 2, as sfiown in figure 2: n is ase, a sound squrce 0L is,
recorded by a mono microphone 862 having an omnidirectional directivity
patteft, Wiéretthe Frircipal axis 903 Bhd tHe 30VdiréEfonawas 904°65f thehe
ound seueceformrthe anglelT (305). Rresh ¢orsidérationsis giviemtottheing

fictitious-balh operingrangle a(906), cEhis angd, therdirectivity. pattesn of ther ne

princigal [ ngl are_used to directly derive th geggletric PQ igorgn9t908 of
the 35 Simtlated Ieh-nancighal SA and the Jeomatric pesiiontiy 605 of e

simulatetl right-haRERGgRarSp A Whichrodice te Bimuldted éide Sighalte
whenssum ek T hel plopatratidnstirae différentelih comparison witlidhe P14)

25 of the simulated signal is ascertained from the level
of the principal signal, multiplied by the square of
the distance from 1101 and 1113.

Trigonometrically, the following delay times L(Q), L(B)
30 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:



principal signal for the simulated left-hand signal is 910, and the level of the
simulated signal is ascertained from the level of the principal signal,
multiplied by the square of the distance from 901 and 5 912 (level correction
taking account of the sound intensity, whith decreases as the distance is
squared). The propagation time difference in comparison with the principal
signal for the simulated right-hand signal is 911, and the level of the
simulated signal is 10 agcert eJ\edifrom thegigyel of the principal signall,

multipliekthy thequUa

1 and 913. The associated

circuit, which has been spghtly 1 mOdIerd In comparison with the circuit in
figure 2, is provided by figure 10, which takes account of the fictitious half

opening angle a in order jfo co

ic audio signal into MS
se, the following 20

signalg @hich cab,,b&ﬁef% nlthi
relationships apply to o op 65'f?oﬁtlme Uftferences LA and LB and the

gain factors PA and PB: ,sing, (17)LB- -l.- | - 2sina 14sin2asina 1, sinT
(16)L- 2 i+ - 2sina +14sm asina (19) , P4_siny9
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15
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25

3 P = - +i_0ll!l’/
(23) “ 4sin’a sina
| sin

(24) Py= 1+ 202

+
4sin’ B sinf8

Application of the subject matter of the invention to a

principal signal having a cardioid 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 principal axis 1203 and
the directional axis 1204 of the sound source form the
angle @ (1205). Subsequently, a fictitious 1left-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 1left of the principal axis -the relationship
¢=a must apply or —-if the sound source can be
classified as being to the right of the principal
axis — the relationship @ <P must apply. Furthermore, in
all cases, zero or a region around zero can again be
ruled out for a and B (since the levels 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 present directivity pattern for
the principal signal, determines exactly the geometric

positioning 1208 of the simulated left-hand signal



-r- | ;Tie' 4sin a sing) (20) PB +1 - 4sin2asina 15 Application of the subject
matter of the invention to a principal signal having an omnidirectional
directivity pattern: 5 A first exemplary application of the invention, based on a
monophonic audio signal having an omaiglirectional directivity pattern, is
shown in figure 11. In this case, in line with the invention, a fictitious opening

angle a + p is parameterized, where a is the fictitious 10 left-hand opening

angleS1906 (sitadtedto theHeft bf theprirriipairaxisiofthetrfonspGHiE Btic
signabta bersterenphanized),si isthe fictitious right-hand-openiag arglect1G7

(situated to thegightraf the principal axig,of the monaphoniciaudiossignal te he
15 stereqppptrgéilznecg) -that islto ?@amgle%whlijch cannot arisg at aI\Ig iinm%lcé%sesc'lc

TI signa whilc roduc The
MS arra%gement on ac%ount of the use oflan S gystem aving a

figure2oftBighthifEivity pattern whfdi'ds 90-4BGree FotaitiontothR leftdmt
whictisféamanetrical With iespectite the 20 prirdipalaxiorThe sobject atter
of therisvention agcardingldeadsrto-theneonsidgtationiregareing thejpringipal
axis of the menephenic aydiosignalto-he stergaphqnized with-25 possibly,
asymmetrc fietitous opening angles a t p. Consigereg detall the
arrangement ¢6mprises a Sodnd soarce 1101Which i$ fecorded By a’thorio
%ﬁbﬂﬁﬁﬂﬁﬂfil@f the distance from 1201 and 1212 (level
correction taking account of the sound intensity, which
decreases as the distance is squared). The propagation
time difference L(B) in comparison with the principal
signal for the simulated right-hand signal is 1211, and
15 the level P(B) of the simulated signal is ascertained
from the level of the principal signal, multiplied by

the square of the distance from 1201 and 1213.

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

taking account of the polar interval

f(w)=-%ﬂ+co§¥)

25 which describes the cardioid directivity pattern of the
M signal and which is dependent on the polar angle WY
(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(d)

30 and S(P) which produce the simulated side signal S):



having an omnidirectional directivity pattern, wherein 30 the microphone
principal axis 1103 and the directional axis 1104 of the sound source form the
angle T (1105). Subsequently, a fictitious left-hand opening angle a is
parameterized (1106) and also a fictitiod$ right-hand opening angle p (1107),
wherein-if the sound source 35 can be classified as being to the left of the
principal axis-the relationship "ct must apply or-if the sound source can be
classified as bejng td!theokight of the principal axis -the relationship (p<13
must Z%Lg)& 16 Furthetsimere, in all cases, zero or a region around zero can
be ruled out for agnddas@incy the levels apddgpgapagation time differences
calculated trigofi @g@%ﬁb}ﬂaﬁﬁ?ﬁétéﬁ%ﬁ@ﬁﬁ HBRVIYE 5 toward
infinity, that is to say are technically infeasible). Alpha, together with the
directivity pattern of the gggmipal signal, now determines exactly the
geometric 10 péﬁiﬁdﬁig‘g;ggOS of the simulated left-hand signal 3(0), and p,
togethep gyth the directivi e ignal-determine exactly
the geometric pogHitiafif!11dgqf dhey i Qtfrightskang sigial S(P), which
produce the simlaté&isie signal when 15%imed. The propagation time
difference L(0) in comparison with the principal signal for the simulated
left-hand signal is 141Qp the level P(0) oftaessimulated signal is
ascertdmel frofkr mg@,gfprgTr‘;é('p*ffr?éfﬁ?grs%@m’&ﬂibﬁ%%’izgi‘h% square of
the

{1+cosB)’ 1 , {1+cosp) )
28 P,owe— 4 (] 4cOsg)” + ————* {1+ cosp)¥sing

(28) P 16sin’ B 4( ¢ 4sinf

Application of the subject matter of the invention to a

signal having a hypercardioid pattern (figure 13):

5
The arrangement comprises a sound source 1301 which is
recorded by a mono microphone 1302 having a
hypercardioid directivity pattern, wherein the

microphone principal axis 1303 and the directional axis
10 1304 of the sound source form the angle ¢ (1305).
Subsequently, a fictitious left-hand opening angle Qa is
again parameterized (13006) and also a fictitious
right-hand opening angle B (1307), wherein again-if
the sound source can be classified as being to the left
15 of the principal axis - the relationship @ =<d must apply
or —if the sound source can be classified as being to
the right of the principal axis - the relationship @<
must apply. Again, in all cases, =zero or a region
around zero can be ruled out for a and B (since the
20 levels and propagation time differences
trigonometrically calculated by parameterizing a and P
converge toward infinity, that is to say are

technically infeasible).



20 distance from 1101 and 1112 (level correction taking account of the sound
intensity, which decreases as the distance is squared). The propagation time
difference L(p) in comparison with the principal signal for the simulated
right-hand signal is 1111, and the level PfP) 25 of the simulated signal is
ascertained from the level of the principal signal, multiplied by the square of
the distance from 1101 and 1113. Trigonometrically, the following delay times
L(0), ®(p)23C idnd-§am-factors (D) L e (TiER 2ifcdrelet te allbRriinreStricted
selectionof galandsp,ccan be applieditorthe signalst3(0) andS(Pyavhiehric
prodtg@stbt.el%mu@ted@i@lg sigpal gpare aegordingly obtained; 14 (%11)92%@3
iiﬁlgfésﬁr}l sigal o Sip (Lp; 11t 2sinfl asthahisings (233 th+
pattern, determines exactly the geometric positioning
1309 of the simulated left-hand signal S(B), which
produce the simulated side signal when summed. The
propagation time difference L(Q) in comparison with the
principal signal for the simulated left-hand signal is
10 1310, and the 1level P(ad) of the simulated signal 1is
ascertained from the 1level of the principal signal,
multiplied by the square of the distance from 1301 and
1312 (level correction taking account of the sound
intensity, which decreases as the distance is squared).
15 The propagation time difference L(P) in comparison with
the principal 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 principal
signal, multiplied by the square of the distance from
20 1301 and 1313.

