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TI TLE OF THE 'I' NVENTI ON SYSTEM AND METHOD OF MEASURI NG NO SE

s
MOBI LE BODY USI NG A PLURALI TY OF M CROPHONES ’éa} S Lopyp
BACKGROUND OF THE I NVENTION 5 - The present invention relates to a
noi se measuri ng system for measuring noise of a nobile noise
gener at or, like a vehicle or a nohilg bady, by using a plurality
of m crophones, and, nore particularly, to a noise nmeasuring system
and nmet hod which can isolate a 10 plurality of nobile noise _
gener at or s. : In the follow ng description of a noise neasuring

systemto which this invention |5T$Tﬁ§nd¥1Tg§HfﬁyéN defined as
follows. "Direction of directivity" Is the |rect|on I n which one

wants to col | ect sywms aND' MmoanoF MEASURING QR GF "MOBI0F BibE' ophone
array axis" is the layout line of a plurality of mcrophone units
ar ranged USING'@ PLURALTTY MICNOEHONES Wwavel ength” is the
BACKGROUND OF THE INVENTION
5 The present invention relates to a noise measuring
system for measuring noise of a mobile noise generator,
like a vehicle or a mobile body, by using a plurality
of microphones, and, more particularly, to a noise
measuring system and method which can isolate a
10 plurality of mobile noise generators.

In the following description of a noise measuring

system to which this invention is directed,'térms are

defined as follows. "Direction of directivity" is the
direction in which one wants to collect sounds. "Axis
15 of microphone array" or "microphone array axis" is the

layout line of a plurality of microphone units arranged
on the same line. "Apparent wavelength" is the
wavelength of a spatial waveform when the spatial
waveform can be detected aiong the microphone ar&ay

20 from the spatial phase difference of thé positions of
the individual microphone units on the same line.
"Layout angle" is either the angle that is defined
by the surface of a road énd-the microphone'array
axis or the angie that is defined by the line of

25 movement of a mobile noise generator and the

microphone array axis.

A conventional noise measuring system will now be
This Sheet Has Been R

i 0 e

REPLACED




wavel ength of a spatial waveform when the spati al wavef orm can be
detected al ong the m crophone array 20 fromthe spatial phase

di fference of the positions of t he individual m crophone units on
the sane |ine. "Layout angle" is either the angle that is defined
by the surface of a road and the m crophone array axis or the angle

't hat

Is defined by the line of 25 novenent of a nobile noise generator
and the

m crophone array axis. _ A conventional noise

measuring systemw || now be - 2-

described with r@k@b&ﬁﬁ@dtQiEhG§ef%ﬁéH&¥9ﬂ>%IGEJKItﬂﬁ%ough-4-using the
above-defined terns. Directional arrayed m crophones conprising a

plurality of n chpeRendefintd hairthsAn DiGectionalS AFR-dydit iasrdiffshatsed to
neasure and isolate the 5 noi ses of individual nobi'le bodi es which nove

on a

- pl ur gompyriefinyi AeplaraldsHE microphone units laid on the
same line has been used to measure and isolate the

5 noises of individual mobile bodies which move on a
plurality of lines of movement.

To improve the directivity of directional arrayed
microphones, the number of microphone units is
increased by arranging two microphone arrays in a V.

10 shape or arranging microphone units in an afc'as
proposed in Jpn. Pat. Appln. KOKAI Publication '

No. 4-324324.. FIG. 1 shows the structure of fhe
conventional directional arréyed microphones disclosed
in Jpn. Pat. Appln. KOKAI Publication No. 4-324324.

15 Referring to FIG. l,ﬂspuﬁds of a mobile noise generator
54 are collected by a microphone array 52 comprising
a plurality of.microphone units 51. The outputs of
the individual microphone units 51 of the microphone

array 52 are sent to a signal processor 53.

20 ’ The principle of the directional arrayed
microphones will be discussed below. The directional
arrayéd microphones comprise a microphone array
comprised of a plurality of microphone units arranged
on the same line and a computer for processing data.

25 With £ repfesenting the frequency of sounds which

. are measured by the individual microphone units

arranged in a line, if the frequency f is known, the



To inprove the directivity of directional arrayed : m cr ophones, the
nunber of m crophone units is I ncreased by arranging two m crophone
arrays in aV 10 shape or arranging m crophone units in an arc as
proposed in Jpn. Pat. Appln. KOKAI Publication No. 4-324324. FIG 1
shows the structure of the conventi o3al -di recti onal arrayed

m cr ophones di scl osed In Jpn. Pat. Appln. KOKAI Publication No.
4-324324. 15 Referring to FIG 1, sounds of a nobile noi se genérator

54 are collected by a m crophone array 52 conpri sing a plurality of .

ni cr ophone uni tswé@elé-ﬁ@tﬁukg]‘ftcﬁf A sound wdWe daiding duald B ahaNeni ts
51 of the m crophone ray 52 are sent to a signal processor 53. 20
The principle of fi8guéhégct] onal arrayed m crophones wi ||l be

di scussed bel ow. The directional arrayed m crophones conprise a

m cr ophone array withothei spdedfofl gbundl béyngfcp anophaeationi (1)
arranged on the sane line and a conputer for processing data. 25
Wth f representieprébsents echuencyl af icosiniis béiwden the wavelargshr &d by

t he individual m crophone units arranged in aline, if the frequency
f is known5 the of a sound wave and the frequency £f.

A1 =c/f (L)

Further, the spatial waveform can be detected
along the microphone array from the spatial phase
difference of the positions'df the individual

10 microphone units on the same line. The wavelength of
that waveform is defined as an apparent waveléngth'lz.
The angle of the approaching sound wave is écquired
from the ratio of the wavelength 13 of the sound wave
to the agparent wavelength A5 obtained on the

15 microphone array.

An equation (2) shows how to acquire the angle of
the approaching sound wave from the ratio of the
wavelength 13 of the sound wave to the apparent
wavelength A5 obtained on the microphone array.

20 A1/19 = cos? . (2)
' FIG. 2 geometrically illustrates the principle of
-directional arrayed microphones. 1In FIG. 2, a numeral
"58" indicates the direction of propagation of a sound
wave, a numeral "59" indicates the wavelength 13 of
25 - the sound wave, a numeral "60" indicates the apparent

wavelength 13 and a numeral "61" indicates the axis of

the microphone array.



E3- i wavel ength [err] of a sound wave can be find out fromthe

frequency f. Wth the speed of sound being c, an equation (1)
represents the relationship between the wavelength [err] 5 of a sound
wave and the frequency f. [err] = c/f _ (1)
Further, the spatial waveformcan be detettéd - . along the m crophone
array fromthe spatial phase di fference of the positions of the

i ndi vidual- 10 m crophone units on the sane line. The wavel ength of
that waveformis defined as an apparent wavel ength [err]. _ The angl e
of the approachi ng soGRdleetdngs seuadisr ¢ a specifficomathe pdtio of the
wavel ength [err] of the sound wave to the apparent wavel ength [err]

obt ai ned on the ths waveleagtphdne @f raysound wave to the apparent

wavelength A9 according to this principle can
allow sounds from a restricted direction to be
5 output loud.

