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HIGH-FREQUENCY LOUDSPEAKER
MODULE FOR CINEMA SCREEN

PRIORITY

Benefit is claimed under 35 U.S.C. §119(e) of pending
provisional application 60/160,254 filed Oct. 19, 1999.

FIELD OF THE INVENTION

The present invention relates to the field of cinema sound
systems and more particularly it relates to structure of a
compression-driven high-frequency loudspeaker module
with improved waveguide structure and beamwidth com-
pensation for deployment behind a perforated cinema
screen.

BACKGROUND OF THE INVENTION

In general, in a cinema loudspeaker system the object and
the challenge to designers is to provide uniform coverage as
perceived at all seating locations in the theater with regard
to both loudness and flatness of frequency response, while
causing the perceived sound source to coincide acceptably
with the images projected on the screen.

A total screen array may utilize two or more speaker
systems, typically “stacks”, located side-by-side (e.g. left,
center and right); each of the stacks may be a three-way full
frequency range unit having high-frequency, midrange and
woofer portions. Typically, three multi-channel side-by-side
arrays (left, center and right) each receive a unique direc-
tional signal with the object of recreating a left-to-right
“sound stage” as accurately as possible

DISCUSSION OF RELATED KNOWN ART

FIG. 1 is graph showing a typical horizontal directivity
index for a high quality conventional cinema high-frequency
horn speaker as measured in free space, with no screen
present. The curve shown depicts the target requirement that
the frequency response of the directivity index should be
held essentially flat over the high-frequency range (500
Hz-15 kHz). Directivity index expresses the gain (10 dB) in
the peak direction on-axis, referred to an omnidirectional
source having the same radiated power. and implies a
corresponding beamwidth.

FIG. 2 is a graph showing the corresponding target value
of 100 for horizontal beamwith measured at -6 dB relative
to the on-axis peak, as being 100 degrees total i.e +/-50
degrees from the axis. As in FIG. 1 for directivity, the
objective is to hold the beamwidth constant over the fre-
quency range.

Typically for cinema loudspeakers the vertical directivity
pattern is made even more directional for coverage and
efficiency: typical beamwidths are about 90 to 100 degrees
horizontal by about 40 to 60 degrees vertical.

Traditionally cinema loudspeakers have been designed
and developed to approach the target requirements shown in
FIGS. 1 and 2 as nearly as possible, when tested alone
without any intervening cinema screen present.

The majority of motion picture exhibitors locate the
loudspeaker system behind a perforated vinyl screen in order
to preserve accuracy of sound sourcing. The small diameter
holes and resulting low ratio of open area combine to affect
sound propagation.

In the graphs of FIGS. 3 and 4 the curves shown represent
the frequency response of the directivity index and the
beamwidth of a conventional cinema high-frequency loud-
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speaker originally designed and developed to perform as
shown in FIGS. 1 and 2, when the loudspeaker is deployed
behind a perforated screen. In FIG. 3, at high frequencies
above about a few kHz the directivity index reduces with
increasing frequency up to about 10 Khz, where it has
dropped from 10 dB to about 6 dB, representing a substantial
loss of sound level (4 dB). The corresponding beamwidth,
shown in FIG. 4, increases due to the spreading caused by
the cinema screen to about 140 degrees at 8 kHz and about
190 degrees at 16 kHz, compared to the target value of 100
degrees.

These primary changes due to the screen affect the actual
performance as a loss of high-frequency sound level for
most or all of the audience as excessive spreading of the
high-frequency coverage pattern wastes sound energy in
unwanted directions and regions, ¢.g. the theater side walls
where it is dissipated as a combination of unwanted reflec-
tion and/or absorption.

This effect of the screen spreading the high frequencies
has been observed as a shortcoming in evaluating and
analyzing theater sound installations. It can sometimes be
alleviated by adjusting the equalization for more power at
the high frequencies, however often the amount of addition
power is unavailable, so that in general this effect has
remained an unsolved problem in the field of cinema sound
systems and loudspeakers of known art.

OBJECTS OF THE INVENTION

It is a primary object of the present invention, in the
design of a high-frequency loudspeaker for deployment
behind a perforated cinema screen, to provide compensation
for the effects of the screen perforations that decrease the
sound pressure level and that spread the coverage pattern at
the high-frequency end of the audio frequency spectrum.

It is a further object to accomplish defined coverage for all
high frequencies with the loudspeaker deployed behind the
screen.

It is still further object to provide a high-frequency
cinema loudspeaker that is compensated for deployment
behind a screen and that can be readily integrated in an array
with a midrange portion of a cinema sound system.

SUMMARY OF THE INVENTION

The abovementioned objects have been accomplished in
the present invention of a high-frequency cinema loud-
speaker that is configured with a waveguide to compensate
for the beam-spreading effects of a perforated cinema screen
at the high end of the frequency range and to facilitate and
coordinate integration with the other elements of a total
sound system in providing defined coverage in a theater.

The specially shaped waveguide provides uniform sound
directivity for high frequencies into the audience area by
narrowing the horizontal coverage at the higher frequencies
affected by the screen. The waveguide shape also provides
an asymmetric dispersion pattern in the vertical plane to
project the main axis of energy downwardly by an angle that
is selected to optimize audience coverage.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and further objects, features and advantages of
the present invention will be more fully understood from the
following description taken with the accompanying draw-
ings in which:

FIG. 1 is graph showing the target flat frequency response
of the horizontal directivity index of a conventional high-
frequency cinema loudspeaker, with no screen present.
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FIG. 2 is a graph showing the flat frequency response of
horizontal -6 dB beamwidth coverage of the loudspeaker of
FIG. 1.