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

can be (taking account of the polar interval

(28a) f(w)t1-~;*+-g~*cosw,

25
(where n assumes the wvalue 1.5), which describes the
hypercardioid directivity pattern of the M signal and
which is dependent on the polar angle W)
30 trigonometrically calculated (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(P), which produce the
simulated side signal S):

35



(24 )Pft -1 2 4sin fisin/3 Application of the subject matter of the invention to a
principal signal having a cardioid pattern (figure 12): 5 The arrangement
under consideration in the present case comprises a sound source 1201,
which is recorded by a mono microphon&l1202 having a cardioid directivity
pattern, wherein the microphone principal axis 1203 and the directional axis
1204 of the sound source forrp the 10 angle T (1205). Subsequently, a
fictitious left-hand opefiin &eqisparameterized (1206), and a fictitious
right-hand openig=an ereln agaln -if the sound source can be
classified as being ationship 15 "a must
apply or-if the sound sduyce can ggzclassmed as being to the right of the
pnnmp@ég is-the {glati@nsiip "I3 mu t(qpm?y Purthgayore, in all cases, zero
or a region around zero éam’a@aln be rule@oufor a and p (since the levels
and propagatiorf 20 Timg ' Figonometricallycalculated by
parameterizing tke lw@!dnvergg toyyard infinity, that is to say are
technically infeastote)-ttogetheritht Seormiféttmity pattern for 25
the principal signal, deteﬂ"ﬁ'l es exactly the geometric positioning 1208 of the
simulated left-hand signal 18 S(a), and p, likewise together with the
directivity pattern under consideration here, determines exactly the geometric
positioning 1209 of the simulated right-hand signal S(P), which produce the
simulated 5 side signal when summed. The propagation time difference L(a)
in comparison with the(pﬂﬁc&pﬁlﬁg@ﬁb for the simulated left-hand signal is
1210, and the le I=P4a)_oﬁthe254mulated signal is ascertained from the level
of the principal signal, multlﬁlﬁé'éﬁoy the 10 square of the distance from 1201
and 1212 (level cofrectpn ;@klng account of the sound intensity, which
decreases as the @tarﬁcéiz’s é?ﬁﬁr)ed) The prgpagatlop time difference L(p)
in compaAson wit WW& for thé gmﬁﬂ’éﬂ@d right-hand signal is
1211, and 15 the level P(P) of the simulated_signal is ascertained from the
level of the principal &gnalmpult jed by the square of the distance from
1201 and 1213. galg thge forR in de'ba ames?( r%5)) and gain 20
factors P(a), P(P) can begifigonometr cally caicu‘fat c} taf< account of the
polar interval 1

(1 -—g—+ 2 % cosa)?

P = 2 w(1=2 42 Dy cospy?
(31) 4sin“a .22
(1—£+ *cosqa) n n
- _2 *(1-—+ —*cos@)*sing
sing 2 2
n n 1
(1-—+—*cosf)
2 2 n.n 2
P, = +(1-—+—*cos
(32) p 4sin’ B ( 2 2 ?)

0-24Zxcosp) 1 n
+—2 2 *(l——2~«+~£*cos<p)*sinqo

sinf§




f (y) = -(1+cost ) 2 25 which describes the cardioid directivity pattern of the M
signal and which is dependent on the polar angle LP (wherein the gain
factors-in order to allow unrestricted selection of T, a and p in relation to the
directivity pattern-can be applied to the signals S(a) 30 and S(P) which
produce the simulated side signal S): 19 Application of the subject matter of
the invention to a signal having a hypercardioid pattern (figure 13): 5 The
arranfemerttohrprises a-ssuntrsosree I801N®hichfs fEtdrded by E ridnE°
microphonel302nhaning a hypercardiaiddireetivitypattern, whereintberdioid
micropheneprincipal axis 1303 and the directional axis 10 1304 of the sound
source form the angle T (1305). Subsequently, a fictitious left-hand opening
angle a is again parameterized (1306) and also a fictitious right-hand opening

ahgle'p (1367), WieteindgaiAdf the sOGnd*SEUIerest héWaskftivd 3¥being
to thefleftnks of theprineipdiiaxis- the relationstip "cedrist applyrortheascund
sourceigan be classifieckbas baiag te.the righp)of theiprincipal axis-thes p (a)

relationship &E’r 13 must apply gain; 0,3l cages, 2610405, af8gion greynd
zero can be ruIed ou}tlfor aand p (smge th% ZlOlIeveIs and r(i)gagatl%n time
differeénées trigdhomatricallyCaiculatéd by poara?nwe]tréﬂzinagx% and p converge
t6wardl Tfifity; that is to say are technically infeasible). 20 U, again together
with the hypercardioid pattern of the principal signal, determines exactly the

geometric positioning: 4308:0f the, simulated left-hand gignal 30)d.tegether
\NnhtB%JB@gg%%%%O@f%gK§Y¥¥erences for an input signal having
a classic cardioid directivity pattern are obtained,
15 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
20 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.

25 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

300 the M signal, expressed in polar coordinates (apart
from the directional pattern, which, as frequency
rises, increasingly has polar coordinates other than it

(28a) is able to represent).

35 Application of the subject matter of the invention to a

signal having a figure-of-eight pattern:



5 pattern, determines exactly the geometric positioning 1309 of the simulated
left-hand signal S(P), which produce the simulated side signal when
summed. The propagation time difference L(a) in comparison with the
principal signal for the simulated left-hard signal is 10 1310, and the level
P(a) of the simulated signal is ascertained from the level of the principal
signal, multiplied by the square of the distance from 1301 and 1312 (level
corre€ticit takingtactouht ofthe"sound iteasihzwhicH detredsesrasthe the
distaricesisassquared). 2pd hecpropagation time differencesk(p)dn campatison
with the principal signalfoythe-simulated right-hand signalis 131d, anddhey
level Eé@pfcﬁgg sirggéadtecringilgenal i aaras,c%rrtl%iged ggw theéllg\éel gf the §reinci QI
signal, multip |ecﬂ5y the square of the distance from 920.1 T and 1313 The
delaytiHBE 118S Lip) Hrid Gairt FACtEFs P(d)} P(P)'¢ah be (takifig dtedurtior
the polarinterval 25(28a)tetp) 1402 Li 2n2viiwherean asSumessthetfvalueht
1.5), which-descrikesghetwpercasdioid ditectivily patiespabthe M signal snd
(et the aai fors-im ordr 10 alonunrestcied celection of T U and
p in réfatbAto tRE HirbeRvie) BatierR canibs hpphed 65 e Sighals S A
S(P), WwKiehrodiecd the Simifateddidasigial B¢ 21125 h+ ai€cospyo+ @
n 2 2ffi4sin222#y right-hand opening angle B (1407), wherein
again - 1if the sound source can be classified as being
to the 1left of the principal axis - the relationship
¢=sa must apply or-if the sound source <can be
15 classified as being to the right of the principal
axis — the relationship @<fB must apply. Subsequently,
in all cases, zero or a region around zero can likewise
be ruled out for a and B (since the 1levels and
propagation time differences trigonometrically
20 calculated by parameterizing a and B likewise converge
toward infinity, that 1s to say are technically

infeasible).

a, together with the figure-of-eight directivity
25 pattern of the principal 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
30 S(B), which produce the simulated side signal when
summed . The propagation time difference L (0) in
comparison with the principal signal for the simulated
left-hand signal is 1410, and the 1level P(da) of the
simulated signal 1is ascertained from the level of the
35 principal signal, multiplied by the square of the
distance from 1401 and 1412 (level correction taking
account of the sound intensity, which decreases as the

distance is squared). The propagation time difference



(L--+*cos13)22 +-n*cosT)*sincp sin2 2 22 Application of the subject
matter of the invention to signals having further special forms of a cardioid
pattern: 5 If the input signal to be stereophonized has special forms of the
cardioid pattern, the relevant propagatictttime differences L(a) and L(p) and
gain factors P(a) and P(P) can easily be calculated from formulae (29) to
(32). In this case, the following applies for n: 100 n 2. If n assumes the value
1, thelg&ih fetétor‘é%ﬁ@ﬁt@@égawéﬁftm@élﬁ@ém%%ﬂaﬁ irfptit sighaf hdvifg
a classiocardioitl ditectivityspatterncarelobtained] 15 fendhe walue=0 ¢he gap)

factorsrand,propagatign dimesdiffexences f%@@f’r&e%%gnaﬂmirtgq@n level

omnldlgec%gnal dlrectlwt)C/l f)attern arle obtalf {or the valug 2 the ain of
factors and pro a atlorl? time dl ﬁerences or jE)ut Sl aI havmg a cﬁassm
20 figuté- o‘f“e?éﬁt“di?ecmﬂﬂ? paftei éfléjoﬁt%tﬁed PR a’8drfeLthevatsé 195,

the propayation tifive diffeeendesandtgain facta®) for ariBnputsignahhavinga
supercacdioits patien, are @otaised. 2% Thelapplication etfosmida §28a)to the
polar tﬂt@KVa'Jnae%%ﬂg inthe setof fosmuyilae, (29) 10 (32} ig 6‘990@&@3&/ to

found.to b artlcula favorable. OnI the arameter n needs to

stipulated in or&er to describédimost §IFp055|ble alrec?vﬁly patterns forJSJO "
tHe M SigRar expressed it poiar todfdiflated @parBirém theldirdcionad the
patteri, wehichyas freguieneyrisessindreasipglyi kas polaricoosdigates othen)

than it (282)i5)ahle terepresant): 284-igure.14again shows: g defaitgd
illustration of the Instance of application for an input signal having a
figure-of-eight directivity pattern, which has already been discussed more

than 6REE 4HoVECThear e?ﬁ@ﬁ?%fco?tﬁ?r‘tsee"s £50bha sturee 1491 Which
IS recotded by & ﬁmrﬁtﬁﬁ@mezm havintpa figure-bf-eight directivity
pattern, wherein the microphone principal axis 1403 and the directional axis