The direction of directivity (characteristic)
of directional arrayed microphones is distributed
symmetrical to the axis that is the microphoné
array, and forms a plane. This plane is defined as

10 a directional plane.

Arrayed microphones whose directivity is.fo:méd
by a delay time calculator will have the strongest
directivity if the directivity is designed in'such'

a way that the directional plane becomes a flat plane
15 in a direction perpendicular to the microphone array.

FIG. 3 shows the directional plane of directional
arrayed microphones available on the market, and
a numeral "62" is the directional plane. FIG. 4
exemplarily shows measurement of noise of a mobile

20 body by means of directional arrayed microphones
available on the market. 1In FIG. 4, a numeral "64"
denotes a line of movement.

The prior art has the following shortcoﬁings,
The directional plane of available directional arrayed

25 microphones is a flat-like plane with the microphone
array as a normal line. If a beam is put hanging above

a road and the arrayed microphones are placed in such



An eduation (2) shows how to acquire the angle of t he approachi ng

sound wave fromthe ratio of the wavel ength [err] of the sound wave
to the apparent wavel ength [err] obtained on the m crophone array.
20 [err]/[err] = cos[err] (2) FIG 2
geonetrically illustrates the principle of 5 - directional arrayed

m crophones. In FIG 2, a nuneral "58" indicates thé direction of
propagation of a sound wave, a nuneral "59" indicates the

wavel ength [err] of 25 t he sound wave, a nuneral "60" indicates the
appar ent avadahergthakethk ane¢rapheier alrra9liis pdraaties tle axis of
the m crophone array. -4-

Col | ecting soundghat raadpecshirfatat addofthe projectiensdveliaegof g ] of a
sound wave to the apparent wavel engt h ferr] according to this
principle can microphbhewasgagdenf§ the xoaestisi peepetidiealliagn tioo be
vehicle lanes, therefore, a plurality of mobile noise
5 generators which move-on a target lane for measurement
cannot be isolated.
If the arrayed microphones are placed in such
a manner that the microphone array is parallel to
the road’s surface and the projectional line of the
10 microphone array on the road is parallel to vehicle
lanes, a plurality of mobile noise generators'which
move in parallel on lanes adjacent to a target lane for
measurement cannot be isolated.
Further, the scheme of imprpving the precision of
15 isolating mobile noise generators as disclosed in Jpn.
Pat. Appln. KOKAI Publication No. 4-324324 increases
the number of microphone units that constitute the
ﬁicrophone array.
Increasing the number of microphone units however
20 complicates the overall system and thus undesirably
results in an increased computation time and an
increased cost. |
Accordingly, it is an object of the present
invention to provide a noise measuring systemiand
25 method capable of improving the precision of isolating
mobile noise generators without increasing the number

of microphone units.



5 '_output |oud. The direction of directivity

(characteristic) of directional arrayed m crophones 1S distributed:
SYNMMEt rTihis 8heet Mas Bbep Replaced t hat i s the m crophone . array,.and: forns a -
pl ane. efined as 10 a directional plane.. -~ % - -
Arrayed ose directivity is forbred " by a delay tinme
cal cul at or "'w ave the strongest directivity if the directivity

i s designed in such a way that the directional plane beconmes a flat
pl ane 15 in a direction perpendicular to the m crophone array.

FIG 3 shows the directional PRERE SUMMARECOFOTHE INVENTIOHNrrayed

m cr ophones avail able on the market, and a nuneral "62" is the
directional plane. FIBis4object iseashilemed pyskBoneiseaseasmaindof noi se
of a nobile 20 body by neans of directional arrayed m crophones
avai | abl e on t hesyatRat compripiag:4, a nuneral "64" denotes a line
of novenent. The prior art has the foll ow ng shortcom ngs.

The directional pl ane2Rigyaphemies afnayc Plasad ony & pFedeternmingd.; ophones

is aflat-lLike plane with the m crophone
5 pmicrophone array ax%s and comprised of a plurality of

microphone units for collecting sounds from mobile
noise generators; and

a directivity forming section for controlling
a direction of directivity of the microphone array,

10 ‘the directivity forming section including delay means,
connected to the plurality of microphone units, fo;.
delaying outputs of the plufality of microphone units
and adding means for adding the outputs of the
microphone units delayed by the delay means,

15 an optimal value of a delay time of the delay
means of the directivity forming section being set
in such a manner that a noise isolation characteristic
for causing any mobile noise generator not targeted
for noise measurement to come off a directional plane

20 or a directional line formed in the direction bf
directivity of the microphone array and a deterioration
characteristic of a directivity of the microphone afray
balance with each other. |

The above object is also achieved by a method of

25 controlling a direction of direcfivity of a-microphone

. array in a noise measuring system compriéing the

microphone array placed on a predetermined microphone

THIS SHEET HAS BEEN
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‘array as a normal line. If a beamis put hangi ng above a road and

the arrayed microphones are placed in such

-

-b5- : a manner that the mcrophone array is paraflel to . the
road's surface and the projectional line of the n1crophone array on
the road is perpendicular to vehil & | anes, therefore, da plurality
of nobile noise 5 generators which nove on a target |ane for

measur enent cannot be isol ated. : If the arrayed -

m crophones are placed in such a manner that the mcrophone array is
parallel to arrhjeaxp@dasdsubhpeeseadothe preratitpnet misgophohbe 10
m crophone array on the road is parallel to vehicle | anes, a
plurality of nobihgtsofse gebteatong wbunds from mobbVe noigaral | el on

| anes adj acent to a target |ane for measur enent cannot be i sol at ed.

10

15

20

25

————e

U

generators, and a directivity forming section for
controlling a direction of directivity of the
microphone array, the directivity forming section
including delay means, connected to the plurality
of microphone units, for delaying outputs of the
plurality of microphone units and adding means for
adding the outputs of the microphone units delayed
by the delay means,

an optimal value of a delay time of the delay -
means being set in such a manner that a noise isolation
characteristic for causing any mobile noise ganerator
not targeted for noise measurement to come off a
directional plane or a directional line formed in the
direction of directivity of the microphone array and
a deterioration characteristic of a directivity of the
microphone array balance with each other.

