M CROPHONE ARRAY W TH HI GH DI RECTI VI TY The invention concerns a m crophone
array which conprises a multiple of mcrophones which are arranged in an

el ongat edwel@agae or housing. The individual m crophones igrfhRodNios20PN0NE
array are arranged in pairs, in that the individual m crophones in each
pair are placed on each their sides of a centreline for the m crophone
array, and in that the signals fromthe m crophones are summated to form an
output signal for the mcrophone array. M crophone arrays of this type,

whi ch usRIChOPHONERRRASMATH!IR S HIRRISH{@m @ finite nunber of

m cr ophomes;—drspay a drrectrvity—whtci—+s—dependent on the frequency. The
directivity generally depends on the effective length of the array and the
acoustic wavel ength at the relevant frequency. There is thus achieved only

a m nor Tehegirg@nibndcoecdmei hymidropBoné rmgeﬂ&m@ﬁ &ém?ns@é 4 rrﬁ@l'ﬂsiéc'o?s wher e
t he wavel ength L is much greater than the 1engt he array), and the

directi W'F‘Spﬂm@reéaﬁ’&chmatr?u @WG%Q@@T&W'@W&B@ glementsopdivusing EhQ/eryh
h d t
sl oh degidigaakl MidBBhbNES 1h e HRASHRNOGE Bﬁﬁwrs Al bt rOpﬁf) athhign the

| engt h the array e array
can pr ovwidiegdaat enicedphategr de eﬂcrdlpaﬂctarel placed depeadentheonsides ofea al |

| ength h est fr uency .at ch t he .di recti onal
char act gépé—?ﬁ%eagadqéeﬁﬁfq%ﬁie %'g%f H@ﬁﬁ‘@ ﬁ'%%%! rogn &%%ﬂ@ﬁﬁoﬂﬁst he

di st ancardetumeeatetite fmmrampdnnpasSugnattfoeﬂeé fridtopthbee lagrgt h of the array and
t he di stance between the m crophones (and herewi th the nunber of

m crophones) thus depends on the frequency range in which a given
19i 1 ect i wiikdphondestdardotthidiyBeCRhich (sd HifedtSsummation of the signals from a

finite number of microphones, display a directivity which is dependent on the

frequency. The directivity generally depends on the effective length of the array
and the acoustic wavelength at the relevant frequency. There is thus achieved
only a minor degree of directivity at low frequencies (i.e. at frequencies where
15 the wavelength L is much greater than the length of the array), and the directivity
increases with the frequency until there is achieved a very high degree of
directivity at wavelengths which are much shorter than the length of the array.

The lowest wavelength at which the microphone array can provide a certain

20 degree of directivity is dependent on the overall length of the array, and the
highest frequency at which the directional characteristic does not have
significant side lobes is dependent on the distance between the microphones in
the array.

25 The length of the array and the distance between the microphones (and herewith
the number of microphones) thus depends on the frequency range in which a

given directivity is desired within certain limits.

Such microphone arrays which are configured with the object of achieving a
30 good directivity are used, for example, in connection with conferences and
meetings, where a microphone is positioned to detect the sound from one or

possibly more speakers, but not from speakers who are situated in another part
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Such m crophone arrays which are configured with the object of achieving a
good directivity are used, for exanple, in connection with conferences and
neet i ngs,,Whgsest M crophone is positioned to detect the $R4fiskdofofgtrone or
possi bly nore speakers, but not from speakers who are situated in another

partof the room and who possibly use pther m crophones. Mreover, such

m crophone arrays are used in connection with tel e-conferences,

vi deoconferences and the like where it is simlarly desired to detect

sounds from a speaki ng person wi thout also picking up disturbing noise from
ot her peifsdie ErOMagREr Wt RRSSEYY | Hs@eRthesl migrophepesl Meeeamer! syehin

connect o M es el ORI BAHNsArl 1R YIBLDrdrefiBBs D@ saged

that a m crophone array can be pl ace e vicinity o e screen, for
exanmpl e eanfergmeed and th likbavharpeit i simitariyt desicerkito afetetlesawidsefioms a

m cr ophot ki pStErCRIRAS: aish i dind Wb BRod R BRI ECRERBRR Tl o o

expedi ersagkgsoindnoisand gehatali t is of a reasonable price, which among ot her
things means that it needs to be relatively sinple in its configuration
Wi t hout containing too many and too conpl ex conponents. M crophone arrays

of the kA@?eQi%f L8 il Betirﬁ‘gohqédétgﬁﬂﬁﬁﬁ PBrayrRal kBRMutesUnEHRNE wHer@ i US

pat ent publication no. 4,31 4, where use is made of a relatively |arge

gurrber docfarrrberefpﬂsﬁgﬁﬁ thatenenciapbpop HfRY aaRde Placeddir theovigttly fdhehe
esir f i t Vi Ih i I I : d
1 such STHRTCE GRmAE i i or 1180 Thal SBIKIF Rrof e3Pt e Shfedh £719¢
e, i .deteoteld Bythedimidraphone.