1404 pf the soynd spurce form (he angle T (1409), Afictitiqus, lefihand . o
of the invention which generalizes the directivity
pattern of the input signal and which takes account of

20 the recording angle @, of a left-hand fictitious
opening angle d, of a right-hand fictitious opening
angle [ and of an angle-dependent polar interval £
describing the directivity pattern of the M signal in
order to convert a monophonic audio signal into MS

25 signals which can be stereophonized. In this case,
formulae (3) to (6) can be used for the propagation
time differences L (0) and L(B) and the gain factors
P(a) and P(B). The input signal is used directly as the
M signal in this case. The S signal is added up from

30 the input signal delayed by the delay time L(Q), which
input signal is subsequently amplified by the gain
factor P(d), and a further signal which represents the
input signal delayed by the delay time LB,
subsequently amplified by the gain factor P(B). Again,

35 the relationship @=d must apply-if @>0-or the
relationship |Q|<p must apply-1if @<0. Similarly, in
all cases, zero or a region around zero can be ruled

out for a and B (since the levels and propagation time



10 opening angle a is parameterized (1406) and also a fictitious right-hand
opening angle p (1407), wherein again-if the sound source can be classified
as being to the left of the principal axis-the relationship "a must apply or the
sound source can be 15 classified as béihg to the right of the principal
axis-the relationship (p< [3 must apply. Subsequently, in all cases, zero or a
region around zero can likewise be ruled out for a and p (since the levels and
propatjaitiorrimesdifferencesttigbABAIStAcal.- 20 calcutated by ted by
parametefizing aiarichp likewise cfnvergedoward infinity, thatistotsay areat
technicallydnfeasible). Ydegetherwith the-figuresof-eight directivity 25 pattern
of the principal signal, determines exactly the geometric positioning 1408 of
the simulated left-hand signal S(a), and p, together with the figure-of-eight
directify patter Yeterrines Exdctiythe geometricisdsitiGhing 409G tRB®
simulateth g ht-hafdsigialBo S¢P¥ whichiproduce the simulated side signal
when summed. The propagation time difference L(a) in comparison with the
principal,signal for ing sispulated leflsnand siong! i 1430 anciibedevel Rig),
of the snmulgted signal is asceréalnt%d from the I,evelfo, the 5f6r|nC|gal s%rkllal,
multigiied BY the sqilare 'bF the“distahe oM 1401 ahePTAT2 (f&vel'Coitection
tAking aéBourftBT tRE SouRd inteASIE WWhiER Becrddses dsithe distafice isthe
sqllared}.cFhie propagationtiirme diffetence24 Lip)tin comparison withoth@i ng
principabsigng) ok te sigwlategright-hancksighal isdédinand e Jevel B(R)
of the_simulated signal is ascertained from the level of the principal.signal,
T b e o he e e Hlnce Hor Tk ah LHY Prard tne
assodlated Setof fdrmRaiabFor the delddftimes L&) A (p) dndthé gaftffattors
P(a), P(PY caihsbes takersfroAnequations (7) to (10), and from equations (29) to
(32), if nis equal to 2 (where the gain factors-in order to allow 10 unrestricted
selection of T, a and p in relation to the directivity pattern-can be applied to
ﬂms@@q§8@) ) R) f¥goh-praddeeris simigated side signal S).
Application of thé%lft}]?ect matter 8ftfe invention to a 15 circuit for
stereophonizing a mono signal: Figure 15 shows a circuit based on the
subject matter of the invention which generalizes the directivity pattern of the
input signaband quhith takessaccount en2C:thenrecording angeyTpof around
i@ﬂah%f@(ééiﬁitilf%% 09?8(%&9;@@91&?, Fme: i?%&'@@élgé}%ggU}QB?”F?&@”}{@J%G} .
and of an angle-dependent polar Interval f describing the directivity ern
iy o LR sl e st AR ey S i
signalsWhith ciiitfe SF&Gphotizetifn s Bade $bfthilaBY(3) 186 & be
used fovethecpropagrationtime differences L(a) and L(p) and the gain factors
P(a) and P(P). The input signal is used directly as the M signal in this case.
The S signal is added up from 30 the input signal delayed by the delay time
L(a), WHiéh inpﬁwig@ﬁfﬁﬁmwlmthe gain factor P(a), and
a further signal which’ sehtérthe mput digpdistFayed by the delay time
L(p), subsequently amsd ified by the g%'unafactor P(P). Again,

B ®

IEA 2 « o
35) P e 4sin’ B WA sinf f(@)*sing
{ B ) e, -

st @ @) sing

25

apply.



35 the relationship (I) must apply-if T> 0-or the relationship (p q13 must
apply-if (p< o. Similarly, in all cases, zero or a region around zero can be
ruled out for a and 13 (since the levels and propagation time 25
differencestrigonometricallycalculatedby parameterizing a and p converge
toward infinity, that is to say are technically infeasible). 5 Derivations of
circuits which deliver equivalent signals under slight restrictions: Figure 15
can b&usetbtblintera slightly restrictetiy 6pérating Tifcuit'ofthe foRRR figifre
16 wigen the 40 gainsfacteis:ate resneighted. ¥pthiswcase ahelrestrictiop is the
condifign fthat for, the, frecording angle T, the left-hand fictiious apening.anglg
a and the angle depender}topola&mter\égl féges?rlblr]r%thef&e)ec% Vit fy_pattern 8f

the S|gnahtmust be true 15 that the expression sinZasing is

Mot e§UARRTZErbBr an eletiént of £rddiGn H66Rd 20 ié?b%ﬂ%”]@r%ﬁé@%%ﬁ
time differericest(apandd(poited i figore D6 dinectly representequations)
and (4)inethis ease;for thergainfactars Amiand p(pasthe relatienships {34y
(35) BB8ecasibie).

10 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 form
from figure 17, wherein 1t must be true for the
recording angle @, the right-hand fictitious opening

15 angle B and the angle-dependent polar interval £
describing the directivity pattern of the M signal that

the expression

f (ﬁ) f (ﬁ)

* fl@)*sing
ey flg

(36) +f? (m)+

20
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,

25 the relationships

1

(37) P, =
. M f (B) +f (q))'i'f(ﬁ)*f(qg)*&nq)
n’f nf
L@ | 2y f( L+ fg)+sing
(38) P‘_Z 45][\
4f (ff)ﬁ+f (qv)+f(ﬁ)*f(9?)*sm¢
S1n

now apply.



f2(ct)+f2(9) fl(a)*PrO*s 4sin2astria nq, f2(P) f2(cc)+ fsi(n/313)*fico*sing) (35)
p4sin2f3 fif2(a) +f(a)*Arotsincp Asin‘asinu 25 apply. 26 In addition, the
relationship "ct must apply-if T >0 -or the relationship ITA3 must apply-if T <
0. Again, in all cases, zero or a region atdund zero can be ruled out for a and
p (since the levels and 5 propagation time differences trigonometrically
calculated by parameterizing a and p converge to some extent toward infinity,
that is to say are technically infeasible). 10 A second derivation from figure 15

givenra ehangetinethe revseighting iof the gain factors ppedyced a likewise or

slightiy,testrictedly Qperating giregit inuthe foppifromsfiguge ly, whereinait must

be true for the recordin% angle T, the right-hand fictitious ogeninrg Jb5 anghe R
n al ases er or n#\z r ca e r ?

and the an Jre-aepenéient polar interval ﬁ'é%cﬁﬁ?nllgt e directivity pattern o

the MPEignarthaf ti dxftedSibRIB612E13)% 7200)a e (WEiRfp 9ation time

differences trigonometrically calculated by
parameterizing O and B converge to some extent toward

infinity, that is to say are technically infeasible).

10 Application of the subject matter of the invention to a

computation method for stereophonizing a mono signal:

A  monophonic input signal can Dbe arithmetically
represented using a coordinate system in the form in
15 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;(ti) correlated to t;. For sufficiently small
intervals [tiy, ti+s1], that 1s to say a sufficient
sampling rate, it 1s now possible to depict the sound

20 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
25 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;, tis1], in
order to convert a monophonic audio signal into MS
30 signals which can Dbe stereophonized (under the
simplifying assumption that the propagation time
difference L(Q) or the propagation time difference L (f)

remains unequal to zero).

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



4sin2psmP 20 is not equal to zero or an element of a region around zero.
The propagation time differences L(a) and L(p) cited in figure 17 are again
equations (3) and (4) in this case; for the gain factors Pm,"' and P(a).,
however, 25 the relationships (37) Pm--2#f2(w) -RP)* f (co) sing) 4sin2psinfl
(a)f (&) p 4sin2 a + 2 09) -sin a* f (so)* sin 99 (38) f20)f(fl) 4sin2 B + f 2()+
-sinfi now apply. 27 Again, the relationship (I)must apply-if (I) >0 -or the
relatiéiship (B3 must!&pply-HFpe 0.[Simiflatly) i dll éases, ZeFeota régioh
around-zero cas:be.nuled 5 out for aiand4-(since thedevels and propagatior
time differences friganometrically caleulated byparametgrizing ggnd Rynich
fn‘;g‘;‘:l:é%tﬁ’ SQIg xtent foward infinity, 13t is {9 Sav-areytegnically.  gain
5 factor P(Q), and a further signal, which is the input
signal actually delayed by the delay time L(B),
subsequently amplified by the gain factor P(B). The
algorithm rules out inadmissible values of da and PB. In
general, the relationship ¢@=a must apply for such
10 algorithms -if @ >0 -or the relationship |@Q|<B must
apply - if ¢ < 0. Similarly, in all cases, zero or a
region around zero can be ruled out for a and B (since
the levels and propagation time differences
trigonometrically calculated by parameterizing a and P
15 converge toward infinity, that is to say are

technically infeasible).

