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Met hod and system for evaluating acoustic directivity
Field of the Invention The present invention relates

to a nﬂWNMﬂMMﬂﬂmmm tem for evaluating acoustic 5

di rect ound of the invention A

sound- em t #isngp=devi ce, such aq_the di aphragm of a
speaker or a nusical horn, 10 delivers wave energy by
vi brati ng, . . forward
I n an acousttt TS AL el € —pT o1-ectr on
is critical for nDst speakers as wel | as nusi cal
instrunents, and it is a particularly great concern

fh In ers. In nany designs of sound emtting

f
gsw(laé'r ‘(S:)%Errgh% m&ngrgtléjrf (#(t%%% 9 Jngm%d n%gdégxﬂsgé\@/f?a Qgélgéﬁ ng ac acoustlc
Hireativityo signal of optimal quality. The efficiency of

acoustic energy transm ssion nmay decrease in cases
where only a small proportion of the Iongitudinal wave

I8, ok fth&GnidHant he air due to poor coupling.
%‘shpq%emm%ﬂ‘ngs about absorption of audio

waves and/or di stortion of the original frequency
i Stri es,. t he fungti onal

. whi d
SourdrmiEng celie’ sudlhas 368 Riaphtag At shisaker L Agnygical hom,
Q)%We@\ﬁé‘vé)éﬁ@rrg?it? ViBraAing! ¥Ad 'ﬂgerbB? p?(bjécllﬁ?ﬁ%ﬂﬁﬁ wave forward

experienced b i o waves by nonitorin
o egsamogsv@traasfeo Rsocessclenustic pnomtnpnem eritieal for most speakers

I 8 e P, ADELTE ALY ol B3R for smat

\eplearersy In nangefdsigns§f sdundcamtineqyiphisat, the déudg&ye:f the
both the speed and 25 accuracy of pressure senS|n?
SPuUnd vapenhas to Qﬁtﬁiﬁ@@ﬁ@em'slfﬁééé ofenedivey isnpadances to PdeUCG an
i | I
tagjfg%déggtﬁge%ﬂyptﬁ(\]é{l c{JL&ﬂgP%@ v@a&ﬁw gfr % t.ésener transmission
tnhay decreiase émcgsed whaee omelasusraa’dz propd?men bbtmaJlohgltudmal wave is
onS|d ti.o | ocal.ized pressure_ detection is
Tevsmited 5 e ais Ul dogr FoHPIG, s, PRFNBeReR briges about
R oFBtABI QUM MavES aRb/crtidtErtiondbfahe digind® fred(EREY dRtribution,

the I'nvention
which degrades the functional performance of the sound source.

Although there has been much progress in analyzing the air impedance
experienced by audio waves by monitoring of the pressure variations, presently
the preferred technique for effective characterization of sound propagation is
active detection of air transmission velocity.

In designing an acoustic evaluation module, both the speed and
accuracy of pressure sensing is of the utmost importance. These behaviors are
influenced by environmental factors such as temperature, and humidity, which
are likely to reduce the consistency of the measurement. Due to such
considerations, localized pressure detection is advantageous as an absorption

indicator to monitor the dynamic behavior of sound radiation.

Summary of the Invention
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2 The present invention relates to a new and useful
nmet hod of acoustic characterization. |In general

ternms, the present invention proposes that a pressure
field generated by a sound-emtting device (such as a
speaker, or a nusical horn) i 5 detected by a
plurality of mcro-sized capillary tubes, each coupl ed

RS RER LN P IFRRYRE IR EH BT Vh6on FSoustc

m Cr'o-si ze ance the sensi
ehamateszationdet ection, so that |ocal changes in sound
em ssion behavi or can be quantified on a distanc

Scal ¢ RPPEIREINGNE REESSPAMRGUBN PrPROSSSABRT p rgssure field
g‘éﬁéﬁateaglygegééuﬁﬁ‘ﬁﬁﬁwﬂg%@v eS(sfch 88% %%aﬂ@rh&da mﬂs‘fd?:ll horn) i

oes not uire a ical " contact tween a senso
detedtbd bycaupldredmy bf migroekized-eapibiary tubes, .eachnedupted to a