It is important for such applications that the microphone array is small in extent,
so that it can easily be placed in an expedient position, and that it is of a
reasonable price, which among other things means that it needs to be relatively
15 simple in its configuration without containing too many and too complex

components.

Microphone arrays of the kind defined in the introduction are known, for
example, from US patent publication no. 4,311,874, where use is made of a
20 relatively large number of microphones in each microphone array in order to
achieve the desired degree of directivity. The microphones in this array are
arranged in such a manner that the distances between the microphones are not

the same, i.e. not equidistant.

25 Furthermore, microphone arrays are known where the microphones are
arranged at varying distances, and where the microphones are connected to
different kinds of filters. This is known for example from DE publication no. 36 33
991, where use is made of bandpass filters with frequency bands which are
adjacent to each other.

30
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Furthernore, mcrophone arrays are known where the m crophones are arranged
at varying di stances, and where the m crophones are connected to different

kinds of filters. This is known for exanple from DE publlclqigl 36 33
991 , wheWV@ WS#®%s nade of bandpass filters with frequency /Blg?sgm\?ﬁlzch are

adj acent to each other.The object of fhe invention is to provide a

m crophone array which with relatively short length, with a relatively

smal | nunber of m crophones and rel atively sinple nmeans, can display a high
degree of directivity. This is achieved with a mcrophone array which is
conf i gurigr eisiedi stihesiedentiorcisabrprovidBya Mictophiong arfy Whishopid frRlatiygnal s so

t hat m crophone depend {
heti ve eBOREGARH WiTha derbred el hhmiler b EdrhohBE ARDAMEN SFhoie’ B N
the arrayesmd) dé?wdﬂ@bldg@l@iﬁﬁeig@@@bfﬁ%tﬁxetywavel ength over a certain

frequency range, so that the directivity can be held constant over the
rel evant frequency range. Mreover, it is achieved that with a suitable

gﬂ ggl grfhé%&&cag ga{\)e?xewagfé ; nefb‘;pﬁa‘net heayiwhieRhe neshfigarst @scmsclese@ridl ngly

aracteristics, the directivity, can
det er mi mmepaydﬂmgmgmheheldm@mrmwn@iﬁeso 4hali encreaRgRes. \Mﬁﬂeé‘déng PRe sane

time th %8{@%&{3 ﬁ?g?ﬁ@? Oolégehgkg Rt & é@é'ito‘f‘%éihéPWeb@éﬁélﬁsthlB an

expedle inclaim i sTachi eved
mcr Oph%lé\Vé@métameaeﬂﬁm%alehgm pEthe \artay, can de heldepepgeinnaiftotthe

frequency, up to an upper f fo
mcr opho¥avelanathwPyer g T éﬁ’gﬁ 6?”&%’es%rt5§gl%seﬁgggﬁvﬁ{£ gént %} 'ﬁ%g? ?\r/l '? {/

j§ achi ey tér‘it%\)ér*‘tﬁefré%ﬂﬂ% iénclorande Mbeohegduanaghieved thaineitver , it
I's achi ev&ﬁ’ that the di rect|V|?y |§Dt hegeﬁl fstt 0SSi. b(lyhe in a frecf]uencyI

range freuitahls d¢baicet oof Jhe. pE@cise posmons 0 e microphones,
correspondingly suitable choice of filter characteristics, the directivity can be

determined depending on the frequency over a wide range, while at the same
time the number of microphones is held at a suitably low level.

15
With an expedient embodiment as disclosed in claim 2, it is achieved that the

microphone array has a constant directivity, i.e. independent of the frequency,
up to an upper frequency f, with the use of a minimum number of microphones
and with a given length of the array. The constant directivity is achieved from the

20 frequency f, down to the frequency fJ/3. Moreover, it is achieved that the
directi\/ity is the highest possible in a frequency range from /3 down to f/10. By
using unidirectional microphones e.g. unidirectional 1. order gradient
microphones, it is further achieved that the main lobe of the microphone array is
associated with only one side of the array.