Derivations of two computation methods which deliver
equivalent signals under slight restrictions:
20
Method 1: If it remains algorithmically assured that
(33) 1is 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
25 sufficiently small intervals [ti, ti;1] in a manner shown
in figure 16, but with the M signal (the array [M;(t;)])
now appearing amplified by the factor (34). The S
signal (the array [S;i(ti)]) is the result of the
addition of the input signal (the array [P;(ti) 1)
30 actually delayed by the delay time L(Q) (see formula
(3)) to the input signal (again the array [Pi(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
35 values of a and B: the relationship @ <a must apply - if
@>0-or the relationship |Q|Sp must apply-if @ <O0.
Similarly, in all cases, zero or a region around zero

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



10 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 15 figure
18, where 1814 is the time axis and 181%’is the level axis. 1819 is the time
-LI, and 1820 is the level point P(t) correlated to -LI. For sufficiently small
intervals [tl, till], that is to say a sufficient sampling rate, it is now possible to
depicPTRP368RA 2D everitiwith suffidieht dcetrasy. Figlel B9 spBWsthea 1 1y
associatedhflaweharbfor pamethad basedpnahe stibj@ctmatier of theo some

inventigpamhich %ﬁ&@ccogﬂmm@yrecon@m angle T, eha leftshand-254 1 n
fICtItIQCUS %penlnglange@ of r| ht hand fictitious opening angle p and of an
angle- gepen&ent olar interva descrlblng the directivity pattern of the M
s?gnal given sufficiently small intervals [ti, till], in order to convert a
mongdphionictautio Signaltinto M8 BDssignals wittich canlBe stersopttohizek t
(under3be simaplifipng assumption that theqaropagatios-téne differenceddqapor

the prapagation time differep, %l—&%@fﬂ%@%&?qé@ln&qa‘?roéo35f E&GP&G 19
propagatlon time dlﬁer%fces ) an L p ) and the gain factors P a) and

P(P), €liations (35 (55 aghih su%sequenﬁy DSBRF S8 AR M Sighal {the e

Hray RA (FahEEF Stdignal@heé arfhrISEDT), \R/hlcﬁmécﬂ}ally%d%lﬂﬁr

from thie ihput ségnal delayed by.¢hel delayntime (t(@d, whichyinput sighal isnow

subseguently; amplified by fbe gaip 5:factor P{a),.and ayfurther, sigal which:

is the ugggbt SI%I‘IBJ ac %albé q«é ?Dyequytgpe del%yéygne I.f(p)d subs%%u%nt% of
yt h

ampll ie e dain factor e algorlt%m rules out |nadm|SS|b e values

of a dntfp. Jlﬁ%étneﬁaﬂgﬂ?elreéﬂ?ﬁwsﬁfbra& must dpply fof SGER 1bYal§Erithnrs’
L T>cor thieerelationship |(plg® must 8pply-ifs@x 0. Bimitatly, in @l dasesnd
zero enadegioshamundzera casdbesulediout for anantap {sincerthe levelsee

and prgpagation fime )d'ff%e”%%%t”g%‘a@e@%%§a|0@6%bythe array
paran?gterlzm]g a ggg lpaﬁ i;:ogwirégye E?V‘{O ard L mng éq%ty'SthS% are(B) (see
formula (4)). The algorithm must rule out inadmissible
20 values of a and PB. The relationship @ <d must apply - if
@>0-or the relationship [|Q|Sp must apply-if @<O0.
Similarly, in all cases, zero or a region around zero
can be ruled out for a and B (since the 1levels and
propagation time differences trigonometrically
25 calculated by parameterizing a and P converge to some
extent toward infinity, that is to say remain

technically infeasible).

Observed overall, the apparatuses and methods described
30 naturally also permit the amplification of the
respective input signal before a subsequent delay 1is

executed.

Examples of areas of application for the invention
35

The three-dimensional Dbreakdown of a sound source

recorded at a particular angle @ has great practical

significance particularly for telephone signals. In the



technically infeasible). Derivations of two computation methods which deliver
equivalent signals under slight restrictions: 20 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 similér to figure 19 can be applied to a
monophonic input signal for 25 sufficiently small intervals [tl, till] in a manner
shown in figure 16, but with the M signal (the array [MI(t1)]) now appearing
amplifiedby the fattor{345 e SISGREFEthe afF[S(BY) isThE reddrdf the
additientefitheinput signat (the array{fR{t)]) 80lactualy delayed hythe detdy:
time Ls(a){gee farmulaq ()3 to the inprisignal (ggainthe-aran R (t))) astually
delayred y the gg timeSL(gé 5g%ee I1;o_rmula 1(fé)) andotheonsglq:néolifiedagy thaer
factor P (see ormula%ﬂ ))- JI'?we’algoritthm must fule out inadmi sible 35
values B A BhE 1 the relatiohship AFHTEE apply-1FS-6 2 GiheTélatidtshipy S
ITA3 amsst@pplydf opi&lo 29 propagatioritimediffesencestrigenemetricallyhe
calculated by garaseterizingraand peanvergeitotsorpe extent tomarddafinity,
that is to sgy remain technjcally infeasible). 5 Methad 2: Ifsit remains ; s
algorlthmlc,aolllg/ asts,ured that 3}?% is not equal to zerg or an el,eme&t1 of a region
around 26r5 & E5mplitation matholSindirar 6 iguft 196N fikewiss b&° 12"
Hpplied taaRorfophéhie inptit $ignal 20 3fot suffieiénthyf sntalfintekvals [ Ol
in thelmannesof figuren 17gwithdhe M sigral (the array {Mi@1)Y) nowht-hand
appeatiag aagplifectbyhe factgy (37).The S sigurnfaé Uhearzay [SOlkisbeca
result_of the.addition of the input signal (the arra actually delaye
a%%?arl%qlmlc ggee ?]’_p I]\a g?h {;}6 s EbOy 11(91) reccﬁg and
g

by the delay time L(a ormu a u sequentlg ampli ied by the
&

gain fatidrPE) (seé Formaha@s)) td the input skt {Rg4in thearrdPP )]}
Hetually delayed byahédelay tinreull (p) (seé ferntghan(4) ) Thiedalgeritim rigst
rule ottt dngdmajssible 20nw@iues:ofsa andqpnbha telationship (humusicapplyr-

() >Oyror therelationship, J(plgd must apply:ift4l) <,Q2imilarly inall cases, ,
zero or il{eglotnuaq:oiuond zero can bgurygeld gu'g1 g),rtal grqcsj p (since the levels
and p?%pagatllon time differences <f‘rlgonome?rlcaflly ’

20 The procedure may be similar with monophonic sound
recordings in which sound sources need to be reproduced

stereophonically.

Similarly, if the direction of depiction of a sound
25 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.

30 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

35 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



25 calculated by parameterizing a and p converge to some extent toward
infinity, that is to say remain technically infeasible). Observed overall, the
apparatuses and methods described 30 naturally also permit the amplification
of the respective input signal before a sdbsequent delay is executed.
Examples of areas of application for the invention 35 The three-dimensional
breakdown of a sound source recorded at a particular angle T has great
practig@rsighiffcantesaieuldrly fof teléphéné SipralerInthe 3T casé bf the
hands-freecdevites, such asrarefusackiniagiomaelitesaar for internetlized.
telephony, the monophonic signal emitted is perceived as not corresponding
to thell.%eeal call sitH%tion; thg aorppogié?ha \peearsaDS "ogg]réipgq ent", If h{)%/\zevenrt

. 1nveh dlon I . Sidnific
metrological methods associated with the prior art are used to ascertain the

ahgle™Portd fndtidhally tnterpdtate Tié HofaEoortihates (do<Siie by virtee
of algoritlsrhitscendideration of dhe madmasand nimerihithetpolar 10ereof
diagram efthe-input signal)) and-éthe fictiieus:lefinband apenirg angle a and
the fictitious right-hand opening angle 13 are subsequently matched
algorithmically or manually to the recording and listening situation, it is
possible to use a 15 (miniaturizable!) circuit in the form in figure 15, for
example, to attain a stereophonic signal, during final MS matrixing, which
takes much greater account of a call situation under natural conditions. 20
The procedure may be similar with monophonic sound recordings in which
sound sources need to be reproduced stereophonically. Similarly, if the
direction of depiction of a sound 25 source-insulated by means of signal
processing- within a stereo image is perceived as being too acute, the
direction of depiction can be gradually dispersed by applying the subject
matter of the invention. 30 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 35 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 31 sometimes Improve the result further or ensure that the
directivity pattern of the input sigrZ@18Rb&RIMSd. The invention can achieve
an overall significant 5 contribution to the retrospective multidimensional

consideratian,of signal paths. #he application thereofis therefore nat.limited

to the %xam(p{es above. 32 Patent Claims 1.An apparatus for
characrerized by, .