Additional objects and advantages of the invention
will be set forth in the description which follows, and
in part will be obvious from the description, or may be
learned by practice of the invention. The object and
advantages of the invention mayabe realized and
obtained by means of the instrumentalities and
combinations particularly pointed out hereinbéfore.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF DRAWING

The accompanying drawings, which are incorporated

heet Has Been Re] laced
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=‘Furt’her, the schene of inproving the precision of 15 I sol ating nobile

noi se generators as disclosed in Jpn. Pat. Appln. KOKAlI Publication
No. 4-324324 increases t he nunber of m crophone units that
constitute the m crophone arr ay. I ncreasi ng the nunber
of m crophone units however 20 conpki c8t es the overal | system and thus
undesirably results in an increased conputation tinme and an

i ncreased cost. Accordingly, it is an object of the present

i nvention to provide a noise neasuring systemand 25 nmet hod capabl e of

i nproving the prigciaidrofstitaitd iagpart of theobs pec hbiczt jemer at or s

W t hout i ncreasing the nunber of m crophone units.

- 6- illustrate BRIfpfesSuMMIRYD L kfed Nuiddd hent of the Thi s
object is achieved by a noi se neasuring :
invention and together with the general descrlptlon
given above. and the detailed description of the
5 preferred embodiment given below, serve to explain the
principles of the inventionT

FIG. 1 is a diagram showing the structure of
conventional directional arrayed microphones;

FIG. 2 is a diagram geometrically illustrating the

10 principle of directional arrayed microphones;

FIG. 3 is a diagram showing the directional plane
of directional arrayed microphones availablé on the
market;

FIG. 4 is a diagramlexemplarily showing :

15 measurement of noise of a mobile body by means of
directional arrayed microphones available on the
market;

FIG. 5 is a diagram depicting the structure of
an apparatus embodying the invention;

20 FIG. 6 is a diagram (1) illustrating a mobile-body
noise measuring method accofding to a first embodiment;

FIG. 7 is a diagram (2) illustrating a mobile-body
noise measuring-method according to the first-
embodiment; .

25 FIG. 8 is a diagram (1) showing the operation of
the mobile-body noise measuring method according to the

first embodiment;



'syst em conpri si ng: a m crophone array placed on a
predeterm ned 5 m crophone array axis and conprised of a plurality of
m crophone units for collecting sounds from nobile noi se gener at ors;
and a directivity formng section for controlling a
direction of ‘directivity of the m crophone array, 10 the directivity
form ng section including delay neans, connected to the plurality
of m crophone units, for del ayi ng outputs of the plurality’ of

m crophone units and addi ng neans for adding the outputs of the

m crophone units del a§EGl B ishe dblagramad) shH®ving the opgrapieRaPfval ue
of a delay tinme of the delay means of the directivity formng
section being sethe mobilesbadi maismrmeasuning aaidiod jeepeding to the
characteristic and a deterioration characteristic of a directivity of
t he ni crophone afixst (enkadignefith each other said noise 20 I sol ation
characteristic causing any nobile noise . generator not_targeted for
noi se measurement to EBpe 10 is a ¢iagramderifbing %n%e%PlEsdg ectiona

line formed in the direction of directi,vi of the.m cr.ophqne
array. 5 an expREifgRLe OPpthe; red akiogshiR; E’é&feﬁ? }’T‘?etd;?lf%c on

of directivity and the strength of the directivity
according to the first embodiment;
FIG. 11 is a diagram illustrating how to acquire
a point of balance between a characteristic (a) for
10 improving a noise isolation performance according
to the first embodiment, and a deterioratioﬁ '
characteristic (b) of the directivity of arrayed
microphones;
FIGS. 12A and 12B are a plan view and a cross-
15 sectional view illustrating a mobile-body noise
measuring method according to a second embodiment; and
FIG. 13 is a diagram depicting the results of
a numerical experiment on the relationship'among the
direction of directivity, the layout angle and the
20 performance according to the second embodiment.
DETAILED DESCRIPTION OF THE INVENTION
- First Embodiment
A first embodiment of the present invention will
now be described with reference to FIGS. 1 through 7.
25 This embodiment comprises a single microphone array 4
comprised of a plurality of microphone units placed

on the same line, amplifiers 5 for amplifying the



‘25 controlling a direction of directivity of a m crophone array
I n a noi se nmeasuring system conprising the m cr ophone array pl aced
on a predeterm ned m crophone -7- array
axis and conprised of a plurality of iicrophone units for collecting
sounds from nobile noise generators, and airectivity forning section for
controlling a direction of directivity of the mcrophone array, the
directivity form ng section including delay neans, connected to the
plurality of mcrophone units, for delaying outputs of the plurality of

m cr ophone unitso Bl db o e alved L0 du el G R g i it &£ tdiee mi cr ophone
units del ayed by e del ay neans, setting an optimal value of a del ay

time of the delmycmphme nasrEn 4, nanieredtiatity rforseng alrmit @ for
characteristic and a deterioration characteristic of a
forming the direction of directivity in a direction
- other than a direction perpendicular to the.microphone
5 array 4, and a recording unit 9 for recording the
measuring results.
The directivity forming unit 8 can form the
direction of directivity in a direction ofher than
a direction perpendicular to the microphone arraf 4,
10 The directivity forming unit 8 includes delay time
calculators 6 equal in number to the microphone units
that constitute the microphone array 4, and. an adder
unit 7 for adding the computation results froﬁ the
delay time calculators 6.
15 For the sake of simplicity, the structure of
this embodiment will now be described specifically
with reference to a case where the embodiment has
a single microphone array. Of course, the invention
may use a plurality of microphone arrays. Referring to
20 FIG. 1, the microphone array 4 comprises N microphone
units. Specifically, the microphone array 4 includes
a first microphone unit 1, a second microphone unit 2,
and so forth, and an N-th microphone unit 3. The
outputé of those microphone units are amplifiéd by the
25 amplifiers 5 respectively connected to the microphone
units, and the amplified outputs are sent to the

~directivity forming unit 8. The directivity forming



directivity of the mcrophone array bal ance with each other, said noise

I sol ation characteristic causing any nobile noise generator not targeted
for noise neasurenent to cone off a directional plane or a directional
line formed in the direction of directivity of the mcrophone array.
Addi ti onal objects and advantages of the-inkkntton will be set forth in
the description which follows, and in part will be obvious fromthe
description, or nay be |earned by practice of the invention. The object
and advantages of the invention may be realized and obtained by neans of
t he i nstrunent alunitess8 ainktludedi tiad | dakaypatine i atdylpoons edl egual in

her ei nbef or e. BRI EF DESCRI PTI ON OF THE SEVERAL VI EN8 OF DRAW NG
The acconpanyi ngnuinlew rys, these micxophene penited and the single adder
- 8- in and constitute a part of the specification

unit 7, and controls the directivity of the'microphone
array 4 with the set del&y-times of the delay time
5 calculators 6.