I ffect f d
DESRARAS e e TRATA D T LA vt paance
the sgﬁﬁﬂﬁhf Jf resbine Etbetbre SotthhYcErMH A Ryes TR 's%uﬁb Ehission
makes possi bl'e study of the response of a sound wave

bebﬁv'ph@aﬁmquammed@nlasd@ﬁanqei seplersotraspending the spacing of the

é'gb}j@f wi.se easi |y eval uated when the anplitude of
r? i's very small. The nmeasurenment system ai ns

t o andhjg makee popsibfsdisensingfrhethodl wisieh dedot reqiife & Physical
ute its propagation energy with regard to the

@ﬁo ach hetrrertasenePbaRd thensquiid-emiiting delice. pngdn turmn makes
g;o @Teféﬁ@& veaRLpbiR yoftngﬁa ﬁ@%ﬁé%t oﬁf&rﬂa%rt BSIﬁg _nzrgq]aévtable

ubes are ar an e In an arr

prokzipg insegramigr oo Etthat geomew of fhe;‘s@ijr&t-enmeng rdef/lcentl'hls also
itfi sour ce. e size of t

ks SORAPIS Shidyl g SoSeisech ay Sed Have PTG fouth of the

efnaRgiMethadif®, ARG i &ifvisd Qas@eﬁlahﬁahgd rv@rﬂéH hehmplitude
sensing resol ution. Various enbodi ments of

ohvignatiashiscety samalis §be magasuigmgsh eysierrs@lmajto @alyze the
BB EBr S BhulHbLTRRL o PP B oAb o i
regdrddeltegenvirbemest eédndmeiy.p between the air velocity

In use, the needle-like micro-sized capillary tubes (here referred to as
Pitot-tubes) are arranged in parallel in an array. The array is positioned at a
specific distance in front of a sound emitting source. The size of the probe array
may be selected depending on the vibration capacity of the sound source, to
meet the required sensing resolution.

Various embodiments of the invention can be used for any general sound
emitting musical instrument or speaker system, such as to determine its
acoustic directivity. In this methodology, the relationship between the air velocity
to the pressure in relation to the sound baffle or source plane is identified.
Subsequently, the directivity pattern of the acoustic transmission may also be
identified as velocity vectors, such that the travel speed and direction of the air

particles are identified.
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to the pressure in relation to the sound baffle or
source plane is identified. Subsequently, the
directivity pattern of the acoustic transm ssion nay
also be identified as velocity vectors, such that the
travel speed and direction of §he air 30 particles
are identified. 3 The probes permt the pressure to

he aqgdroees PRR TR e BY ciGaHilBY LRFdapialfy e

geasingfpasitidnnia the aiceaskdfield! Ths inaxi®ium bleasga!irdair pressure
emttjng source, and this mneasured pressure level is
Suaptitiesihe: Rroineed itensity fithe spupd eseitting spured.anbiiis

. _ ;
POSFTRY prfth g B ST BPUAT R S tarlpibl SeHE Sound
Energy. ddusisystemaenatdes thespatternhsd thesound iradiatiomtb be examined

T T

ahanefbRRdBYer @ I@ﬁg_td(]réﬁor{. ®eSREfhpedark@ sy aFEEjojected sound
positions. 10 Certain enbodinents are arranged'to _
aayesan be faunghisonngtsi lonaldfanamission veldcityratdboeispeoifio sensing
%ﬁs@. Rgncti on of its radiating frequency spectrum

PeR'Ts  usef ul for understanding the frequency
r espoiCRtadh ehitdithBhitdredartd 1@GiBse8ls thé aRBRMERINn efficiency
15 Brief description of the draw n%s An enbodi ment of

ohaniaudigwiaya aga funeian 9é it sadiating fregueney spectkemowhich is
i f f ol b0 :
gl;ég{vl\ﬁlrf]cg’seﬂgrﬁgt\%ﬁp F(I:":g?: thEIf%&%ﬁghgg%ﬁd;f%ﬁe&mtb?g‘aq}%n%d|aphragm n

thoe speaikesf an enbodi ment of the invention in use for
acoustic pressure sensing. 20 FIG 2 shows a | arger
portion of the enbodinent of Fig. 1. FIG 3 shows

8rilRe AL ARIdNYofahe YA RINgECr automated pressure sensing

enpr oyl ng € enbodl e of Fig. 1. FIG 4 shows the
ﬁ@a@n%edimemioftuth@m@ntiom wall obwebe gesardleddoutie sakie of example
'oﬂ@twmé}%ren%sé t%%é\fglpova&t FEWI%EJ%?I%I VrVTﬁllglh of Fig 1

FIG. 1 shows schematically a portion of an embodiment of the invention

in use for acoustic pressure sensing.