25
With the especially expedient embodiment as disclosed in claim 3, there is
achieved a microphone array which has constantly high directivity in the range
from 5000 Hz down to approx. 1670 Hz, and which furthermore has the highest
possible degree of directivity from here and down to approx. 500 Hz, i.e. in an

30 area in which a large part of the frequency range for human speech lies.
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using unidirectional mcrophones e.g. unidirectional 1. order gradient
m crophones, it is further achieved that the nain | obe of the m crophone

array is Wﬂ@%%ed with only one side of the array. Wth jhgpRronaeial |y
expedi ent "enbodi ment as disclosed in claim3, there is achieved a

m crophone array which has constantly,high directivity in the range from
5000 Hz down to approx. 1670 Hz, and which furthernore has the highest

possi bl e degree of directivity fromhere and down to approx. 500 Hz, i.e.
in an area in which a large part of the frequency range for hupman sgeech

li es. W tWithrenatber empeerdiment sigbhaadhahgisansed s elimnScpad nf etherd |
there i | t r a f ; i i

i atsriue dfie, A 2ATBRKIRCARe HRer MRal e cdl e | IntediaRly |
ar ea f orascheaireidnwhetier thei pdrsos opecgriathisr situatedie thedrag far Hreopraine

arrays with a high degre f_di tivi . f L, 0Q, 1 i ntion
a1 b e nd Prdhds e imBodaetivh8idsng é?‘%’JPgﬂéggtaéwﬁe“%’ri %v&"ﬁﬁf‘dé gEC 1 9.
B showsfaidelfiviky.di agram which illustrates the configuration of the

m crophone array according to the invention, fig. 1b shows a correspondi ng
bl ock diagramwi th an alternative configuration of the m crophone array
accor di ng the tbikswindy & ibntibhwil bes Be¥EriBdeinPRDIE idehingithf refdrentadbvi dual
m crophones in the m crophone array in a spatial co-ordinate system fig. 3
shows a thedsawingnathatBar acteristic for a m crophone array according to the
i nvention, where the direction characteristic is displayed in the

hori zontal plane for frequencies fromf 3 to fO,

10 fig. 1a shows a block diagram which illustrates the configuration of the

microphone array according to the invention,

fig. 1b shows a corresponding block diagram with an alternative

configuration of the microphone array according to the invention,

15
fig. 2 shows the positioning of the individual microphones in the
microphone array in a spatial co-ordinate system,
fig. 3 shows a directional characteristic for a microphone array according
20 to the invention, where the direction characteristic is displayed in
the horizontal plane for frequencies from /3 to f,,
fig. 4 shows a directional characteristic corresponding to that shown in
fig. 3, but for the frequency f,/10.
25
fig. 5 shows a direction characteristic for a microphone array according
to the invention, where the direction characteristic is displayed in
the vertical centre plane of the microphone array, and
30 fig. 6 shows a section of a housing for the microphone array according to

the invention, in which there is a built-in visual indicator for the

indication of the array’s main lobe.
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fig. 4 shows a directional characteristic corresponding to that shown in
fig. 3, but for the frequency i 0. fig. 5 shows a direction characteristic

for a m cwephoogzarray according to the invention, where therfiisgkion
characteristic is displayed in the vertical centre plane of the m crophone

array, and fig. 6 shows a section of & housing for the mcrophone array
according to the invention, in which there is a built-in visual indicator
for the indication of the array's nain | obe. A direction-determ ned

m crophone array according to the invention consists of an elongated _
el ement or housing in which a nunber of m crophone transducers are built in

a |1 nearAiation-determinBdaniceyphcidlantl decbriin o Akl B ibrtddsige gref err ed
to as mcrophones, These microphones can be bullt into the housing so that
they carfl} EQA9AELS slRTAeHt @nheusing jirjadicthatnumbemefl mikrophome trankdederss

describ | gs [ f:q] I;qw t IGLO ecei ve.spund only
From the proun f 8aHoar Rahft 12 v w, ‘2t WHicP B3R Jol GiogfirBe
uni di r edefesred talas onideaphgnadi Ehesermicrophones cafitte bailtfinguihat hiousigg sbhe

di ti ] h .array s, illustrated by means of the bl ock diagram
0ot Qg g TIRG ly F GALEians o e ke B aoran
ar r angedidseriaed ompres @lddedy i ke pailowig, the RGN AY receiM(’?gﬁP?ec?rlhiposed

in th t their sides of a centre plane or the cent e of

e m crGUHORE TR By LFTORGE BTaYs &GmMAENgISpH Tl of Uneivechanal -

, MB+, M4 iehP rhidfdHHeRY! ' iWht WetfeTelaTo) its
de. of “The. Cantt e bl ant aha gt Noner anartauon; o B¢ SR RICREBPataE e
ect ri cHla¥%isgiistrated Myeneansoé thepblosk diagraoupheantio figt 4aoWinisshoarsad e

‘;_i'4|+2 fG; | Frfé:arlgt?]erg fﬁrpﬁ:@@ﬁﬁrfggr@ﬁ:-g\ﬂ4+,h\?7ﬁicir1tasreoa\'ypar1tgrea |§1faeFov]:/,usnoC%Ha?rt}weHéa#fo} )
microphones M,, M,, are disposed in the centre on each their sides of a centre
plane or the centreline of the microphone array, and where the remaining pairs
M,., M,,, M3 ,M;, .M, M,, are correspondingly disposed with one microphone on

15 each its side of the centre plane and at increasing distance from said plane. The
electrical signal from each microphone is coupled to its own separate filter F,_ -
F,., each of which has its own transfer function H,(f) - H,.(f). Each of the filters is
configured as an analogue low-pass filter of the 3rd order, phase-corrected with
2nd order all-pass filter, and the output signals from the filters are fed to a

20 summation link S which forms the final output signal for the microphone array.