séereophonlzmg a mono%lgnal, characterized by 5

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

principal axis in combination with

10 (aa) an arbitrarily or algorithmically determined
fictitious opening angle qa, which adjoins the
microphone ©principal axis on the 1left, is not an
element of a region around zero or equal to zero, and
for which, if the angle ¢ is positive, the condition is

15 satisfied that the angle @ is less than or equal to the
angle d;

(bb) an arbitrarily or algorithmically determined
fictitious opening angle B, which adjoins the
20 microphone principal axis on the right, 1is 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 magnitude of the angle ¢ is less
than or equal to the angle f;
25
(cc) the manually or metrologically determined
directivity pattern of the mono signal to be

stereophonized, representable in polar coordinates;

30 (b) the calculation of the gain factor P(d), 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);

35 (c) the calculation of the gain factor P(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);



(a) the evaluation of the manually or metrologically ascertained angle T
between sound source and microphone principal axis in combination with
10(aa) an arbitrarily or algorithmically determined fictitious opening angle a,
which adjoins the microphone principal axis on the left, is not an element of a
region around zero or equal to zero, and for which, if the angle T is positive,
the condition is 15 satisfied that the angle T is less than or equal to the angle
a; (bb) an arbitrarily or algorithmically determined fictitiousopening
anglepwhichiadjoirsthe 120- trmierophionan principalaxisoa thg aight, ishohan s
elementef-a region around zerg or egual &g zero, and farwhich, ifithgangleT
IS ne%ﬁtllfveedgh%{:ondltlon 1|:scgatlsfleg,éhat g%ee ma%glrg%de osf.lthg alnglet'l(; is | Ss
than or equallto tﬁ angﬁa p; 25 (cot emanualIyormetrolog|gaﬁydetermine
directiVifyf Fak&MTof e horo SigRaIBE stétedphoniZzet tepresentable in
polar coordinates; 30(b) the calculation of the gain factor P(a), which is
dependent giethe angle I+ osrthe angle-a ard op the directivity, patteraiof the
mono;signalktg,be steregphonized.(represantable inpolar ceordinates); 35(c)
the c%lculatlgn oftthe galntﬁ:actor P(P%, wh%%h is degen ent on thle angle T,gn
the angle™ and’'on thedirectivity pattern of'the mono sigiaitobe ~°  °°
KterespRoRizeE PR e ntaBIE 51 POtaidsortinate s 33 @y tHe earulation of
the delay time L(a), which is dependent on the angle T, on the angle a and on
the difegtivitypattesn of the meno signal to-be 5 stereophaniged:  to  be
(repreS eenrtgglegigngozlaacggr iggtes g I(e)ithaelcestli:uglatpn of the delay time
L(p), which Iis dependent on the a%g?e % on the a%ga[e p and on the directivity
pattern of the mono signal to be
15 (g) the delay of the mono signal to be stereophonized
by the delay time L(0) 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

20 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

25 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
30 (h) in order to obtain a side signal;
(j) the stereo conversion of the principal and side

signals into a stereo signal.

35 (Figure 15)

2. A method for stereophonizing a mono signal,

characterized by



10 stereophonized (representable in polar coordinates); (f) the direct use of
the mono signal to be stereophonized as the principal signal; 15(g) the delay
of the mono signal to be stereophonized by the delay time L(a) and
amplification of the delayed signal by thé“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 20 signal by the delay time L(a); (h) the delay
of the mono signal to be stereophonized by the delay time L(p) and
amplifieation of thevdelayed signat by the gaindactoy P(R); oraltemasivedy: the
25 amplificationeftheyenoignal fe be stereephonized by the gain factof e
P(P) and t@e dﬁayé of tshel gmcpgifigg sailgnalnbxqt%%delay time L(p); (1) the
addition of the sngnéfls obtained under (193 and (h) in order to obtain a side
s?gnal; (j) the stereo conversion of the principal and side signals into a stereo
signak&39(Figure 259134 (a)ithe evaluationlgbthetimahcally vr metrotagicaky
ascertaisedwangle T bepaeensoundchsaurce and migiophonegarincipal axisHe
combination with> (3@) ansybijtrarily qr alggrithmically determined figfitious,
opening angle a, which adjoins the microphone principal axis on the left, is
not aft eT8ment 8f a Fedic aPSurith 2878 or"&4al %6 266! Aind 10 for Whick I
tRe anhgle Tis positivé, tHeecordition B d&tisTiedt that the Bhgle T8 IésPthaks
or equaktosthecanglez; (bb}yanrarbirapily or atgorithimicallyrdeterminethb15he
fictitioys,oRering angle p, which adjoins the microphone principal axis on the
right, is not an element of a region around zero or equal to zero, and for

which, if the angle T is negative, the condition is satisfied that the magnitude
of the(ﬁﬁdle&ﬁ is @g&)itrarily or algorithmically determined

15 fictitious opening angle B, which adjoins the
microphone principal axis on the right, 1is 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 magnitude of the angle @ is less

20 than or equal to the angle f;

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

stereophonized, representable in polar coordinates;

25
(b) the calculation of the gain factor P(d), 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);

30
(c) the calculation of the gain factor P(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);

35

(d) the calculation of the delay time L(d), which is
dependent on the angle ¢, on the angle a and on the



20 than or equal to the angle p; (cc) themanuallyormetrologicallydetermined
directivity pattern of the mono signal to be stereophonized, representable in
polar coordinates; (b) the calculation of the gain factor P(a), which is
dependent on the angle T, on the angle¥®and on the directivity pattern of the
mono signal to be stereophonized (representable in polar coordinates); (c)
the calculation of the gain factor P(P), which is dependent on the angle T, on
the aAgleSs ahdicr the Rifeetivity pattern 6Fhthe o sigidltedde to  be
sterespkorized(representalyeds potarcdeortinates ) r 3bdirettivity gattern of
the mono signal to be stereophonized (representable in polar coordinates);

(e) the calculation of the delay time L(p), which_is 5 depe on the angle
T on (AL arts paart S e redtvity Eattars 3 the- o i T =2

é an
s?ere&ﬁﬁ@ﬁgﬁat(re‘b?es%}h?ab?@ﬂ%ﬁolgﬁ' cddtdihates91f) bheditect lisé BF
the mbhoesighalitarbe 16 sterenphornizedtdsethe principalsignall (g)tthe be
delaysefdhedpana sigaal todie stesreepbonized ky the delay-timed:a) ppd
amplification of the delayed signal by the gain factor P(a); or alternatively: the

15 am Iificagion oféhe mono si%nal to Pe SE%reophonized by the Iqain factokr)
P(a) and the laeelay. of the amplified signal by the deidy time (&), R) the®
Helaystoraheanbhs sighala® Bé'stareopRoRzEdS2OBY the delay time L(p) and

amplification of the delayed signal by the gain factor P(P); or alternatively: the

amplifigation 1of the-manosignaldohe.stereephonized by the gainfactoriP()

and the dejay gtthe amplified signal by the delay ime L{P), 25t ne delayea
signal by the gain factor P(d); or alternatively: the

15 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
20 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);
25
(1) the addition of the signals obtained under (g) and

(h) in order to obtain a side signal;

(j) the stereo conversion of the principal and side

30 signals into a stereo signal.
(Figures 19.1 and 19.2)

3. The apparatus for stereophonizing a mono signal as

35 claimed in claim 1, characterized by

(a) the gain factor P(d) equal to the sqgquared polar

interval for the angle d, divided by the squared sine



() the addition of the signals obtained under (g) and (h) in order to obtain a
side signal; (j) the stereo conversion of the principal and side 30 signals
into a stereo signal. (Figures 19.1 and 19.2) 3.The apparatus for
stereophonizing a mono signal as 35 claifmed in claim 1, characterized by 36
of a multiplied by 4, plus the squared polar interval for the angle T, minus the
product of the polar interval for the angle a, the polar interval for the angle T
and tRé she®iT dRdded bpthe'sing bl a; 5Ph) $he tamd faetdreP (P) ideial 36
the squaredcpelar inteheal for thenangke prdivided byihe squairedisine pbpar
mulélim}te&gt:ﬁél p:yégh%ﬁg?%r()ﬁ?@af,int%ﬁ\@l Bﬁﬂgglaﬂglf&v@lh;s;t@% thle
product o polar interval. 10 for ngle rinterva e angle
T and LSBT clided by e site o bt ) 108 delsy koL () bt o
tHe negative polar interval for the angle a, divided by the doubled sine 15 of
a, plustthe squaresedat of the gainFdBtor P¢alpdestribedhin (ayjuéd)cthe pelar
time L) equal torthe negativepalargntesval fae thesgngle p, divided by thee
doubled sne, 20.0f p, plys the SQHaiéﬁlﬁ%OtPEéh%%'&f@&t?ﬁ_&(% degerbed {n

b). 4. The method for stereophonizing a mono sighal as claimed in_claim 2,
() f?r.th aeﬁﬁe o, gﬂus thg productgog the polar interval
characterized by

10 for the angle B, the polar interval for the angle ¢ and
the sine of @ divided by the sine of [;

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

described in (b).

