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PROBLEM .:Ialailmiih:l:.  The method provides a front-end for directivity adjustment:

set two relevant parameters rather than N coefficients.

_ | _ | o _ elect the coefficients a = |ag, a1, ...,an| as the solution of: so provides end-users with standard patterns they mig e
() Sound engineers and technicians usually choose the position of the Sel h £fi i ap,..., he soluti £ Al id . ith standard patt th iaht b
microphones and their directivity pattern heuristically and accustomed to.
according to their personal taste. 5 _ - - . . . .
J | p. o a (o, A) = argmin @, (o, A) subject to I'a(0) < 1V0 () Results and design examples are summarized in the figures.
() Most commercial microphones have directivity patterns: a
T .
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Pattern a1 | Description R S11 0 107e .
Hypercard.(I) Supercard.(I) ( W m K \ / \ 2
Omnidirectional 0 Non-se_lective. o | | 0gl va—>0,7t=1 @Eﬂ/mﬂ %%%%%% N RN
Cordioa | 42| Most widely used. Good rejection fo back diectons. | @) Angle a s set to cover the angular region where the sound sources | "o PPPROOD:
Supercardioid | 0.586 | The one with maximum front/back energy ratio. are Iocgted, while )‘ COI_’]t.I‘O|S_ the relati_ve impqrtance of the 061 St ardioid %%%%Q; (D (D) (D (D 1
Hypercardioid 2/3 | The one with maximum directivity index. uniformity of the directivity in the desired region (such that = 0 Cardiod () 425 120 56 ANV VA
sources are recorded at the same level) and the suppression of ol s TAR0S ANAANAAVARVARE
() Variable-pattern microphones can have all values a1 & (0,1), hence sources outside of it. 09, @ @ bt %%%;L A >< >< >< ’
. mni 1
can emulate all the above and also useful hybrids between them. @ Most common patterns are solutions with specific couples of (ar, \). ol e %%%9 NANPANPANPAN VA
() More general solutions can be obtained by freely varying (@, A), el T T S S S T B S
_ Omnidirectional ||'0RDER
(B b (7T, O) — / ‘F/ (9) |2 sin 6 d6 whose solution is the constant 1.07e ercard. upercard. ardioid (11 5
: 0 2 function, i.e. omnidirectional. 03 Hycfeo,aifm Sap:n/z,;:(il) c(;z;l,kdz(ll.l()) ﬁ%%%%$ ® dp CD C) 6
_ - - - - - upercardioi 0.6/

() Phase-mode beamf_ormers like the eigenmike, and _(more in _ fﬂ\Fa(é’)PsianH P . HIONON OGN N C) C) !
general) N-order microphones greatly enlarge the design space, o, (_7 1) _ 2 which is the back/front ratio, hence 04" QDM !
and can emulate patterns of the kind: 2 fof T4(0)]2sin 0 do the solution is the supercardioid. 0l @ ﬁ%ﬁ NNV

| Omni dAVAAVARVARVYARE
T'a(0) = ag + a1 cosd + azcos® O + ... + ay cos’ 0 oob. . e S e NIV
Hypercardioid 00 x* xz 3z % S5x  3x Ix g oz T 3 xSt 3w Tr
- - = - - g =g T 8 4 8 2 8 4 8 8 4 8 2 8 4 8
(O How can sound engineers and technicians exploit this flexibility? 5(0,1) — argmin / To(6)2sin@df  which is the inverse of DI, hence
9 T a / 04 oY
a 0

() Coefficients of higher-order cardioid, supercardioid and hypercardioid are the solution is the hypercardioid.

already known, but this set of patterns is limited.

III-ORDER

@ SEtung |nd|V|dua”y the N dials (COefﬁCientS) IS COmplicatEd because each Cardioid and subcardioid L0 ‘Hypercard.(III) Supercard.(I.II)C;KHOid - %%LL (D @ m C) g
one of them does not have a clear impact on the shape of the directivity: ogl 7oAt A e A~0.94 N

- . | L . P PROD !
€ Not originally designed to satisfy any specific optimal criteria, and | % LP QL SEANVAE
are not particular cases of the proposed cost function. o %%L (P (D) (D C) C) !
O Very close to solutions of the optimization problem. 04 1
e 2 N gggggzgg/“wﬁwc>c>g
= min _— ; — | Omni DD !
0 I(le’l{l 277/0 ‘Fa(a,)\)(e) Fd(9)| do i 1 1 1 1 1 o %QQ NVANPANYEL

o0 z * 3x Z 3¢ 32 = g 7 T 31 7 b 3T Ir

© Subcardioid and cardioid (I-order to III-order): § lower than -52dB. S ; o R

cPSRC

Engineering and Physical Sciences

2011 INTERNATIONAL CONFERENCE ON ACOUSTICS, SPEECH AND SIGNAL PROCESSING, (ICASSP), MAY 22-27, 2011, PRAGUE, CZECH REPUBLIC Research Council