The outputs of the microphone units amplified by
the réspective amplifiers 5 are delayed by the delay
time éalculators 6 in the directivity forming unit 8.
The outputs of the microphone units delayed by the

iO respective delay time calculators 6 are added together
by the adder unit 7, and the result is sent to the
recording unit 9.
According to one control mode of this émbodiment,
the directivity of the directivity forming unit 8
15 is controlled in such a way that the directioﬁ of
directivity coincides with the axis of the microphone
array, thereby controlling the laid position and angle
of the microphone array and the directivity so that
the directional line intersects the line of movement
20 of a mobile noise generator;

According to another control mode, the directional
plane is so designed as to be a conical plane with
the microphone array being its axis, and the laid
position and angle of the microphone array énd the.

25 directivity are controlled in such a way that the
line'intersecting the conical plane and the,rbad

surface targeted for measurement becomes a parabola



"illustrate a presently preferred enbodi ment of the I nventi on and
together with the general description gi ven above and the detail ed
description of the 5 preferred enbodi nent given bel ow, serve to

expl ain the principles of the invention. FIG 1lis a
di agram show ng the structure of -conZent- onal directional arrayed

m cr ophones; FIG 2 is a diagramgeonetrically illustrating
the 10 principle of directional arrayed m crophones; FI G
3 is a diagram showi ng the directional plane of directional arrayed

m cr ophones avab&ahheequibgg or a hypeirteila. ' FIG 4 is a
di agram exenpl arily showing 15 nmeasur enent of noi se of .a nobil e body by

means of di r emi iFOGE. @& iy e, i adplienehiasidatdmuor tIe 1like
mar ket ; FIG 5 is a diagramdepicting the structure of
an appar at us emaodehiglehdsi moeringalondyd a line of moSen@nts on & agryasn (1)
illustrating a nobile-body noi se measuring nethod according to a
first enbodi nentsurface 400. HaRg@ang/ al®vae dihegraad Burnfldastd® iy a
nobi | e- body
5 a beam 15 on which a microphone array 4 is placed on
an array axis 10. A numeral "11" indicates the line of
directivity and a numeral "13" a directional conical
plane;
According to the conventional method, a plurality
10 of noise generators are present within a directional
plane and the arrayed microphones is not directional to
those noise generators, disabling accurate measurement
of a noise generator'targeted for measurement.
(hereinafter called "target noise generator").
15 - The present system, by way of contrast, can catch
just a target noise generator in a directional plane or
a directional line, and can thus improve the measuring
precision without increasing the number of microphone
units.
20 Designing the direction of directivity oblique
to the axis of the microphone array or along the array
axis as in this invention can allow only a target
noise generator to be caught in a directioﬁal plane or
a directional line and can thus improve the'measuriﬁg
25 precision.

In general, the directivity of arrayed microphones .

- becomes strongest when the direction of directivity



noi se measuring method according to the first : enbodi nent; 25

FIG 8 is a diagram (1) show ng the operation of t he nobi | e- body
noi se neasuring nethod according to the first enmbodi nent;

-9- FIG 9 is a diagram (2) showi ng the operation of

t he nobi | e- body noi se. nmeasuring nethod accagdiag to the first
enbodi nment ; ' FIG 10 is a diagramdepicting the results of 5
an experiment on the rel ationship between the direction of
directivity and the strength of the directivity according to the

first enbodi nentis directed pekp&ndiéullaratei ageamitkbghbhat bpgalow to
acquire a point of baFance bet ween a characteristic (a) for .10
i nproving a noi skecemeat weakper A6r ghacangteoddifiied by the direction
of directivity and the microphone array gets acutef,
and becomes weakest when the direction of directivity
5 ié directed to the axial direction of the micfophone
array.

FIG. 10 is a diagram showing the results of an
experiment on the relationship between the direction of
directivity (angle) and the strength of the directivity

10 according to the first embodiment. The origin on the
horizontal axis means each direction of directivity.
FIG. 10 shows the directivities when the aﬂgle between
the direction of directivity and the microphone array
axis is 0 degree, 45 degrees and 90 degrees. .

15 FIG. 11 is a diagram illustrating how to:acquire
a point of balance between a Characteristic.(é) for
improving a noise isolation performance according to
the first embodiment by making the angle @ between the
direction of directivity and the microphone array axis

20 in the first embodiment acuter, and a deterioration
characteristic (b) of the directivity of arrayed
microphones by making the angle (0 between the direction
of directivity and the microphone array axis acuter.

It is apparent from FIGS. 10 and 11 that setting

25 the direction of directivity oblique to the axis of the

microphone~array or along the array axis can allow only

a target noise generator to be caught in a directional



to the first enbodinent, and a deterioration characteristic (b) of
the directivity of arrayed m crophones; FIGS. 12A and
12B are a plan view and a cross- 15 sectional view illustrating a
nobi | e- body noi se measuri ng nmet hod according to a second

enbodi nent; and FIG 13 is a digagramdepicting the results of
a nunerical experinent on the relationship anong the ~direction of
directivity, the layout angle and the 20 performance according to the

second enbodi nent. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

First Enbodi nent i ' e i ofnkheiRKEsANt mf ion
wi | nomP%%n%egEr?b%ﬁréfgﬁsﬁé%eggﬁgéanh%I%%%G?l?ﬁrgﬁg%mggﬁegg
Thi s enbodi nent ﬁgggﬁk§§% ﬁrééﬂgkgnqicrophone array 4 conprised of

a plurality of m crophon nits placed on the sane [ine, anplifiers
5 for anplifying the pFurther, measurement with the highest actdracy
can be achieved by providing the directivity in such
5 a direction that the characteristic (a) for improving
a noise isolation performance by setting the direction
of directivify oblique to the axis of the microphone
array or along the array axis is balanced with the
deterioration characteristic (b) of the directivity
10 - of arrayed microphones by making the angle 0 between
the direction of directivity and the microphone array
axis acuter.
Second Embodiment
Let us consider, as a second embodiment, specific
15 measurement of noises generated particularly by
vehicles as noise generators which move on a road
with a plurality of lanes. The second embodiment is
illustrated in FIGS. 5, 12A and 12B. This embodiment
can use basically the same electric components as
20 shown in FIG. 5, like the microphone array 4, the
amplifiers 5 and the directivity forming unit 8.