FIG. 2 shows a larger portion of the embodiment of Fig. 1.

FIG. 3 shows schematically a system for automated pressure sensing
employing the embodiment of Fig. 1.

FIG. 4 shows the measured radiation profile of a typical sound emitting
instrument, as derived by the embodiment of Fig. 1.

Detailed description of the embodiment

Referring firstly to Figs. 1 and 2, an embodiment of the invention is shown in
use. The embodiment evaluates the sound field 105 in front of a diaphragm of a
speaker 104 of an audio speaker system (though the speaker 104 may
alternatively be any other sound-emitting device, such as a musical instrument),

where the speaker 104 produces a longitudinal wave in the air. In the sound
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25 Detail ed description of the enbodi ment Referring
firstly to Figs. 1 and 2, an enbodi nent of the
invention is shown in use. The enbodi ment eval uates
the sound field 105 in front of a diaphragmof a 30
speaker 104 of an audio speaker system (though the
speaker 104 may alternatively be any ot her

TR B eSS RSB OB U Bl e
idispersdl.vibratibh eetartiinledithd tramster éﬁub@hctzrwtﬁ@ Gyﬁ@m&k@f
104, the | nteraction between static air and

d?%?%‘rs@dr‘ PRI E GPTSSTaNGe 68 Ausko Gbally clhe design of the
SRR echBcly SrcfTIRE s CEFRRRTA I BaF S oy

sp@ker 104 especi al Iy when the anplitude of

di aph b tion is ver enbodi ne

el oy DA BRHEEETRIPYS B &S Ry ERS RIS ©@npts, each
%H’Rfrisﬁiqqﬂ Ftob 'tdt% 1016niéR hasHw &Bn?ét% tﬁFbLF‘danﬂ@I%ﬁﬁ the centre

hrough-hole in the centre of abouf 500m di amet er .
loff gbo&t 50w imdiEimetee. Bite 1adshavwees sirfgjle ohetafi htmelle[tot tubes 101,
ur al

Pl £ stfwd Pase g uradie Bl hethuialuresitatnbhas 01 e neatly

i tir i | c
a‘Fra%ﬁEB if epﬁr:{l%‘i Llﬁlaé gﬁllr%ﬁ@rg%a?t{bﬁeﬁg% %%% %Ehﬁ?@bér\ﬁ!:@ﬂlar to the

ilersgth fdlrestupm opthedPitettabes d 0d hehiohi ltaeéftls oarpandicudar tofthe

' t k 104. I, t
EEatoR A aMTaGhe P n SRSl g nsekah 1By The BgERpe o are
ﬁann@ﬁnﬁceln(tnmccﬁh@wrauon ea @R Bort%lﬂ@%ttﬁé (h&shown). The open
Pitot-tubes are in a single plane in the arrangenent

SREsof the Pitgt-tubes pge g auﬂgieplaélﬁa@dhﬁ@fﬁta@gsnee @hown in Fig. 2,
%g?lgﬁn%‘?r '(rﬁlyodlﬂngh segre rQEttrwc &‘W‘ﬁ ted'fﬁ_ﬁlﬁa é’ %5 d;tlhﬁo %tgat the

i mensi ons of
optimalidomergsians of therfitdtitobs 1an djdpleaddnrsiheaurroundmg air
renment r’rﬁrem S|§m A smal | er e
I

dj )
PR NES 2Rt 16 BesRed MedsyraBpRERTessIa: s STV polearu@meter

‘p?&/l&%hrﬁ@ﬁél%alm&r@tectﬁi?ser%ﬂﬁ gh?‘l'ﬁ%t@d’stfdﬁi/ ﬁigher. The
wal | thickness of the tubes 101 preferab

outergliamvetat amottharvwﬂlh@lctmesauof theembeswémaremrafeealwy small to
%)/grcrpdls &né"tﬁé’ talrtnue%er thlé)lr1 opgn end. Commonly a Pitot-tube 101 has an
inner diameter of about 500um (as mentioned above), and an outer diameter of
about 1mm.

