BRIEF OVERVIEW OF CBT THEORY

Don Keele, Sept. 26, 2008

1.1. A Brief CBT History

CBT or constant beamwidth transducer theory is based

= First formulated in JASA papersépublished in 1978 and 1983

describing underwater transducers based on shaded spherical (Lots of heav@y-duty math!)

on un-classified military under-water transducer caps (U.S. Naval Research Labs) P ——
research done in the late 1970s and early 80s [1 - 3]. = P. H. Rogers, and A. L. Van Buren, “New Approach to a Constant Beamwidth New approach to a constant beamwidth ransducer RN S
Thi h describ R d f ducer i Transducer,” J. Acous. Soc. Am., vol. 64, no. 1, pp. 38-43 (1978 July). B e . s ot 5 L = EL‘LJ

Is research describes a curved-surtace transducer in = A. L. Van Buren, L. D. Luker, M. D. Jevnager, and A. C. Tims, “Experimental Constant i . e e e
the form of a spherical cap with frequency-independent Beamwidth Transducer,” J. Acous. Soc. Am., vol. 73, no. 6, pp. 2200-2209 (1983 June). __ e e 1.1 oty o COT Gt o COT o
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Legendre shading that provides wide-band extremely-
constant beamwidth and directivity behavior with
virtually no side lobes.

for ba= £, where the misimized colalf frequency L de-

pecds on the order v, The Legendre function P (cosd),
PACS sembers: 418047, 41 10Rz, 1300, 43 30Y) v M, in squal to ooe at § =0 and has its frst m::u.l:M
angle =, The value for o, decreases monotoaloally
with Iscreasing v, I.e., the kigher the valuo of v the

& directional scund beam is used, a consiant beamwidih narrower the team. A gocd approximation for P fcoss),

transdacer is nocessary to avold loss of information due
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Modt Al restional asoustic transdacers and arrays ex-
Bibbt beam paiterns which are [requency dependent.
{For example, the beamwidth of a plane piston or line

= Applied to Toudspeaker arrays i r'| five AES papers by Keelein
2800, 2002, 2003, and 200%

[1] "The Application of Broadband Constant Beamwidth Transducer (CBT) Theory to
Loudspeaker Arrays,” presented at the 109%™ convention of the Audio Engineering
Society, Preprint 5216 (Sept. 2000). :

[2] "Implementation of Straight-Line and Flat-Panel Constant Beamwidth Transducer (CBT)
Loudspeaker Arrays Using Signal Delays,” 113th Convention of the Audio Engineering Society,
Preprint 5653 (Oct. 2002).

£3] “The Full-Sphere Sound Field of Céonstant Beamwidth Transducer (CBT) Loudspeaker
ine Arrays,” J. Aud. Eng. Soc., vol. 51, no. 7/8., pp. 611-624 (July/August 2003).

(L-4] "Practical Implementation of Constant Beamwidth Transducer (CBT) Loudspeaker

mmmmmmmmmm of the tranemitter and recelver. Good

alignment may be difficalt o achieve i the information
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of which may be in motion.
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fectn the accaracy of derived parametors (rom flaws, i

thon series expanaica of P, derived by Szegd'™:

P feoad) = (8/aind o] (e 0. 508) . {14}

Using the kagwn first root of J; together with a correc-
tion term necessary for small values of », we cbtain
the approximation
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array decreasss with IASFeasing frequancy.) As a re-
#alt, tha spectral coatent of the transmitted {or re-

ceived) signal will vary with positios in the beam, and
thus Usa fldelity of as underwater acoustic system will

The theory was applied to loudspeaker arrays by Keele
in 2000 [4] where he extended the concept to arrays
based on circular-arc line arrays and toroidal-shaped
curved surface arrays. Keele also extended the concept
to straight-line and flat-panel CBT arrays with the use

tiemue, and materisls. The constast beam character-
katies Bold for the nearfield as wall as for the farfleld,
thus making the applicatioa to highly directive ultrasenic
transducers possible.
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This approximation improves with increasing v, belng
correct to within 6. 1% for v 1. Iowerting Eq. {15) we
¢ Independent of bearing. A Bave abtain an approximation for the order v in terms of a0
propassd (and hullt) mars or Ta, but i. THEORY
these iovolved the use of arrays of elements which were .
eltbor intercoenacted by elaborate filters, ' compen- It da warll keown™™ that Uf the radial velocity ca the
sating netwarks, | or delay Linas®® or deployed in a com.  Surface of a rigid sphere of radios a i equal b Ugrld)
plicated three-dimeesional patters,* and are thus more €™, where w is the angular frequency, then the cor-
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of thane papsra concernad devices which sxhibited “con- -
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This approximation improves with decreasiog o, and is
correct to within 0, 1% for o, 5 w/2.  The aimpler ap-
proximation »=0.5[(4.81/a) = 1] is accurate to within
1% for o, = 1 radian,