FIG. 12A is a diagram as viewed from above the'
road surface 400 and FIG. 12B is a cross-sectional
view of the road surface 400. FIG. 13 is a diagram

25 showing the results of a numerical experiment on the
relationship among the direction of directivity, the

layout angle and the performance according to the



‘out puts of the individual mnicrophone units of the m crophone array
4, a directivity formng unit 8 for formng the direction of
directivity in a direction other than a direction perpendicular to
the m crophone 5 array 4, and a recording unit 9 for recording the
measuring results. The direetiddty-formng unit 8 can formthe
direction of directivity in a direction other than a direction

per pendi cular to the m crophone array 4. 10 The directivity form ng
unit 8 includes delay tine calculators 6 equal in nunber to the

m crophone unitssecond emBdibimeistitute the microphone array 4, and an
adder unit 7 for adding the conputation results fronlthe

delay tine cal cul at orBeferrilitg to FIGS. FDR2At &ird SERB, ofhelmpbrophynethe
structure of this enbodi ment will now be descrlbed specifically
with reference tarmaydsedsiwEracddeorentivelilbean his A noisesamsasgrement

m crophone array. O course, the invention may use a plurality of
m crophone arr aysarg®f ereliimle ol1®0is rumilg ignt the nieadpsontacer 4004

conprises N m crophone
5 numerals "117," "217" and "317" are non-targep vehicles.
A numeral "18" is the inclination angle of the
.microphone array 4, numerals "100," "200" and "300"
respectively indicate the first, second and third lanes,
and a numeral "22" is the line of intersection between

10 a directional conical plane and the road surface 400.
The road surface 400 is the surface of a straight
3-lane road. The distancé-between vehicles oﬂ the road
is 10 m, and the distance to the cenfer 1iﬁe of each
lane is 3.5 m. The lane where the target vehiclg rﬁns

15 is the first lane above which the microphone array.4 is
placed on the beam 15. The height of the beam 15 from
the road surface is 5.5 m. Directly below fhé
microphone array 4 located on the beam 15 is a noise-
measuring target position.

20 Under the aforementioned. layout conditions, the
inclination angle of the microphone array 4 is 0 degree
whén the microphone units constituting the microphone
array 4 are aligned vertically, and the direction of
directivity has an angle of 0 degree when the direction

25 of directivity of the arrayed microphones is the

direction of the array axis.

Making the inclination angle of the microphone



units. Specifically, the nmicrophone array 4 includes a first

m crophone unit 1, a second m crophone unit 2, and so forth, and an
N-th m crophone unit 3. The out puts of those m crophone units are
anplified by the 25 anplifiers 5 respectively connected to the '
m crophone - - units, and the anplifd ed6outputs are sent to the
directivity formng unit 8. The directivity form ng uni t
8 includes the delay tine calculators 6 equal in nunber to those

m crophone units, and the single adder unit 7, and controls the

directivity of the-d¢ o QUQt€Eide with &Hearfgl¥d UF R sBilrdtdl ®h tdfes of
the delay time 5 cal cul ators 6. The outputs of the

m crophone unit diargdiifviady Ran allow tHe pRSPEGN \dE G ly iR low the
del ayed by the del ay time calculators 6 in the directivity form ng
unit 8. microphone array 4 to lie within the directional plane

or the directional line.

5 It is assumed that non-target vehicles (217, 317)
as noise generators are on the second and third lanes
and run parallel to the target vehicle, and that the
two non-target vehicles (1173, 1178, 117C, 117D) as
noise generators are positioned on the same line as the

10 - target vehicle, two in front of the target vehicle and
too at the back.

It is apparent from FIG. 13 that measurement
.should be performed with the arrayed microphones laid
out in such a waj that thé direction of directivity.

15 ranges from the direction of the array axis.tb 15 to
60 degrees and the inclination angle of the microphone
array set equal to the angle of the direction:of
directivity in a range of 800 Hz to 1.2 kHz of the
frequency of sounds to be collected.

20 The three lines in FIG. 13 respectively show the
average values N33 of the sound pressure in the case of
the frequency of 800 Hz,.the frequency of 1.0 kHz and
the frequency of 1.2 kHz. It is to be noted that eight
microphone units constitute the microphone array which

25 has a length of 1 m.,

FIG. 13 shows the results of a numericél'

experiment on the relationship between the average



The outputs of the mcrophone units del ayed by the 10 respective del ay
time calculators 6 are added together by the adder unit 7, and the
result is sent to the recording unit 9. According to
one control node of this enbodi nent, the directivity of the
directivity forming unit 8 15 is contrldlled in such a way that the

di rection of directivity coincides with the axis of the m crophone
array, thereby controlling the laid position and angle of the

m crophone array and the directivity so that the directional Iline
i ntersects the MalmeoMinoferyy amD Np3 aifd aheldireatdicsse ofener at or .
According to another control nobde, the directional pl ane is so
desi gned as to bHrectdvidat ipl didsnitivention on Héderiigyadghetelcay ray bei ng
its axis, and the laid position and angl e of the m crophone array
and the 25 adiglec oifyithe arienophans lanrayy dhares Nygy itshax t he

l'ine intersecting t he conical plane and the road surface targeted

for measurenent ce hatyeam the sound pressure level of the

5 noise of the target vehicle 116 on the first lane,
which is to be measured by the present apparaﬁus, and
the sound pressure level of the.noise of each of the
non-target vehicles 217 and 317 which run parallel on
the second and third lanes, and N33 is a difference

10 between the sound préssure level .of the noise of the
target vehicle 116 on the first lane and the sound
pressure level of the noise of each of the non-target
vehicles (117A-117D) which run parallel on the same
lane (first lane).

15 As this invention has the above-described
structure, the inventioh has the following advantages.
While a plurality of noise generators are preéent
within a directional plane and the arrayed microphones
is not directional to those noise generators according

20 to the conventional method, thus disabling accurate
measurement of a target noise generator, the present
épparatus can catch only a target noise generator in a
directional plane or a directional line and can thus
improve the measuring precision without increasing the

25 number of microphone units.

Further, setting the direction of directivity

oblique to the axis of the microphone array or along



- 12 - or an ellipse or a hyperbol a. In FIGS. 6 to 9,

a nobile noise generator 12 |ike a vehicle is noving along a |ine
of novenment on a road surface 400. Hangi ng above the road surface
400 is 5 a beam 15 on which a mcrophone array 4 is placed on

an array axis 10. A nuneral "11" indicates Ege Line of “directivity
and a nuneral "13" a directional conical pl ane.