As shown in Fig. 1, a respective pressure sensor 102 is provided at the
end of each Pitot-tube 101. The pressure sensor 102 has high sensitivity for
capturing the air movement 105. Individual flexible rubber tubing elements 103
are provided to seal the junction between each Pitot-tube 101 and the
respective sensor 102.

The arrangement and layout of the probes 101 is carried out taking into
account the geometric configuration of the speaker 104, and the number of
sensing points is adjusted according to the required resolution. The

configuration and the spacing between the tubes can be tuned for optimal
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i nner di aneter of about 500m (as nentioned above), and
an outer dianmeter of about 1 mm As shown in Fig. 1,
a respective pressure sensor 102 is provided at the
end of each Pitot-tube 101. The pressure sensor 102
has high sensitivity for 25 gapturing the air
movenent 105. |ndividual flexible rubber tubing

SLTE: a8l BE PP ket BRleb Py MBS B B aon
Teaimangesmtrdueatodan ayousticokavdid pe oResuted W|t$1 finer resolution.
carried out taking intg account the geonetr

g@ﬁfn'ﬁg?%ﬁf% Hogf'oﬁ% U§6@@N¥ Isufblthatathﬁ'rtqp@nﬁwefm @& Pplgge in
Fone PQ sBBthFm’sﬁoﬁ%H%ee q'h% g‘@ﬁfa‘ﬁch h@o f?@rﬁ'tﬁ& durface of
on t ween

reso utlon |gurat| € spacin
di&phrangmsmayabeb&arlpdrthmn@dhecmeambrr@nt RE[Oiﬂ!B\tlf)Cthe change in

t |1
SBREROhls e B o Shures: e RNt a6 T the Pitot
ARUEST O CisRHG shiaild BBk #htet- ﬁ.‘ibé"‘l OPjd i urﬁl%ﬁf ﬁ)sééldére' iRferference to

The probes are p03|t| oned uniformy such that thelr
epoungprap@gatian i thesair,norfimgpair tbe sensitivityl obthiessgnsing

B oS BR0 AL RAG  580 ton r

irftividualywidire sohanast torcauseedli@yrufion td the Acdlstibevaeund
source. Since the width of the tip of the Pitot- tubes

101 i SheaepssrdP? mawiakephe derm oba piero-plectiia sensing cell
gﬁﬁﬁ%ﬁh%%ﬁrﬁ&f &ﬂpﬁdh?enté 'ﬂ%a,?pe% hi g%‘%m%r o7 ol P9DF
I r, or 1 nmpalr sensitiv y O he 'sensin

sensen). Bime pitize- qieahesnaeeasgmdtm tldetioal dummn it is
much greater than their 10 i ndjvidual width, so as_not

sebiesTioensEal GemPERsSive sesuciinsensing el carhe dasigned to
ﬂnQ@e e r%'élesetr%ﬁnvf& %@Eeléct@éﬁépﬂ@ ﬁFésfs' ol ?@%g& IEEHid is

(al t hough in other odinents It nmay be a
hmhomreall olnarzegePN?IDhe alepressiire ahéheppiezo-reatecial caused by an

ShtRove BRHEhRER Sstiseet aliined S, HHETausnsich e sensor

eell bria§R0oRes Gisd @8gné @ talkkind) AN ascO@Sithe Pressiitet dfthé Yubber
by a selection of the stress-voltage ratio. If this is

Hiking eleraenis| 1 0SemEe PitotttibeailPlpr essure on the
P ez0THRL&NIE JlooCAHIRiFoY &HY have identical sensitivity so that a

pressure distribution profile can be mapped when sound wave 105 is
transmitted to the Pitot-tubes 101. As shown in Fig. 3, the sensor cells 202 are
connected to a data-logger 303 that records every fluctuating value of electrical
voltage from each individual sensor independently. The voltage variations are
also provided to a computer 304, which reproduces the acoustic pressure by
plotting the digital detected values via a user-friendly processing system as a
pressure distribution plot. This produces a geometric mode! as shown in FI1G.4,
for identifying the vibration and transmission behavior of the sound wave.