4., The method for stereophonizing a mono signal as
claimed in claim 2, characterized by
25
(a) the gain factor P(AQ) equal to 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
30 interval for the angle d, the polar interval for the

angle ¢ and the sine of @ divided by the sine of Q;

(b) the gain factor P(B) equal to the squared polar
interval for the angle B, divided by the squared sine

35 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 [;



(a) the gain factor P(a) 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 T, minus the product of the polar 30 interval for the
angle a, the polar interval for the angle ¥ ‘and the sine of T divided by the sine
of a; (b) the gain factor P(P) equal to the squared polar interval for the angle
p, divided by the squared sine 35 of p multiplied by 4, plus the squared polar
interval for the angle T, plus the product of the polar interval for the angle p,
the palar intenval forithe angle=T and)thesinelof Jodivided bydhe sire @fq;a37

((f) _t(;@rdgé@ggmdweflg(l@)g@g@alat]ggtmgl n@gﬁ@\&p@@{ irﬂyﬁ}@@%w@f e @:i%)e
ivided by the doubled. sine of a, plus the square rpot of the gain factor
sdesérbedn Fai? ) e G e L5 oaiml & foe rgiing Forsmend)
for theigle s divided Byithe doubled sine of p, plus the square root of the
gain factor P(P) 10described in (b). 5.An apparatus for obtaining an
equivaipnt stereosignal farithe sterpp signal obtainedrHs aseordance wWithy ar

claim 1, from,a,mang sigpal, 15 shargacterized by, (a)the gyalyation of the o

manually gr metrologically ascertained angle T between sound source an
microphorte prindifal 8453 i 88fbination with 20 (5a) 4R atbitrafilyer © P
HigoritemicatiycdetePmiriad fictitious opening angle a, which adjoins the
microphone principal axis on the left, is not an element of a region around

zero ar equalto zefo,and;25 feswhighs ifitherangle,T ispasitive,the gerdition
is satissfied tpaqhe anglle T i% less than or equal to the a(glgle a;
1gna or Tthe stereo Ssigna obtaine In” accordance
with claim 1 from a mono signal,

15 characterized by

(a) the evaluation of the manually or metrologically
ascertained angle @ between sound source and microphone
principal axis in combination with
20
(aa) an arbitrarily or algorithmically determined
fictitious opening angle a, which adjoins the
microphone principal axis on the 1left, is not an
element of a region around zero or equal to zero, and
25 for which, if the angle @ is positive, the condition is
satisfied that the angle @ is less than or equal to the
angle d;

(bb) an arbitrarily or algorithmically determined
30 fictitious opening angle B, which adjoins the

microphone principal axis on the right, 1s 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 magnitude of the angle @ is less
35 than or equal to the angle P;



(bb) an arbitrarily or algorithmically determined 30 fictitious opening angle p,
which adjoins the microphone principal axis on the right, is not an element of
a region around zero or equal to zero, and for which, if the angle T is
negative, the condition is satisfied that th& magnitude of the angle T is less
35 than or equal to the angle p; 38 (cc)
themanuallyormetrologicallydetermined directivity pattern of the mono signal
to be StereoptnizetiarepresEntabfEin polgEsdreiiatesl B(dd) geé ermined
satisfactien of the gonditian that theosquared: polawinterval fgnthie angle a,be

divided by dhesquared sine-gt-adnuitiplied by-4plusthe souared polar
interval for the angle T, minus the product of the polar interval for the angle a,

the polar interval for 10 the angle T and the sine of T divided bg the sine of a

is not &7 &ldMEnt6fa FEgioh'afounll Zet6 of Sefliat 16 2efdat (b thesauared
calcutatibprofitheqyain fadtor Philewhichlis 1% dependert onvtherengierTsoed
the amrgle-a and oa theudiregtivitygpatiern of the menotsignakta:beed polar

steregphanized (representable,jp polag cogrdinates); (€) he calcylation of the

gain faci%rrP(ngt, which is_20 dependent on the gggle T,.0n the angl\(;:' , on

the aRgle’s andl 'O the' difdtivit) pattefn of the mdno¥igRal tohe ™ Vot toF

SterespRonized (réprésentabie inlpslaréodtditaté sy tdPthetedlcdation of tife
delayitime &fa)awhicteiss23 dependert oivthe angled, oarthe @nglszaandtan
the digegtivity pattern of the mono signal to be stereophonized (representable
in polar coordinates); (e) the calculation of the delay time L(p), which is

(b) the calculation of the gain factor Py’, which is
15 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) the calculation of the gain factor P(B)’, which is
20 dependent on the angle @, on the angle d, 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(d), which is
25 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 1is
30 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 Dbe
35 stereophonized by the gain factor Py in order to obtain

a principal signal;



30 dependent on the angle T, on the angle p 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 35 stereophonized by the gain
factor Pm, in order to obtain a principal signal; 39 (g) the delay of the mono
signal to be stereophonized by the delay time L(a); (h) the delay of the mono
signal to be stereophonized 5 by the delay time L(p) and amplification of the
delayéd)sigharpythergaif Tadtor PP Corsaltsrnativiely Pthe Hrplfcdtion. s d
the moenocsignakixbe istereaphonjzed by the gain factor P(P) and the delay of
the amplified signal by the delay time L(P); 10 (i) the addition of the signals

obiained undler (.3, (h)jn order fg obigin a side,sional ., (L the stereg,
conversion of the principal and side 15 signglré INto a stereo Si nal” (Figure

16) 6K midtRod TarBbiaifing i bqNAIGHISke/E AT 26 Tor the Sleret =
signab obtainedin abcordance Withtclain® 2Fdm acmonbtsignalt thatactetized
by @gdhe evaluation of the mandally osmeteologieally25ascestained angle

T between, sound; soyrceand migiophone prncipahaxis ify combination with,
(aa) an ar%ltlran%/ or alggéligmlctalllr}{edet?ggmed fictitiousopening angle

a,whicszﬁgajoms}? e%mlcro one prirIfc f axis on the left, is not an element

1t a region around zero or equal to zero, and for which, if the angle T is
positive) thectendition is satisfied that the@ngle Fdsdessthamdeequal)todthe

angkﬁ@b3§n order to obtain a side signal;

(j) the stereo conversion of the principal and side

15 signals into a stereo signal.
(Figure 16)

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

characterized by

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

principal axis in combination with

(aa) an arbitrarily or algorithmically determined
fictitious opening angle qa, which adjoins the
30 microphone principal axis on the left, i1s 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 d;
35
(bb) an arbitrarily or algorithmically determined
fictitious opening angle B, which adjoins the

microphone principal axis on the right, 1is not an



(bb) an arbitrarily or algorithmically determined fictitious opening angle 13,
which adjoins the microphone principal axis on the right, is not an 40
element of a region around zero or equal to zero, and for which, if the angle T
is negative, the condition is satisfied that $he magnitude of the angle T is less
than or equal to the angle p; 5 (cc) themanuallyormetrologicallydetermined
directivity pattern of the mono signal to be stereophonized, representable in
polar Tbordinatest 16(dey Ihe3atstacion aeite conditir? that the? sgQarednd
polar fnterval fonthel anglesa divide dgbyi thensguaaredesine 1of acowmdtipliednbyt 4,
plus thesquared pelarinteryal for the angle T, iminus theprodugs of the polar

interval for the ar%e a, thetquIar interval for 15 the angle T and the sine of T
€ O e ;

divide 69 the sin %%atls not an element of a region around zero or equal to
Zero; (b) the calculation of the gain factor Pm', which is 20 dependent on the
angle(Fcon the anglecaaadlon thedirectiviyr pattern of they mondssigmalitodse
stereephenizedi(representablenin pelar caordinates)o(c) thesgalculation of the

gain factor R(R):,which is 25 dependent,on the angle. T,.0n,the,angle a, on

the angle p and on the directivity pattern of the mono signal to be
stereophonized (representable in polar coordinates); (d) the calculation of the

Helay (e L(aF, Whithis 30-deperderitioh trerdidlecr, ditfiie ARglesaaptssh
the disedtivity ipatternadf thiemane signal to loe steredphadnized {fepresentablie
in polar geordipatgs)y(e) the calculation af thedelay time L) which igo1ar
interval for the angle @, minus the product of the
polar interval for the angle d, the polar interval for
15 the angle @ and the sine of @ divided by the sine of a
is not an element of a region around zero or equal to

Zero;

(b) the calculation of the gain factor Py, which is
20 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) the calculation of the gain factor P(B)', which is
25 dependent on the angle @, on the angle A, 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(d), which is
30 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
35 dependent on the angle @, on the angle B and on the
directivity  pattern of the  mono signal to be

stereophonized (representable in polar coordinates);



35 dependent on the angle T, on the angle p and on the directivity pattern of
the mono signal to be stereophonized (representable in polar coordinates);
41 (f) the amplification of the mono signals to be stereophonized by the gain
factor Pm, in order to obtain a principal $ignal; 5(g) the delay of the mono
signal to be stereophonized by the delay time L(a); (h) the delay of the mono
signal to be stereophonized by the delay time L(p) and amplification of the
delayé&fl) 10t €ignal®Bpiie gamttaetor P(P)'; Braltefrativelyitbearmplificatiorr
of thesmanecsignali to=be istereophoaizedthy the gain factosRE) and thetdelay

of the;amplified signaliynthe; delay time L(P); 15(i) the addition of the signals
obtained under (g) and (h) in order to obtain a side signal; (j) the stereo
conversion of the principal and side signals into a stereo signal. 20 7.The
appardtis for'Ste orftfing AmBAB Sighal a& clditheefinTi&ihy g onized
chardeterized By 1) thérgaih factor Pm, equal to the reciprocal value 25 of
the result which is calculated from the squared polar interval for the angle a,

di;’ideélx?y tt*%ﬁéq!d%ﬁ sige Q&t?eml‘dglg&ie% P?}’ﬁ%lp'lél% “b%ts%%a'erfg : Q‘!Q‘Bizled
interval for the angle T, minus the product o polar interv r angle a,
the piTar TERET 131 36 T8 Al 101 0 ST BRHaEe by e BT,
B) thegaia factsr P{P) egual téatﬁéoﬁ?oad&) ofitheTgair F&ctor PRYSdescribeel
in (a)and theigainifactos P(Rhdesoribed #i gtaim 3(b); be stereophonized

by the gain factor P(P)' and the delay of the amplified

signal by the delay time L(B);

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

(h) in order to obtain a side signal;

(j) the stereo conversion of the principal and side
signals into a stereo signal.