According to the conventional nethod, a plurality 10 of noi se
generators are present wthin a directional pl ane and the. arrayed

m crophones is nﬁ% drrectrona t hose ne | se _generators abl i ng
accur at e measur ehBft3rraY axjp SaHoP%é°6e88ﬁXt8 ?5988t88158rgﬁ3553?85ént

(herei nafter caI#S be ! &L 9She "PLSE gEESE@EBBa Plage ofargd rL0¢ 1Bhagent

system by way o contra , can ca et " noi se generator

in a directional jphane Phig can 1m?ﬁgbéeihboﬁéashk@ﬁﬁeQee aRyt,hus i nprove

t he measuring preciston wthout increasing t er ~of m crophone
Furthermore, measurement with the highest accuracy

5 can be achieved by providing the directifity in suah
a direction that the characteristic for improving the
noise isolation performance by setting the direction
of directivity oblique to the axis of the microphone
array or albng the array axis is balanced with the

10 deterioration characteristic of the directivity of
arrayed microphones by making the angle 0 between the
direction of directivity and the microphone array axis
acuter. |

Additional advantages and modifications will

15 readily occur to those skilled in the art. , Therefore,
the invention in iﬁs broader aspects is not 1imited to
the specific details -and representative embodiments
shown and described herein. Aécordingly, various
modifications may be made without departing from the

20 spirit or scope of the general inventive concept as

defined by the appehded claims and their equivalents.



units. 20

Designing the direction of directivity oblique

to the axis of the m crophone array or along the arr

a
t hi S iR Shdei K43 BeadReplhdedw only a t ar get n0|seaéEﬁEFETBY‘T‘*bE‘Caught
e or a directional -line Tun ove
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directed perpendicular to the m crophone array, beconmes weaker
t he angle defined by the direction Eéf directivity and the
ané: ec

m crophone array gets acuter,

ones weakest when the
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direction of directiviyty A5h01se'ﬁegéﬁffﬁﬁds§§téﬂebéﬁﬁﬁisFhéeCt'On of the

m cr ophone

10

15

20

25

array.
a microphone array placed on a predetermlned

microphone array axis and comprised of a plurality 6f
microphone units for collecting sounds from mobile.
noise generators; and

a directivity forming section for contfoiling
a direction of directivity of said microphone array,
said'directivity forming section including delay means,
connected to said plurality of microphone units, for
delaying outputs of said plurality of microphone units.
and adding means for adding said outputs of said
microphone uﬁits.delayed by said delay means,.

an optimal value of a delay time of said delay
means of said directivity forming section béing set
in such a manner that a noise isolation chafaeteriétic
for causing any mobile noise generator not targeted
for noise measurement to come off a directidnél plane
or a directional line formed in said direction of
directivity of said microphone array and a deteriora-
tion characteristic of a directivity of said microphone
array balance with each other.

2. The system according to claim 1, wherein
said directivity forming section further includes means
for controlling said direction of directivity of said
microphone array in such a way that said direction of

directivity of said microphone array is oblique to said

THIS SHEET HAS BEEN
REPLACED




'FIG 10 is a diagram showi ng the results of an experinment on the

rel ati enshi p -between the direction of direchVfty-fangL‘l‘gggrlﬁe
strengt of th gty 10 according to the t enbodi nen _
origin. o ﬁasdéee"eﬁ I zontal axis means each dir a”lk ’ﬂf’m |ty '
FIG 10 5)1 |V|t|es \Ahenthe_armje_betwe me ection
of direct crophone array axis is 0 degr%e $ 45 degrees
and 90 degrees FIG 11 is a diagramillustrating howto
acquire a p0|nt of bal ance betmeen a characteristic (a) for

I mproving a noise, isol.ation perfor Q%ﬁp t

enbodi ment by ‘ﬁﬁ }heneanﬂp%a:f) Fet vveen ér%éqqal&% sé‘elco% n(‘)iéﬁ?éﬁéﬁé
directivity and % i? hone array axis 20 in the first enbodi nent
acuter, and a de erl rEt T on characteristic (b) of the directivity

of arrayed | §7ophoResndy JRKESRLESEL ARGl £ dikednesn éhe direction
of directivity and the m crophone array axi s acuter. It 1s
apparent from Fl §ed@i iy e i SRSfnoKe Biay id e Mbisstiewseting
directivity oblique to the axis of the m crophone array or along the

g”gé’t ?)(;'nz.‘lican ak{S¥eRNdomprising dsd 2d GRicrspliehd enarfay) fldcedeoraught in a

a predetermined microphone array axis and comprised of
a plurality of microphone units for collectiné sounds
from mobile noise geherators, and a directivity forming
section for controlling a direction of directivity of

10 said microphone array, sald directivity formlng section
including delay means, connected to said plurallty of
microphone units, for delaying outputs of said
plurality of microphone units and addinQ meané.for
adding said outputs of said microphone uni£§ delayed

15 by said delay means,
- an optimal value of a delay time of said delaf
means being se£ in such a manner that a noise:isolation
characteristic for causing any mobile noise'génerator
not targeted for noise measurement to come off a

20 directional plane or a directional line formed in said
direction of directivity of said microphone array and
a deterioration characteristic of a directivity of said
microphone array balance with each other.

4. A system and method of measuring noise of
25 mobile body using a plurality microphones,

substantially as hereinbefore described with reference

to FIGS. 5 to 13 of the accompanying drawings;

THIS SHEET HAS BEEN
REPLACED




- 14 - pl ane or a directional line, thus ensuring an inproved
nmeasuri ng precision. Further, neasurenment with the hi ghest
accuracy can be achi eved by prOV|d|ng the directivity in such 5

a direction that the characteristic (a) for inproving a noi se

I sol ation perfornance by setting the directyon _ of directivity
oblique to the axis of the m crophone array or along the array axis
‘is balanced with the deterioration characteristic (b) of the
directivity 10 of arrayed m crophones by maki ng the angle 0 between

the direction of d'reCt'V'%&s@%@c&h%Fnhﬁkoﬁggﬁioébﬁﬁy FIG. axis acuter

Second Enbodi nent et’ Us cons as a econd énbodlnent,
specific 15 measur enent of noi ses generated particularly by

vehicles as noise genelayghay "R miPN6D O8F MERSGRING NOISE OF

MOBILE BODY USING A PLURALITY MICROPHONES"

In a noise measuring system comprising a‘
microphone array and a directivity forming section
for controlling the direction of directivity of the
microphone array, the directivity forming sectidn

10 includes delay section and adding section, and the
optimal value of a delay time of the delay section
is set in such a manner that a noise isolation
characteristic for causing any mobile noise génerator
not targeted for noise measurement to come off

15 a directional plane of a directional line fbrmed in
the direction of directivity of the microphone array
and a deteriofation characteristic of the diréctivity

of the microphone array balance with each othgr;



with a plurality of |anes. The second enbodi nent is illustrated in

FIGS. 5, 12A and 12B. Thi s enbodi nent can use basically the sane

el ectric conmponents as 20 shown in FIG 5, like the m crophone array
4, the anplifiers 5 and the directivity formng unit 8.