Fig. 4 shows a distribution plot produced by an embodiment which is a 3-
D mapping of the acoustic transmission profile. The array of the Pitot tubes
forms a 2-D planar distribution of sensing points that are parallel to the

perimeter area of the speaker. When sound is projected from the speaker, the



10

15

20

25

audi o wave may trigger a significant electrica

signal. The layout of the sensor «cell array 202 is

al so designed taking into account the presence of the
rubber tubing elenents 103 on the Pitot-tubes 101. 20
The cells 102 are uniform and grave identica
sensitivity so that a pressure distribution profile

ﬁi:gs%ﬁ? a'q%&?cg% %8?[@%@. %ﬁnftﬁrﬁééacéﬁ ra{ﬁﬁ%ttéﬁ Qiosﬁtgnce from

cehtre oZ&beaker Thermazlhﬁdn talr predsuire- |*.: oggurédat tHeatentre of the
recor fI uct uat i ngaval ue of electrical voltage

PRy 3(9?51 W?%Qf‘zﬂ’e‘%@ﬁ g S-RdBaRRIBEnt | y. The vol t age
vari at t 4

whi ch ﬁdeagf%ﬁgg%ﬁéltdﬁgég%%ﬂgﬂ% etgs Slr e Lgf " %?1 be obtained
tfiroen theyptesisucevalue ed avspecdic positian. l&maderlrcgwe}alr flow to be

proceSS|n syste ressure distribution
rarRresatis an Be Tl PSR b VN AmE] FoPPBred fo the
foRbjebfRIMddustip Prédrird | BEMoUNS é@@atﬁrﬁ@%ﬂéﬁb?n

behavi or of the sound wave. Fig. 4 shows a

di stribution plot produced by an enbodi ment which is a
3- 30 D mapping of the acoust|§ transm ssion profile.
The array of the Pitot tutes Viorms a 2- 1pl anar

di stribution of sensing potnt& that are parallel to

the perinmeter area of the speaker. Wen sound is
projected fromthe speaker, the 6 pressure detected

PheFHery Sensi ng poi Rfenkidd B t?eﬁfé?ﬁlﬂéﬂ%ut eb8ifre [Nm?);

di stance from centre of speaker me air
pressure i s nmeagur ed denotdsetheeaait dmsﬂfy 1000 [kamé} | i ke
peak 401 observed on the 3-D mapping. According to

flui d mechani cs 4 heodgnotasdtheaielrgity\of sir [ms ' lcand be

obtained 5 fromthe pressure value at a specific
position. Considering the air flowto be
iBryctemmlgmiabe eootanidhe naticsotdétectedgwesswret (P) lwewtheydensity of

B s FV4TREE S8ty G LB B PRI R B 655 detation (1

where P denotes the transmitted air pressure [ NmM 2];

2P
V= e 2)

Air vibration slows and weakens gradually over time, and this transition is
reflected by the change in the velocity obtained from equation (2). Calibration
for the change in voltage with standard acoustic projection towards the probing
sensors is carried out to identify the loss in energy. This comparison is
particularly useful in determining the absorption level of the sound wave in air
that results from impedance in the intended audio frequency spectrum.