20
7. The apparatus for stereophonizing a mono signal as

claimed in claim 5, characterized by

(a) the gain factor Py equal to the reciprocal wvalue
25 of the result which is calculated from the sqguared
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 d, the polar interval for

30 the angle @ and the sine of @ divided by the sine of Q;

(b) the gain factor P(B)' equal to the product of the
gain factor Py described in (a) and the gain factor
P(B) described in claim 3 (b);

35
(c) the delay time L(d) 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



35 (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 result which is 42
calculated from the squared polar interval for the angle a, divided by the
squared sine of a multiplied by 4, plus tH& squared polar interval for the angle
T, minus the product of the polar interval for the angle 5 a, the polar interval
for the angle T and the sine of T divided by the sine of a; (d) the delay time
L(p) ettt to dhe hedative polag infEvalfor theamjle pididted by firr  the
doubledsined,0 ofip,iples the square soctreftheiresulh fvhickhis calculatedby
from the squated:palardaptervakforthe, angle p. divided:-by. thersquared sing of
p multipiied by 4, plus the squared polar Interval for the angle T, plus the .,
product of the polannterva for the angﬁa p, 15 the polar Interval for the a g?e
Tand'the" Sinet st P Hivided bythe 'Sthe bfp. 8"FHE netRdd foe sine of @
steredphonizihgra nmoro sigrral@s Glaimed in claim 6, characterized by 20 (a)
the gain factor Pm, equal to the reciprocal value of the result which is

calculpid fiaqp the.sqwared polay, Lol the analga, dided by e, o
squarg sine ofla I’PUHID u}ald b 4,lplu the s,qy,areg polartzg in grv%llfo(g he,
angle T HiNGs theBrodlst StHe potar inte&I0r the anbie A the polaf 1
Rtervaf foPthe Rhigte TTAAd BESiRE of PYivided bythe ginewita; "hifthel s
gain fagiarnR R)eequaktothecproductofthe 3 gam-factor Pnvadesdribed irhe
(2) andhthe.gpin factarR(P)slescrbeddn slaim 36): (6} the delayitimedda),y
equal4to thgL 1gegact'vee pé)l%raipéec{v%l fg}% trheiarl I% \‘?‘aﬁi"i Oerd b%/htge dgu?leed(p
sine 35 ofpa, Eﬁus the sqﬂare root o?t e result which is calculated from the”’

squared’SolaF intBRAT 6 thetardig & Widitled By therdqdared difie df @t e B,
Taultiplied 4 aplus thesgaaretbpolahintervalfor thesangle Te 48ine of ¢
divided by the sine of B.

8. The method for stereophonizing a mono signal as
claimed in claim 6, characterized by
20
(a) the gain factor Py equal to the reciprocal value
of the result which is calculated from the squared
polar interval for the angle d, divided by the square
sine of d multiplied by 4, plus the squared polar
25 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 Q;

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

P(B) described in claim 3(b);

(c) the delay time L(Ad) equal to the negative polar
interval for the angle d, divided by the doubled sine
35 of d, plus the square root of the result which is
calculated from the sguared polar interval for the
angle A, 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 U, the polar interval for
the angle T and the sine of T divided by the sine of a; 5(d) the delay time L(p)
eqgual to the negative polar Interval for the angle p, divided by the doubled
sine of p, plus the square root of the resti#t which is calculated from the
squared polar Interval for the angle p, divided by the squared sine of p
multiplied by 10 4, plus the squared polar Interval for the angle T, plus the
produtt of $he- polaPT8ARE! forfthé khglkop 2the IpBtar iérvaPfor Bhe anglel®
and the sine 0bd dividedtey thel siferofthel 328 Ar apparatus fier cghtaining ap

equivalent stereq signal forthesteggo signal obtained in accordance with
claim 1 from a mono signal, characterized by 20(a) the evaluation of the
manually or metrologically ascertained angle T between sound source and
rﬁicrobﬁ%net&?nc Sis i EembifatioR With (aa ah HrbittaAR e Polar
algorithricallyldeterminbd 25rfictitiolls opénindeandgte aFwhicticadjois théne
microphorps prisicipal axis onr e feft, iscwat anelegent eka vegionaiundi s

zero o eahalioeror A fanphichy e Angle s pesiive, e E@ggiticyw
satisfied that the angle T js less than or equal to the 30 angle a; .an

oo & BgoNHiArisly Boansd AuS Bberte AngloLs G BY
Hejoirfs the FHitroptne prineisal &4sdn the iRt s néPan 35 leriéntof @
regiopareund zero ot equabto zero, mndsfor whieh,vikthecangleh® issnggatiye,

the cendition is; satisfiedthat thegpagnitude gfithe @ngleT isless than o ¢
equaldti)  the angle p;, 44 5(9%)etth£n§r]ualIyormetrologicalIydetermined

directivity patternyof t}ﬁe mono signal to be

15 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

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

principal axis in combination with

(aa) an arbitrarily or algorithmically determined
25 fictitious opening angle qa, which adjoins the

microphone ©principal 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
30 angle q;

(bb) an arbitrarily or algorithmically determined
fictitious opening angle B, which adjoins the
microphone principal axis on the right, 1is not an

35 element of a region around zero or equal to zero, and
for which, if the angle ¢ is negative, the condition is
satisfied that the magnitude of the angle @ is less
than or equal to the angle f;



stereophonized, representable in polar coordinates; 5 (dd) the satisfaction of
the condition that 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
T, plus the product of the polar 10 intervéd for the angle p, the polar interval
for the angle T and the sine of T divided by the sine of p is not an element of
a region around zero or equal to zero; 15(b) the calculation of the gain factor
Pm-, which is dependent on the angle T, on the angle p and on the directivity
patterfcof thenmonorsignal 10be stereophanizedl(sgpresentable drepelarined
coordinates);;20(cy thecalewation ofsthe gain factor B(a)'s whigh is dependent
on the angle T, on,the anale. 2. on.the.angle;p and.on the dirgetivity attern of
the mono S|g}ro1ai3to be s’tereo]i'olﬁonlzeda %represeﬁotal%ﬁe in polar coor&nétes);
2%(d) the calculation of the delay time L(a), which is dependent on the angle
T, on the angle asartd ohahe idirectivity pattermof theemonoesighaktosagiared
sterepphenized {represemtablecinepelag ceoljnaies) E{ethetcalcugtion ©f
the delaytime-L (), which is depgndsnt on the angle T, on the, angle p.and en
the directivity pattern of the mono S‘Pnal to be ﬁereo honized ére&gsent?ble
|f ro r

in polaP cobrdinated); 35%) HEamplificatiol of the Fiond Signaito be e

Weredphicaized bithe §am fastorPnk-in biderts bbtain aterincipal Signalhe
45 (grtbedefayaofthermonrad signat tapbel stereephonized oy the«eldy imes
L(a) and amplification of therdelayed signal by the,gain fagfor(akz0k1 o
alterngeti%/gly: the amplification of the mono signal to be stereophonized 5 by
the gain factor P(a). and the delay of the amplified signal by the delay time
L(a);

1é )(b) the calculation of the 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);

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

be stereophonized (representable in polar coordinates);

25 (d) the calculation of the delay time L(d), 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);

30 (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);

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

obtain a principal signal;



(h) the delay of the mono signal to be stereophonized by the delay time L(P);
10 (i) the addition of the signals obtained under (g) and (h) in order to obtain
a side signal; (j) the stereo conversion of the principal and side 15 signals
into a stereo signal. (Figure 17) 10. A #%thod for obtaining an equivalent
stereo signal 20 for the stereo signal obtained in accordance with claim 2
from a mono signal, characterized by (a) the evaluation of the manually or
metrol&gicafty 25%seertaffedtaifg B T Betivesirdotiid Sureé drrprhonized
micraphoneeprineipal axisn cambinattorewithi (@a)ear arbitraribher delayed
algorithmicallydletenmined fictitiusopening anglea whichadjginsthe 30 the
microphone ringieal axis.on fhe left,is nof an slement.of a.(egion around .
zero or equal to zero, and for which, if the a%g?e T is positive, the condition is

satisfietl tht tHe Shgle £i8Tess than 6réqiidito e Bhgtd at38 @) dr +o
arbitrarilynerlalgoritiricady deteimindd(figtitiousopening
anglep,whichadjoinsthe 46 element of a region around zero or equal to zero,

and fop,which, Jf the,angle I isneggtive, the gongition issatistied thatthe, .
magnkgtude of tge angle T is lejﬁ than or equal to the angle p; 5 (cc
themaﬁ’uét—‘llilyeormee]’[f’1 Iotg—]i%:%(ﬁycli e)rmined directivity pattern of the mono signal