FIG 12A is a diagramas viewed from above the road surface 400 and
FIG 12B is a cross-sectional vib{d of the road surface 400. FIG 13
is a diagram 25 showi ng the results of a nunerical experinment on the
rel ationship anong the direction of directivity, the | ayout angl e
and the performance according to t§F

- 15 - ~second enbodi FI GS. 12A and
12B, the m crophone arr y A :

noi se- measur enent target| vehi By road surface
. 400; ' 52

FIG. 1

SIGNAL 53
PROCESSOR

FIG. 3




5 " numerals "117," "217" and "317" are non-target vehicles. A
nunmeral ™18" is the inclination angle of the m cr ophone array 4,
nuneral s "100," "200" and " 300" respectively indicate the first,
second and third | anes, and a nuneral "22" is the line of

i ntersection between 10 a direction? coni cal plane and the road
surface 400.- The road surface 40 A@;the surface of a straight
3-1ane road. The distance between vehicles on the road is 10 m and
the distance to the center |ine of each lane is 3.5 m The |ane
where the target vehicle runs 15 is the first | ane above which the

m crophone array 4 is pl acgd ongt he beam 15. The height of the beam
15 from t he road surfa(ie Jj%.5.5 mf‘Drr'eC‘t'I'y“b'eI ow t he

m crophone array 4 | ocated on g noi se-~-8 measuri ng
target position. 20 Y ntyoned | ayout conditions,

t he inclination angle of 7 dre\a(ray F1s 0 degre
when the microphone units constltutlng.the m CrQ RECORDHNGay 4 are
aligned vertically, and the dirgctibn df , ! tiUNiJ has ah angle
of 0 degree when b d|5ect|on 25 0 of dire
m crophones is t 3 ‘q' ' 9
A ! 1
L i
10 .
o \\
- NN .
4 // 15 \}/\ '/T\IO
2
| i } | : )
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!
11 ' :
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400
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FIG. 6 FIG. 7

FIG. 8




“direction of the array axis. ' Maki ng the inclination angle of
the m crophone 16

array
4 coincide with the angle of the direction of : dlrect|V|ty can all ow
the position directly bel ow the m cr ophone array 4 tolie within the
di rectional pl ane or the dlrch3y§ﬂ l'i ne. It is assuned
that non-target vehicles (217, 317) as n0|se generators are on the
second and third | anes and run. paraIIeI to the target vehi cl e, and
that the two non-target vehlcl (11QA, 1Z7B @17C 117D) as
noi se generators are positioned on thé sane L’u: as tL t ar get
vehicle, two in front of the target veht E7 X0 . too at the back.
It is apparent fromFIG 13 that neasureneny - per f or ned
with the arrayed m crophones laid ’@7/ t he
direction of directivity. j”' 19
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- 15 ranges fromthe direction of the array axis to 15 to 60

degrees and the inclination angle of the m crophone array set equal
to the angle of the direction of directivity in a range of 800 Hz
to 1.2 kHz of the frequency of sounds to be collected. 20
The three lines in FIG 13 respectively ow t he aver age val ues
N err] of the sound pressure in the cas f t he frequency of 800
Hz, the frequency of 1.0 khz—ard t+he—fregueney Y kHz. It is to
be noted that eight m[Er ophone finits con m cr ophone
array which 25 has a Ilendgih of 1 n B~-400ws t he
results of a nuneri cal experinmefpt on the I p between the
aver age - - val ue N1 of
i on or

N12 and N13 and the directijon |pf directiv
the inclination :
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37 217 116
|r-f1| |t+—7| JE;;;T/’
15— || |=> Y ( |
= | & 4@\_122

-

A T117C
— 117D

FIG. 12A T -DDLL

] ) )
300 200 100
151 \1, 4
Al
] ‘\~ .'—---—10
118 X
FIG.12B [ T~400



- angl e of the mcrophone array, where N12 is a di fference between the
sound pressure level of the 5 noi se of the target vehicle 116 on the
first |ane, which is to be neasured by the present apparatus, and

t he sound pressure | evel of the noise of each of the non-t ar get

vehi cles 217 and 317 which run paralleltg.h@ﬂ/e t he second and third

| anes, and N13 is a difference 10 en the sound pressure |evel of

t he noi se of the target vehicle 116 on the first |ane and the sound
pressure | evel of the noise of each of the non-target vehi cl es
(117A-117D) which run parallel on the sane | ane (first lane). 15
As this invention has the above-described structure, the invention
has the foll ow ng advant ages. While a plurality of noise generators
are present : within a directional plane and the arrayed m crophones
is not directional to those noise generators according 20 to the
conventional nethod, thus disabling accurate measur enment of a
target noi se generator, the present apparatus can catch only a
target noi se generator in a directional plane or a directional line
and can thus

‘ 0 N ) L4 L L) l A LS l L L] Ll L L ¥ R
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3| 8 st oo 1 KHz :

' ——=-1.2KHz ' -

§ ;\.5. ._/;‘/’,;. :

5 o T

= \\ \ \‘ 7 IJ; ]

qu AN b 7 i

"’1 5 Y N P Y I I 74 ]

A A e Ul 7 ]

\ A / ’, \\ ./ ‘\ — / -

& -0 Lf > ' B Ak ST ]

: \ ‘,[ ,7 ‘\__./- \\ — 7 AR Y b

L N 7 .

L \ ! ‘\\ p) -t

8 cﬁb -25 ) v [ \ N ~ 1 ]
3| 2 VY :
\/ ]

M _30 1 1 de ot 13 ) 1 1 1 T .
15 30 45 60 75 90

LAYOUT ANGLE (deg)

FIG.13



- 1P087s topy = Age22 ~\4r
i nprove the measurin reci sion w thout increasing the e —of
m'rrErophone units. I P Further, setting tge dir @éPMCthN‘!UﬁIEﬁ
directivity oblique to the axis of the m crophohejarray or alon
- 18 - the array axi's can allow only a target ho|se ggun 2000
to be caught in a directional plane or adi fectT onal line. This
| nprove the neasuring accuracy. Furt her nore th
t he hi ghest accuracy 5 can be achi eved by providin the directivity jn
such ‘a direction that the characteristic for gBrow ng the

noi se isolation performance by set¥Th§ PReTHEr LRVENRI of directivity
oblique to the axis of the m crophone array or along the array axis

i s bal anced wi t FYSTEM #ND ME%‘E@ iQF MEASURING NQXSE OF A& MOBIIE GHOMLtivity
of arra ed mcro hones maki ng the angle 0O between the
di rection of d| }P %H%%Qﬂ" ¥y axi s

BACKGROUND OF THE INVENTION

5 _ The present invention relates to a noise measuring
system for' measuring noise of a.mobile noise generator,
like'é vehicle or a mobile body, by using a plurality
‘of microphones, and, more pérticularly, to a noise
measuring system and method which.can isolate a

10 plurality of mobile noise generators.
In the following description of a noise measuring

system to which this invention is directed,.térms are

defined as follows. "Direction of directivii:y“ is the -
direction in which one wants to collect sounds. "Axis
15 of microphone array" or "microphone array axis" is the

layout line of a plurality of microphone units arranged
on the same line. "Apparent wavelength" is the
wavelength of a spatial waveform when the spatial |
waveform can be detected along the microphone array

20 from the spatial phase difference of the positions of
the individual microphone units on the same line.
"Layout angle" is either the angle that is defined
by the surface of a road and the microphone’ array
axis or the angle that is aefined by the line of

25 movement of a mobile noise generator and the
microphorie array axis.