The low-pass filters F,_- F,, are configured so that in pairs they are identical and
correspond to the paired association of the microphones. The cut-off frequencies
fa. - T4, are thus also pair-wise the same, and these are adjusted so that they

25 decrease in relation to the position Y of the microphone pair from the centre
plane.

In fig. 1b there is shown an alternative way of building up the microphone circuit.
Here, use is made of the symmetry in the microphone array, i.e. the fact that the
30 filter F,, corresponds to the filter F,,, the filter F,, corresponds to the filter F, and
so on. The circuit in fig. 1b has the same function as the circuit in fig. 1a, but the
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configured as an anal ogue | owpass filter of the 3rd order, phase-corrected
with 2nd order all-pass filter, and the output signals fromthe filters are

fed to a swowomoikean |ink S which forms the final output sigpatpkesedshe

m crophone array. The |owpass filters F _- F4+ are configured so that in
pairs they are identical and correspogd to the paired association of the
m crophones. The cut-off frequencies fc4. - fc4+ are thus also pair-w se
the sane, and these are adjusted so that they decrease in relation to the
position f

. i cr oph it f h re.plane. In fig. 1b th
bt T PP AR O b Th e SRmBEnERe: 1 et g BIprard sevorer o,

i s shown

use i s rMadiedhséhionsyftn@licyr sumiaBoRlliakoBHare array, i.e. the fact that the
filter F1+ corresponds to the filter F. , the filter F2+ corresponds to the

filter F2- and so on. The circuit in fig. 1b has the sane function as the

circuit |hiigf ¢ iReki e CAHii | éﬂﬁnt‘ | r
conponent sl,g I.Q%tr%eﬁgg?sn?gﬁlp b?ﬁ ﬁl?ééﬁs{il\g(rjgé‘igg\%o Wt e ﬁ\g‘é%ft@%fnﬁ%to Hgn?our
Sunmat i GHraY iksheyn-insy righrangled, 2hrechdinersidriab mionordiriate heysterdj iri thal

m cr oph : - . | ' ng agray is,_shown. in,a right-angled,
three-pdiqﬁréf% otﬁg]'é\pégpgﬁ%% n%g ?'géés)cfg?ﬁ enpﬁé% frﬂ%' %Wahipéfrﬁ%}ﬁn@é'gare
pl aced qiaddtkon-eadhsthelthside rufithe 3G plpaeS B Biae thibYsan 36@es ansy@debtryhei r
side of the ?(i gl ane, .in that this plane forns a synmetry plane for the
mi cr ophdH& & dDS MHFIIPROLS: 3Tl at i ons and experiments, where both the

di stances Y of the m crophones to the centre plane of the array and the

cut-off frequencies f are varied, a relationship has been found between
these pdVihetest simyatioaspandsexpariments, venerei bathithe distancesalt of Hhgh

1 eaoenELopHI AL LSS ine b 30D 4 ELLLER ilerBi 0%
varied, a relationship has been found between these parameters, where by use
of this relationship, a constant, high directivity without significant side lobes is
achieved over a broad frequeny range. Moreover, with these tests it has been

15 ascertained that in an even greater frequency range there is achieved a highest

possible degree of directivity.

In the table 1 below are given the approximated values which have been found
for the positions Y of the microphones, and the related approximated values for

20 the cut-off frequencies f, of the filters. The frequency values are normalized
relative to a reference frequency f;, which is the upper value for that frequency
band in which the desired main lobe exists. Similarly, the values for the positions
are normalized relative to the wavelength L, of a sound wave with the reference
frequency f, in free air. In the example embodiment, the value used in the

25 conversion between frequency and wavelengths for sound waves is ¢ = 342 m/s
for the speed of sound in air. With the values shown, it is achieved that the
microphone array has a constant directivity, i.e. independent of the frequency,
up to an upper frequency f, for a minimum number of microphones and with an
array of given length. The constant directivity is achieved from the frequency f,

30 down to the frequency f,/3. Moreover, it is achieved that the directivity is the
highest pdssible in a frequency range from f,/3 down to f,/10.
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ascertai ned that
hi ghest possi bl e degree of directivity.

in an even greater frequency range there is achieved a

In the table 1 bel ow are given the

appr oxi mefyedosedotes whi ch have been found for the positi ogerDdosdobe
m crophones,” and the rel ated approxi mated val ues for the cut-off

frequencies fc of the filters.

The frequency val ues are normalized relative

to a reference frequency f0, which is the upper value for that frequency
band in which the desired main | obe exists.
posi ti onpgtgieer-normal i zed relative to the wavel ength I _0 of a sound wave

with the reference frequency fO.in free air.