(18)
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whare R and 6 are spharical coordinates, k, is @ spher-
ical Hankel function, &} 18 its derivative, p I8 the den-

Urmited bandwidih. The pres- We doling £ as the lowest valse of ba for which the

darivative of the largest order Hankel fanction Ky (ka)
retained in the series Eq. (5) is spproximately equal te
it gaymptotie form. ExXamination shows that this ro-

Rogers & Van Buren 1978
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gald) =0, d=a,.
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wero over the lnkctive part of the outside sarface of the
aphere, the part of the apherical shell for #= o, can be
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felds, i.9.,
still exist, Thus we seed retain only the active spher-
teal cap of cone ANgle &,. The redias of this cap (the
primary dimension of the transducer) is gives by
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terms of bb instead of ka. Thas we replace the sondl-
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the remainder of the paper refer Lo 0, a8 the outoll
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These arrays require no
complex DSP processing! Just
frequency independent
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&lty and ¢ the sound speed of the surrounding (lusd, asd
Euw/fc 18 Uhe wave mamber. The quantity [y is the peak
velooity, and u(e) in the dimorsionless velocity distribu-
tlon. The quanstities A, are the coelficientn in the ex-
panaioa of wlé) Lo the following series of Legendre poly-
nomlals F,{eon#),

quires that [1.4+0. 58V« 1)]/ba be small compared to

unity. The pressure on Use surface of the sphere is glv- »
en by Eq. (1) with R set equal to . The angular de=

peadence of the sarface pressure g,(#) will be approxi-

mately equal to the velocity distritution u(#) if ksl

hrlba) 18 approiimately ogual o it ssymptotic form. =
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of signal delays [5]. The 3D sound-field of CBT
circular-arc line arrays was analyzed by Keele in 2003

ircular-Arc Line Arrays,” presented at the 115th Convention of the Audio Engineering
Society, New York (Oct. 2003).
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Spherical-Cap CBT Transducers

Overview

100° Circular Spherical Cap . . .
Oblique View No Shading With Shading

1 for <86 P (cos@) for 6<§6
0 for 6>6, 0 for 6>6,

P

Side View

Provides extremely uniform fnolars above a certain
frequency which are independent of distance

Surface pressure distributioné, nearfield pressure pattern,
and farfield pressure pattern are all essentially the same!
No nearfield!

Don’t need the rest of the spéhere!

These line arrays provide incredibly even coverage with wide-band constant
beamwidth and directivity! Right-left, up-down and near-far! These arrays essentially
have no nearfield. The pattern is essentially independent of distance!

Simulation Results
e Curved Line Source (Circular Wedee Applied to
( 8¢) Cont. Ground-Plane

Circular-Arc Line

At specific heights, the variation of near-far SPL is
minimized because the trajectories approximately

eaigEt coincide with specific constant-pressure contours.
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ground-plane CBT array.
The listener listens on an
axis that is offset from the

main axis of the array.
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Conclusions: Advantages of CBT
Ground-Plane Array

Minimizes/eliminates detrimental floor reflections.
Extremely uniform coverage: up-down, right-left, and near-far.

Can be implemented without DSP, passive speaker-level
shading can be used.

Minimizes near-far variation of SPL at certain heights.

The beneficial effects of the ground-plane can be taken
advantage of in two ways:

Increase Effective Size:

. Doubles effective array height.

. Doubles array sensitivity (+6 dB).

. Doubles array maximum sound pressure level (SPL) capability (+6 dB).

Extends operating bandwidth down by an octave (or two depending on
how the beamwidth is defined).

Decrease Physical Size:

. Can half the physical height of the array but maintain the same
perfclc:urtr;?ance as the full-size free-standing array when a ground plane is
available.

Or a combination of the two!
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