A conventional noise measuring system will now be



acuter. Addi ti onal advantages and nmodi fi cati 5"
readi |y occur to those skilled in theart. Therefore, rﬁEWAb' E'#SS-HEET
‘invention in its broader aspects is not limted to the specific
details and representative enbodi ments . shown and}dgscr® Kbl 2086 e
Accordi ngly, various nmodi fi cati ors 6my-be nade wjt hout departin
fromthe 20 spirit or scope of the general inventivg¢ concept as
defined by the appended cl ainms and their equival ents. =19
CLAI M5 1. A noi se neasuring systenlconpr|5|ng a
m crophone array placed on agwredeistMiared oF THE INVENRIoMe array axis and
conprised of a plurality of 5 m crophone units for collecting sounds

from nobil e neplsis RS Qs actiileved by a nobsélimeduwing forning
section for controlling

system comprising:

a microphone array placed on a predetermined
5 microphone array axis and comprised of a plurality of
microphone units for collecting sounds from mobile
noise generators; and
a directivity forming section for controlling
a direction of directivity of the microphone array,
10 the directivity forming section including delay means,
connecﬁed to the plurality of microphone units, for
delaying outputs of the plurality of microphone units
and adding meéans for adding the outputs of the
microphone upits delaygd by the delay means,
15 an optiﬁal value of a delay time of the delay
means of the directivity forming section being set

in such a manner that a noise isolation characteristic

and a deterioration characteristic of a directivity of
the microphone array balance with each other said noise
20 isolation characteristic causing any mobile noise
generator not targeted for noise measurement. to come
off a directional plane or a directional line formed in

the direction of directivity of the microphone array.
The above object is also achieved by a method of
25 controlling a direction of directivity of a microphone
array in a noise measuring system comérising the

microphone array placed on a predetermined microphone

o e e et g m caS1 ST %t oy e s - R e S LIC T Y SENSDE NS



a direction of directivity of said m crophone array,

directivity form ng section including delay neans,- 10 REM@%(}SI"{E@TS hi d
plurality of mcrophone units, for del ayi ng outpytg of said plurpl|ty
of m crophone units and addi ng meanssfor addi ngfsai i 9N eagof | shid
m crophone units del ayed by said del ay neans, an optimal yajue
of a delay tine of said delay 15 nmeans of said diré¢ctTvitTy formmg
section being set in such a manner that a nois¢_isolation

characteristiC array &0k Rft!&ngd® b BRIRALATRY GOhiddpheak! Vi 1Y
of said m crophone array bal ance with "each otHher said noi se
i sol ation char aG@iStEer (BII EL BTy sBbde HRIBaoAde noigenerator not
targeted for noi se neasurenent to cone off a directional plane or a
directional |inegdmytetord), and a diwdckiviertfominlg dgotdonvifor of said

m crophone arr ay. 2. The system according to claim1l1, wherein
said directivitydmrrohbised i dirdetridrerof ntixeesiviggnof 2he for
controlling said direction of directivity of said m cr ophone array
in such a way teiceephiong raxtayn Wie directiviitwdfquming secddio ni cr ophone

array is oblique to said ]
including delay means, connected to the plurality

of microphone units, for delaying o'utputs of the
plurality of microphone units and adding means for
adding the outputs of th_e microphone units delayed

by the delay means,

setting an optimal value of a delay time of the
delay means in such a manner that a noise isolation
characteristic and a deterioration characteristic of a
direct'ivity of the microphone afray- balance with each
other, said noise isolation characteristic causing any
mobile noise generator not targeted for noise
measurement to come off a directional plane or a
directional line formed in the direction of directivity
of the microphone array.

Additional objects and advantages of the invention
will be set forth in the description which follows, and
in part will be obvious from the description, or may be
learned by practice of the invention. The object and
advantages of the invention may be realized and
obtained by means of the instrumenfaiities and
combinations particularly pointed out hereinbefore.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF DRAWING

The accompanying drawings, which are incorporated
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array axks

m crophone array axis or extends al ong.said nicrophane
3. A nethod of controlllng ad rnxﬂleﬂMENT SHEET

directivit

of a mcrophone array in a noise neasuring System
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directivity formng section for controlling a direction of

directivity of
section

10 ~said nicrophone array, said direétvty—fornng
I ncl udi ng del ay neans, cefnaggged to said plurality of

m crophone units, for del aying outputs of said plurality of

m crophone units andiaddangolieanfebsuring systasdicompadisdngut puts of said
m crophone units del ayed 15 by said delay neans conpri sing,

setting an opti mal
a manner that a noise isolation
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microphone units for collecting sounds from mobile
noise generators; and

a directivity forming section for controlling
a direction of directivity of said microphone array,
said directivity formingisection including delay means,
connected to said plurality of microphone units, for
delaying outputs of said plurality of microphone units

and adding means for adding said outputs of said

-microphone units delayed by said delay means,

an optimal value of a delay time of said delay
means. of said directivity forming section being set’

in such a manner that a noise isolation characteristic

and a deterioration characteristic of a directivity of
said microphone array balance with each other said
noise isolation characteristic causing any mobile noise
generator not targeted for noise measurement to come
off a directional plane or a directional line formed in

said direction of directivity of said microphone array.

2. The system according to claim 1, wherein
said directivity forming section further includes means
for controlling said direction of directivity of said
microphone array in such a way that said direction of

directivity of said micxrophone array is oblique to'said’

val mdcmbphodel ayreynplaiceshionh a predederminedans in such
characteristic and a deterioration
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microphone array axis or extends along said microphone
array axis. .

3. A method of controlling a directién of
directivity of a microphone array in a noise measuring
system comprising said microphone array placed on .

a predetermined microphone array axis and comprised of
a plurality of microphone units for collectiné sounds
from mobile noise generators, and a directivity forming.
section for controlling ; direétion of directivity of
said microphone array, said directivity formihg section
including delay means,'connected to said plurality of
microphone units, for delaying outputs of said
plurality of microphone units and adding means.for
adding said outputs of said microphone units delayed

by said delay means comprising,

setting an optimal value of a delay time of said
delay means in such a manner that a noise isolation
characteristic and a deterioration characteristic of a
directivity of said microphone array balance with each
other, said noise isolation characteristic causing any
mobile noise generator not targeted for noise
measurement to come off a directional plane or a
directional line formed in said direction of

directivity of said microphone array.