Simlarly,

In the exanp

the values for the

| e enmbodi nent, the

val ue us¥ierophane conver si on ARgieBNY s equency anBuitireayensyfdh sound
waves isyc = 342 nmi's for the gpged of sound in aij
it is achieved that the m crophone array has a constant directivity, i.e.
i ndepend¥at of the frequency0&3 to an upper freqlidncy f0O for a mni num
m cr ophones and w tlpo%n array of given b%ngth. The const ant

directivity is achieved fromthé frequency fO downhto the frequency fO0/3.

nunber

Mor eoveri,i t
frequenc|$;1 range fromfO0/3 do

pequency ML+ 0.33 1
M+ 1.8%0. 45 M-

Cut - of f

10

15

20

M4+
M,.

"o '

-1.85
2.89
-2.89

O Tabl e

1:

M

-0.33 1. 1 M

4 Wth the val ues shown,

0.45
0.04
0.04

is achieved that1id3e directivity is 08e highest possible in a
&r %phone Position Y/L O
49 03 0.8 M. - 1.03 0.8

The values given in Table 1 for the cut-off frequencies of the filters can, for

example, be obtained with filters whose frequency characteristics shown as - -

magnitude and phase as a function of the frequency are as shown in the

following table 2. This table describes the frequency response of the filters as
magnitude (dB) and phase (degrees) from /10 to 2f,.

Table 2:
Frequency Hy.and Hy, Hy and H,, Hi.and H;, Ha.and H,,
{(normalized) | Magn. Phase Magn. Phase Magn. Phase Magn. Phase
{dB) (degrees) (dB) {degrees) (dB) {degrees) (dB) (degrees)

0.100 -23.63 53.7 -25.00 58.6 -28.67 87.3 -12.37 57.7
0.125 -22.40 43.4 -23.69 47.4 -27.25 73.7 -14.75 454
0.160 -21.37 32.7 -22.56 356 -25.76 58.8 -17.32 31.6
0.200 -20.54 21.6 -21.62 23.1 2425 42.1 -20.12 16.1
0.250 -19.86 10.1 -20.87 9.8 -22.77 22.4 -23.13 -1.4
0.315 -19.28 -1.8 -20.27 -4.6 -21.50 2.3 -26.35 217
0.400 -18.70 -14.6 -19.79 -20.9 -21.04 -34.4 -29.72 -45.7
0.500 -17.98 -29.2 -19.47 -40.4 -22.50 -70.5 -33.16 -75.8
0.630 -16.90 -47.3 -19.55 -64.8 -25.88 -101.0 -36.62 -115.4
0.800 -15.08 -74.6 -20.57 -94.6 -30.01 -122.5 -40.29 -167.4
1.000 -13.56 -129.8 -23.08 -126.3 -34.25 -137.7 -44.73 133.6
1.250 -19.29 162.3 -26.86 -154.8 -38.42 -148.9 -49.99 81.5
1.600 -27.49 126.5 -31.30 -178.8 -42.48 -157.6 -55.50 42.3
2.000 -35.09 103.3 -36.06 160.1 -46.45 -164.9 -61.06 13.3
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- 1.850.45 M+ 2.89 0.04 M4 -2.89 0.04 The values given in Table 1 for the
cut-off frequencies of the filters can, for exanple, be obtained with
filters wyesesbdogquency characteristics shown as magni t udgEnskdaes as a
function of the frequency are as shown in the followng table 2. This table
describes the frequency response of the filters as magni tude (dB) and phase
(degrees) fromyiOto 2f0. Table 2: Wth an exanpl e enbodi nent which is
configured with the upper limting frequency fO of 5000 Hz, and which is

t hus conjit:gured L0 lLe 3. . there | i d ]Gl array
uni oh” nad i BB eRamB P bR Cniiior 15T e uRET G B P RE B Ro

appr ox. feBii@ndy faatS000 ¢z, amdneloickhris thues comfegured ressshqyars &n tibde Gethrare of
directivjty fromhere down to approx.,.500 Hz, i.e. .ip a rea.in which lies
a | ar ge ACHIEYPd B TPRERAR AJrava RCt BRS moRSietydapiieiEL A et gfdecan be
di r ect | ¥rd T8 0OTERLetbwh tth adpssd- PBTRHZ amd Rasishf Moresvarntias tRe cthighiskar
all-pass filter. Fro oint of view of circuit_technjque, the

. t he pe .
ishpl emeROSEIRR dégﬁaeo& diEgGtivey from here dawerts @PRIPY FAGRE. Wey's an@fiedHdnon t he

basi s ofy#iBg liEQfaQEKg@ bR oP iR ird§de SRRt BEheth Sederer son skilled in
the art. Table 3: crophone Position Y Cut-off frequency f (nmm (Hz) M+

22.3 5500 -22.3 5500
These filters can be directly implemented with a 3rd-order low-pass filter and a

2nd-order all-pass filter. From the point of view of circuit technique, the
10 implementation can be carried out in numerous different ways, which on the
basis of the information provided can be effected by a person skilled in the art.