Although only a single embodiment of the invention has been described
in detail, many variations are possible within the scope of the invention as

defined in the claims, as will be clear to a skilled reader.
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p denotes the air density, 1000 [kgni3]; V denotes the
velocity of air [ns']; and 15 By taking square root of
the ratio of detected pressure (P) over the density of
air, the average velocity (V) of each air particle is
obtai ned fromequation (1) as:; V _ 2P (2) P Ar
vi bration sl ows and weakens gradually over tine, and
Q%nsnstransition is 20 reflected by the change in the
ty obtained fromequation (2). Calibration for

the change in voltage with standard acoustic
projection towards the probing sensors . is carried out .
tlo i dénPliesputenmeagyEementnvics, for chasciengaionsefiihe sound-field

' | sosEd-Uhnitki LALRG L he absorption
lfg;g@tgra&g@ %&hé/essoungh\ﬁg\ag%l%&%%ﬁghﬁﬂgwf esults from
I npeddace iam drrey ohiPdotdabdes ushah ihcledinga grrstidhtougm hdl® having
Al t hough only a single enbodi nrent of the invention has
@@&P%%’?ﬁ?’i in detail, many variations are

possi bhe WiéhedLH ﬁﬁotstlﬁﬁg,:a 2%5 JHGive PYEEUr@edsor, #5 hB&8uUring

in the clainms, as wl ar to a skilled reader. 7
thexprassure At theeatbar endwhthe wespattiveRitoktuber
characterization of the sound-field generated by a
sound-em tting device, conprising: 5 (a) an array of

Bi t ot A plesureAasushest diice ac@drtinghtb i N &hich the

having an open end; and (b) for each Pitot tube, a
PESTFAEE iSeRSPIscRrs ipetectech oM grasip eansislingraf: hydre-manometers,

PGB B U pORE Ahsplle respect i ve Pitof

réssure- measurenent device according to
claim1 in which the pressure sensors are sel ected

from group consisting of: hydro-nmanoneters, )
3 o7 0 APESEHIEMeRSETReNtARYIea pecdingdpSlait 1 At claim 2, further

EBﬁﬁﬁféfr%‘?E?frﬁit?'ﬁ?l%x@?é’h%e??@&ﬁg b sCE&hIMghthe connection

i
e

clarm 2, . _ corrpnsmgap!urallty of

bebween eapgistive Pitabiubgsanshtibetrespeativiei prgssure sensors.

connecti on

4. A pressure-measuring system for acoustic characterization of a sound

source comprising a pressure-measuring device according to any preceding

claim, and a processor coupled to receive the output of the pressure sensors

and perform an acoustic characterization calculation.

5. A method of monitoring the sound-field generated by a sound-emitting
device, the method comprising:

(a) locating a plurality of Pitot tubes in relation to the sound-emitting
device, each Pitot tube including a small through hole, for capturing of incoming
pressure, a first end of the through hole being open and directed at the sound-
emitting device.

(b) using a respective pressure sensor for each Pitot tube to measure the

pressure at a second end of the Pitot tube.



bet ween respective Pitot tubes and the respective
pressure sensors. 4. A pressure-neasuring systemfor
acoustic characterization of a sound source
conprising a pressure-neasuring device according to
any preceding 20 claim and g processor coupled to
recei ve the output of the pressure sensors and

rfor F of1 .C | ati A
% t ho éﬁh@%@&g rbﬁgcttgﬂdéﬁs%g ﬁfa@é he sgclﬁjg\;da Bﬁ@% dgwce is a
suummmmwsommmgnuwagnnﬁﬂeihe met hod conprising: 25 (a)
| ocating a plurality of Pitot tubes in relation to the
sound-em tting device, each Pitot tube including a

[ . Mo g e
Z?gss lﬁ ,2{ W'?%regﬁl c}BoctJ&f]ﬂg%ﬁ h{ﬁgﬂﬂﬁumf mitegtubes e arranged
impadillebint & cegutlar dreays epaded expiartt pmmlsle‘blyamlfotrh)dlstanngs.
a respective pressure sensor for each Pitot tube to
neasure the 30 pressure at a second end of the Pitot
Bube. ABmethod adBdrarg B 6 didindss & RifdtRer IHcI‘U'airﬁ{‘trérti@mttmg
sound-emtting deV|ce is’a stationary sound In
the puput of the senNYess tas rperssyr taora@gadrto $e¢Q1vth&:hutput of the

t-t rr e r al
PR Sabpd are oM A Ao tharkelgfilibd sifuidede”
di stances. 8. A nethod according to any of clains 5 to
7 further including transmtting the output of the
sensors to a processor arranged to receive the output

of the pressure sensors and perform an acoustic
characterization cal cul ati on.