18 be

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

(h) in order to obtain a side signal;

(j) the stereo conversion of the principal and side

15 signals into a stereo signal.
(Figure 17)

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

characterized by

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

principal axis in combination with

(aa) an arbitrarily or algorithmically determined
fictitious opening angle qa, which adjoins the
30 microphone principal axis on the left, i1s 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 d;
35
(bb) an arbitrarily or algorithmically determined
fictitious opening angle B, which adjoins the

microphone principal axis on the right, 1is not an



stereophonized, representable in polar coordinates; 10(dd) the satisfaction of
the condition that 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
T, plus the product of the polar interval f&f the angle p, the polar interval for
the 15 angle T and the sine of T divided by the sine of p is not an element of
a region around zero or equal to zero; (b) the calculation of the gain factor
Pm-, WHiglR s 20 Heperidehitoh thecarigle 75on the anghkep ahd oittirer  and
directivity pattern, ofithetmenarsigralgo be steseaphanized {repsesentatte ins
polar coprdinates); ) thegalculation of the gain fagtor R(g).eWhchiis 25¢ 5 5
depe@g%%t on the ant%IeC:)I', QgethenarFngeg'aléj on the angle p and on the

directivity patterenqtlalfa € mono siSng to be stereophonized (representable in

p?)lar coordinates); (d) the calculation of the delay time L(a), which is 30
deperident oir¢he angleuk,1dry the angle arsrid ohdhié diretivity pattermofie
monaisigaat to/be stergephenized (sepresentabledn polaseoprdinates); (€he

the calculatign,of thedelay time Lp), which i 35 dependent pn the.angle T,

I

on the angle p and on the directivity pattern of the mono signal to be

stereophonized (representable in polar coordinates); 47 (f) the amplification

ot the(Adho"SignaPrielisé 3tereophehizetichy-tregaircractdr®mt i ordfétaped

obtaipalprincipalesignal; 5¢g) thedetayy0Eth®, monoiSigaallde behe squared

Zterﬁgﬁ'ﬂ@;”if@@ bsph%ﬂ@é@psl finae L(@% anﬁl, aWMllﬁ_ifgatieﬂeof H}ﬁ;g%@&edpsgalél

y the gain factor_P(a).; or alternatiyely; the amplification of t no signa

1 be S omonized 5. AT IabioP LS. A he Celsy of e g

e

105idﬁ‘§leo‘?’ﬂ1]eo%‘?§yt 8 Lfpele B, the polar interval for

15 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 the gain factor Py, which is
20 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) the calculation of the gain factor P(A)', which is
25 dependent on the angle @, on the angle A, 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(d), which is
30 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
35 dependent on the angle @, on the angle B and on the
directivity  pattern of the  mono signal to be

stereophonized (representable in polar coordinates);



(h) the delay of the mono signal to be stereophonized by the delay time L(P);
15(i) the addition of the signals obtained under (g) and (h) in order to obtain a
side signal; (j) the stereo conversion of the principal and side signals into a
stereo signal. 20 11. The apparatus for étereophonizing a mono signal as
claimed in claim 9, characterized by (a) the gain factor Pm- equal to the
reciprocal value 25 of the result which is calculated from the squared polar
intervef for thecangl&@p! dividéd byrthe SfuaFéd sine@BTp meitipliet by-2, plas
the sguanecopolan intetvaldor theangie Iy plids the product ofithe polasr to

intervahforitheangle p, the palarinterval for the 30 angle T and the sine of T
divided by the sine of p; (b) the gain factor P(a). equal to the product of the

gain factor Pm- described in g;\) and the gain factor P(a) described in claim
3(a); 38’ (c)the défay'timefL(a)'eqliartd thiéHeyative pofar thterfaror tHe ©d
angleda, dividet® by thé dotbled sinenof arplus the sguare edottdfehéaésuktd
whichsisgd81catgulated fremithe squaredpalar interval fercthesangleia; divided

by th%@??ﬁ%éﬁ%ﬁ g pultiplied by 4, plus,the squared polar inigryal for.
the an etT, minus thgaprtoduc% & the ol(?r énterval lfor thefartgle 54, Sthefgol(?r
interval 0t the Hhgle Tand thé Sthe of THiViBEd By e Sihe of a: Ay thé <
Helaytirfied(pPequaftcitherredative pofrinterval for the angle p, divided by
the doubled sine 10 of p, plus the square root of the result which is calculated

from the squaredpalar Intervahor the angle,p.-dividedly thesquased sine of

p multipli qhbyd4, plus.the s d polar Interval for the angle T, plus the
producgoﬁ the p%lffryln%éf{}glc’%?ét e angle p,

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

(h) in order to obtain a side signal;

(j) the stereo conversion of the principal and side
signals into a stereo signal.

20
11. The apparatus for stereophonizing a mono signal as

claimed in claim 9, characterized by

(a) the gain factor Py equal to the reciprocal wvalue
25 of the result which is calculated from the sqguared
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

30 angle @ and the sine of @ divided by the sine of B;

(b) the gain factor P(d)' equal to the product of the
gain factor Py described in (a) and the gain factor
P(d) described in claim 3(a);

35
(c) the delay time L(d) 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



15 the polar Interval for the angle T and the sine of T divided by the sine of p.
12. The method for stereophonizing a mono signal as claimed in claim 10,
characterized by 20 (a) the gain factor Pm- equal to the reciprocal value of
the result which is calculated from the s§8ared polar interval for the angle p,
divided by the squared sine of p multiplied by 4, plus the squared polar 25
interval for the angle T, plus the product of the polar interval for the angle p,
the p6fat fterfddor fieRndgie T ardHRe sthe s TRdividéd bytheé sihietof p;he
(b) therggir factos P(ajieeyual ta the producidf dhe S0cgaio factor Rmied by
?escri;bedamdg)taamt%thgcgﬁéteé@ct%&e@? d@ﬁlgf@lg?gin cﬂallfr; %@gg @%&E@%@J@y
ime L(a) equal to the n ive polar interval for.the an ivi
doubiog e 35 o DU e Aucie rgot o 1ot Wik s caiogad 2
from fhe §GGar Folar iHteRA fort e afgle™d HifidBd By thelSquared sirhe Bf
a multipliedy dyplusehe Segiaréd Polar interval for the angle T, 49 minus
the product of the polar interval for the angle U, the polar interval for the
angle,T, ancthe sine of T divided; hysfhe sing of &, 5(d) the,delay time L(p) .
equal,totthe n%[gagve p&llar Interval fgr th ,an%le P gIVIdt d by thebgoubled
sine of 1, PiU& the SuareTodt'f the tesdit Which'is Caldulsted HomThe 51 1°
SQuared pblar Miefvalfor thé &@tryie p, divitePby thessqugredsine’sfiph  1s
multiplied-by 464 plusdhe sduarethpealas dntervakfor thetangte I, glus thehe
Df%dt&w_iéh ] f?@@g&%&;bf%f E'Pl_% aggl%%%ﬁﬁ;?@?l@f Bﬁeﬂl%l%@&&ftﬁl%@eb'[/
and the sine o ivide the sine of p. .. The exten apparatus as
claim%('j inpc?llélsm q]oer cfaﬁ%g %% clgi?%aSrgrlc aim 7 or c%r% gd%reclaa?rrﬁg%, Z

chardetérizdd By e Addftichal HansRsthidtion6EtheresheEivery hitgihed®’
Kteres signad irito stereephohicisignald shivtodre reproduced by more than @

two 28lauidspeakers.nid.sthe extergled method as claimed in claim 2 or claim
4 or claim 6 or claim 8 or claim 10 or claim 12, characterized by the additional
transf05mati n of the %5 es ectivelg obtained stereo signal into stereoehonic
. } .. The metho 8?) st re%%.onlzﬁn% a Eono signa as
sighals which are reproduce y more thantwo loudspeakers.
claimed in claim 10, characterized by
20
(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 B multiplied by 4, plus the squared polar
25 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 PB;

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

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

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

(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 result which 1is
calculated from the sguared 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 J,
the polar interval for the angle @ and the sine of @
divided by the sine of PB.

13. The extended apparatus as claimed in claim 1 or
claim 3 or claim 5 or claim 7 or claim 9 or claim 11,
characterized by the additional transformation of the
respectively obtained stereo signal into stereophonic
signals which are reproduced by more than two

loudspeakers.

14. The extended method as claimed in claim 2 or claim
4 or claim 6 or claim 8 or claim 10 or claim 12,
characterized by the additional transformation of the
respectively obtained stereo signal into stereophonic
signals which are reproduced by more than two

loudspeakers.