Table 3:

Microphone Position Y Cut-off frequency f.
(mm) (Hz)

M,. 22.3 5500

M,. -22.3 5500

M., 70.3 4000

M, -70.3 4000

M, 126 2300

M, -126 2300

M,. 198 200

M,. -198 200

15 Table 4 shows the frequency characteristics for filters corresponding to the cut-

off frequencies shown in table 3, in that the frequency characteristics are shown
as magnitude and phase as a function of the frequency.

20
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M2+ 70.3 4000 M2_ -70.3 4000 M3+ 126 2300 MB. -126 2300 M4+ 198 200 M.
-198 200 Table 4 shows the frequency characteristics for fi Iters

cor r esponwiong/3oanzt he cut of f frequencies shown in table 3,pétipkbadosine
frequency characteristics are shown as magnitude and phase as a function of
the frequency. Tabel 4: For the mcropbone array thus configured, there is
achieved a directivity characteristic in the horizontal plane, i.e. the X -
Y plane shown in fig. 2, which is as shown in fig. 3 for frequencies from
fO down tl@bg84:Here it is seen that the main Iobe in this plane covers an
angle from-15 degrees to +15 degrees. Fig. 4 shows a corresponding

di recti vit yre@RagyalCT EHL SAdHG, T €GOT Ugpiaidi, e~ horzgatet—>p a:“.eHAfa%ﬁihe
frequency| yi @) and msben] timaseVaVelagN g Nerdse T Mgl T PPnks SRR 1T Pl _
consi der ation (the @Ber gbidardegingt WBIOf |{dageat|r ayB)i S|(@aleys)eq i) t%egregg times
t he V\/ave|e,q.g§§§_a1‘ £49/680) 53.F om 125108 |t 5&i6l || R8-68eknsthal -ex®mn |atsAnl b !ow
f sequency—a—H-gh—dé of 34i 1 ecBiBYi tly 474 AcH7@Ged T |t hed@rrlayss4in fig. 5
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covers ar aBgie T OBl 6F HEYT esioht T65eqr o s b pH 5 107
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3150 -16.90 | 473 -19.55 648 | 2588 | -101.0 | -3662 | -1154

4000 -15.08 | -746 -20.57 946 | -30.01 | -122.5 | -4029 | -1674
10 5000 -13.56 | -129.8 | -23.08 -126.3 | -34.25 | -137.7 | -44.73 133.6

6300 -1929 | 162.3 26.86 | -154.8 | -38.42 | -1489 | -49.99 81.5

8000 2749 | 1265 -31.30 -178.8 | 42.48 | -1576 | -5550 423

10000 -35.09 | 1033 -36.06 160.1 | 4645 | -164.9 | -61.06 13.3

For the microphone array thus configured, there is achieved a directivity

15 characteristic in the horizontal plane, i.e. the X - Y plane shown in fig. 2, which is
as shown in fig. 3 for frequencies from f, down to /3. Here it is seen that the
main lobe in this plane covers an angle from -15 degrees to +15 degrees.

Fig. 4 shows a corresponding directivity characteristic recorded in the horizontal

20 plane for the frequency /10, and when the wavelength of the array is taken into
consideration (the overall length of the array is only equal to 0.58 times the
wavelength at f,/10), from this it will be seen that even at this low frequency a
high degree of directivity is achieved for the array,

25 In fig. 5 is shown the directivity characteristic for the microphone array recorded
in the vertical plane, i.e. the X-Z plane shown in fig. 2, for all frequencies, from
which it will be seen that in this plane the main lobe covers an angle from -65
degrees to +65 degrees. All of the shown characteristics are described by the
angles for -3dB sensitivity relative to the sensitivity in the direction of the X-axis.
30
For the illustration of a visual indication function, in fig. 6 there is shown a

section of a housing 10 for a microphone array according to the invention. The
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angles for -3dB sensitivity relative to the sensitivity in the direction of
the X-axis. For the illustration of a visual indication function, in fig. 6
there i s wh@oioszsection of a housing 10 for a nlcrophonelgﬁm@ymﬁmggrdlng
to the invention. Thesection is taken in the vertical plane, e.g. in the
centre plane, i.e. the X - Z plane. {g the front of the housing 10 there is
provided a light source 11 which is preferably punctiform and can consi st,
for exanple, of a light emtting diode. The front of the housing 10 is
provided with an opening 12 through which the light fromthe |ight source

can essegtvn ithakedgeshobetibal aAL] 6. Wtw@emﬁé\blm ed. the xuﬁpanmanner
that t t source can_be seen fromwithin a certain an ul area, this

angul areérlr"‘Le rYr ?ﬁé'b%rﬂﬂqﬁf‘g d& H&erﬁnﬁupﬂv'%’%é fight SR&rGR; T W 1%r the

m cr Opbfé'féraﬂ)? ﬁMncﬂlfBrﬁ'egwd &an cbﬁ&s@?&%%m@l"ee%f é‘hg'h% eﬁh@W@ diddd. hﬂwé’e” i cal
pl-ane, and there is il lustrated a first eye lies wthi

i ndi cafrpﬁhoéﬂéfa hoaﬁ@ga@e%mléﬁ with ﬂﬁl@ﬂﬁﬂm@smotj‘c@ﬂgb witigh |ﬂh@|“@bt| on

gar ea. t ich
Seound |10 e Hght OPec ShAEEEapE MEF BuRel OFtne ofiinBRf> SRMChuRT ™

i nsi gnsmh:aanltnamapamadthm lighttdoerck saanpe sbet vieen witidnra cedplmaleglaar ay and
the us .that it _can r,.can_s i ght
sour ceSiee AR eh e an e R AAg R 0k DMy @an i F TBeTdgPEdREd by « he
arr ay. tHd miophuhe@uasrayhat the opening 12 can be configured al ong the whole
of its length in such a manner that the whol e of the spatial angular area
for the main lobe is indicated in the sane wvay.CL Al MS 1. Mcrophone
array which conprises a multiple of m crophones which are arranged in an

el ongajedie! &MY Piguuaid 1@l ,shbwnwm Ghe W&fl@ﬁlh@@]earér@d’ thBe iidi vi dual
m crophones are disposed in pairs, in that the individual
ilustrated a first eye 15 which lies within the indication area, and a second eye
16 which lies outside the indication area. Normally, the distance between a
user's eye and mouth, from which sound is required to be detected by the
microphone array, will be insignificant compared with the distance between the
microphone array and the user, so that it can be assumed that when the user
can see the light source 11 through the opening 12, the user’s speech will be
detected by the array. It is obvious that the opening 12 can be configured along
the whole of its length in such a manner that the whole of the spatial angular

area for the main lobe is indicated in the same way.
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m crophones in each pair are placed on each their side of a centreline for
the m crophone array, where the signals fromthe m crophones are summat ed
in the fowoabizoszof the output signal fromthe m crophone mfsedst a r a
cteri zedinthat the mcrophones on each side of the centreline are
positioned with distances between ong another which are not the same, i.e.
not equi di stant, and where between each m crophone (M4 - M+) and a
summation link (S) there is coupled a | owpass filter (Fl1+, F2+ , F3+, F4+
F, F2, F3, F4_ ), in that the m crophones associated with one and the
same pair are connected to | ow paSsLAIMESs with the sane cut-off
frequency, and where the cut-off frequency for the |lowpass filters is
different for each pair of mcrophones, in that the cut-off frequency is

| owest for that pair of mcrophones (Mi. , Mi+) which lie furthest avva?/
fromth ntreline, and is _ higher.the closer the pair of mcrophones lies
to the ieﬁﬁ%‘?? e AraYMaeh ¢ @%S@Foﬁh%‘zﬂp&? rog{y”ﬁgrogppaﬁﬁe‘ﬁﬁ'f:ﬁ ch a
sanner thahgeldndirs emesed eloment bhﬁonéiﬁgqnb?,nﬁﬁwﬁm fi€opHbNO drray
frequencies for the | owass filters are nutually adjusted in relati'on to
one anot r'.r‘dé’.'dLI‘\ﬁ'cPBﬁrl%’%@nﬁ?rﬁSﬁ aEBPthgint Padisai i dhat dhe dndividual v | z e
d 10t NiciofPoRbS IARMRACHAT BRY pldcddf BN I dIRA ielsiBbia BLRiBRIORSSHEM -
Mi_ML+ - MA+) , that the mcrophone array has a constant directivity up to
an uppeMigiophgBREITEY, avtere Hag sidnaldiremaimeamicropluoneasharecaummattecn tife t he

" PIRG4S YgRARSRGb s o, LR BAR bR 0 2
10 in that the microphones on each side of the centreline are positioned with
distances between one another which are not the same, i.e. not equidistant, and
where between each microphone (M, - M,.) and a summation link (S) there is
coupled a low-pass filter (F,,, F,., Fi, F,, F,, F,, F,, F,), in that the
microphones associated with one and the same pair are connected to low-pass
15 filters with the same cut-off frequency, and where the cut-off frequency for the
low-pass filters is different for each pair of microphones, in that the cut-off
frequency is lowest for that pair of microphones (M,_, M,,) which lie furthest away
from the centreline, and is higher the closer the pair of microphones lies to the
centreline, and where the microphone array is arranged in such a manner that
20 the distances between the microphones and the cut-off frequencies for the low-

pass filters are mutually adjusted in relation to one another.

2. Microphone array according to claim 1, characterized in thatthe
microphone array is provided with eight microphones (M,_- M, M,, - M,,), that the

25 microphone array has a constant directivity up to an upper frequency f, and that
the distance Y from the centreline of the microphone array to one microphone in
a pair of microphones is:

Y,.=0.33 L, Y, =0.33 L,
30 Y,. = 1.03 L, Y, =1.03 L,
Y,.=1.85L,, Y, =185 L,
Y,.=2.89 L, Y, =2.89L,
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Y4+ = 2.89 LO, Y4. = 2.89 LO,in that the cut-off frequency f for the

| ow- pass filters associated with each pair of mcrophones is: f + = 0.8 fc,
fc2. = 0.Wofoezodoe3+ = 0.45 f , = 0.45f , fcd4+ = 0.04 fc, dGdbkedsR4 fc,
where LO is the wavel ength for the upper frequency f0O, up to which there is
constant directivity. 3. M crophone aoray according to claim2, c har ac
t eri zedinthat the upper frequency fO is 5000 Hz, corresponding to a
wavel ength LO of 68.4 nm and that the distance Y fromthe centreline of
the m crophone array to a m crophone in a pair of mcrophones is: Yl+ =

22. 3 mminYhat thee-affired@ency 7 r3hetowass fitBrSassuciafdd witH @achpai¥dhf= - 126
mm Y4+ :m%:%? me\{séli = - 98 mmin that the cut-off frequency fc for the

| ow pass 11 P 2Ssoci ated with each pair of mcrophones is: fcl+ = 5500
Hz, fc 1. = 5500 Hz, fc2+ = 4000 Hz, fc2_= 4000 Hz, fc3+ = 2300 Hz, fc3. =
2300 Hz, fc4+ = 200 Hz, fcd4 = 200 Hz. 4. Mcrophone array according to
claim2 , c har fa+51-1écr i z e din that f@h’é“b(&pass filters are
Fyd-order | ow paSSfczlj = b §, phase-corrected \f/ciztgo@é,-order al | pass

fo.=045f, f,=045f,
f,. =0.04f1, f.=004f,

where L, is the wavelength for the upper frequency f,, up to which there is
10 constant directivity.

3. Microphone array accordingto claim2,characterized inthatthe upper
frequency f; is 5000 Hz, corresponding to a wavelength L, of 68.4 mm, and that
the distance Y from the centreline of the microphone array to a microphone in a

15 pair of microphones is:
Y, =22.3 mm, Y, =-22.3 mm,
Y,, =70.3 mm Y, =-70.3 mm,
Y, = 126 mm Y, =-126 mm
20 Y,. =198 mm Y, =-198 mm

in that the cut-off frequency f, for the low-pass filters associated with each pair of
microphones is:

25 f.. = 5500 Hz, f... = 5500 Hz,
f.. = 4000 Hz, f.,. = 4000 Hz,
f.s. = 2300 Hz, f.s. = 2300 Hz,
f.4e = 200 Hz, f... = 200 Hz.
30 4. Microphone array accordingtoclaim2,characterized inthat the low-

pass filters are 3rd-order low-pass filters phase-corrected with 2nd-order allpass

filters by means of analogue electronics.
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filters by means of anal ogue el ectronics.5. Mcrophone array according to
claimc har acter i zedinthat the mcrophones in the m crophone

array arewa doodo2t he sane type. 6. Mcrophone array accor dpdgpky gk m ¢ h
aracteri zedinthat the mcrophone array is built into an

el ongat ed housing (10) so that the m'lgrophones face out towards the one
side of this housing (10), and where™i'n this side of the housing there is
built an indicator which can indicate to the user when said user is in the
area of the main |obe for the mcrophone array. 7. M crophone array _
accor di Pg Misrephaing array. aecarding te dlaien i, © fraer d ¢ h & hatz ehk innitiat theor i s a

light s RNY Ay o i it r s.Qr, an opening (12) in the
hogsi ng%?%o ,hgéégtlm&m%ragg%%%{%&%ﬁ |“noefﬁﬁ§s?&ee§'£em the opening (12) in
t he housing forns angles in relation to the m crophone array which

correspeng it i Ry la%RSrJir?gr & Wi £ SN A Y iz e d in that the

5 microphone array is built into an elongated housing (10) so that the microphones
face out towards the one side of this housing (10), and where in this side of the
housing there is built an indicator which can indicate to the user when said user
is in the area of the main lobe for the microphone array.

10 7. Microphone array according to claim 6, characterized in that the
indicator is a light source (11) which is built into a recess or an opening (12) in
the housing (10), so that the delimitation in the recess or the opening (12) in the
housing forms angles in relation to the microphone array which correspond to
the main lobe for the microphone array.

15
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