FIG. 3 is a graph showing typical frequency response of
horizontal directivity index for a conventional high-
frequency cinema loudspeaker as in FIGS. 1 and 2 when it
is deployed behind a perforated cinema screen.

FIG. 4 is a graph showing the frequency response of
horizontal -6 dB beamwidth coverage relating to the graph
of FIG. 3.

FIG. § is a graph showing the target frequency response
of horizontal -6 dB beamwidth coverage for a high-
frequency cinema loudspeaker that has been compensated
for screen spreading in accordance with the present
invention, assuming a free space environment with no
screen present.

FIG. 6 is a graph showing target flat frequency response
of horizontal beamwidth for the compensated high-
frequency cinema loudspeaker concept of the present inven-
tion as in FIG. 5§ but with the loudspeaker deployed behind
a perforated cinema screen.

FIG. 7 is a cross-sectional side view, taken vertically
through the central axis, showing the inside surfaces of the
waveguide portion of a high-frequency loudspeaker embodi-
ment of the present invention.

FIG. 8 is a cross-sectional top view, taken horizontally
through the central axis, showing the shape of the inside
surfaces of the waveguide portion of the high-frequency
loudspeaker embodiment of the present invention.

FIG. 9 is a front elevational view of the loudspeaker
embodiment of FIGS. 5 and 6, showing the shape of the
inside surface at the frontal plane and at a transitional plane.

FIG. 10 shows the mathematical basis of the waveguide
wall shape configuration.

FIGS. 11A-C are polar graphs showing the horizontal
directivity of the high-frequency loudspeaker embodiment
of the present invention as in FIGS. § and 6, measured at 12
frequencies ranging from 1.25 kHz to 16 KHz.

FIG. 12 is a polar graph as in FIGS. 11A—C but showing
the corresponding vertical directivity at 8, 10, 12.5 and 16
kHz.

FIG. 13 is a graph showing the horizontal and vertical
beamwidths of the high-frequency loudspeaker embodiment
of the present invention as in FIGS. 5 and 6 with no screen
present, as a function of frequency.

DETAILED DESCRIPTION

FIGS. 14 have been described above in connection with
conventional high-frequency cinema loudspeakers of known
art. Typically such speakers are compression-driven horn
type speakers configured with inside surface contours that
are symmetrical about a central axis in both the vertical and
horizontal plane, and with cross sectional area that increases
along the central axis in a predetermined manner.

FIG. § is a graph showing the target frequency response
of horizontal -6 db beamwidth for the high-frequency
cinema loudspeaker of the present invention, as measured
with no screen present.

FIG. 6 is a graph showing the target flat frequency
response of horizontal -6 dB beamwidth as in FIG. 5 but
with the loudspeaker deployed behind a perforated screen.

This departure from conventional loudspeaker perfor-
mance is accomplished in the present invention mainly by
configuring the shape of the inside horn surface to form a
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waveguide that acts to reduce the beamwidth with increasing
frequency as shown in FIG. §, so that when the loudspeaker,
compensated in this manner, is deployed behind a perforated
screen, the beamwidth will be remain substantially constant
at the desired nominal value, 100 degrees, over the full
frequency range as shown in FIG. 6

FIG. 7 is a cross-sectional side elevation showing the
inside surface of the waveguide portion of a high-frequency
loudspeaker 10 in an illustrative embodiment of the present
invention, taken through the central axis. The opposing
upper and lower wall surfaces 10B and 10C are configured
with only a slight curvature that increases from the driven
end 10A to a vertical transitional plane 10D located at
approximately 90% of the total waveguide length, where the
flare shape transitions in a smooth tangential manner to a
greater curvature extending tangentially to the exit opening
at the vertical front plane 10E of the loudspeaker 10, from
which a flat surface extends vertically to the housing edge
10F.

The waveguide of high-frequency loudspeaker 10 is made
vertically asymmetrical as shown so that the central axis
inclines downwardly at an angle A that is made to be 5
degrees in the illustrative embodiment, as part of the overall
configuration for optimal coverage.

FIG. 8 is a cross-sectional top view showing the inside
surface of the portion of the high-frequency loudspeaker
horn of the present invention as in FIGS. 5-7, taken through
the central axis. The sidewall surfaces 10G and 10H are seen
to be symmetrical, to flare at a wider angle and to have
greater curvature than the top and bottom walls shown in
FIG. 7.

FIG. 9 is a front elevational view of the loudspeaker 10 of
FIG. 8 showing the cross sectional shape of the waveguide.
At the driven end 10A the shape is a circle of 1" or 1.5"
diameter for engaging a conventional compression driver.
The waveguide shape evolves smoothly to the transitional
plane 10D, where the shape is “keystone”-like with the
sidewalls 10G and 10H curving inwardly as shown as well
as inclining toward each other at a varying upward conver-
gence angle B as shown, in order to contribute to the
attainment of the desired overall uniform high-frequency
coverage pattern.

The waveguide shape then evolves tangentially in an
increased curvature in the flange region to form an exit
opening that blends tangentially to vertical surfaces of the
frontal plane 10E, which extend to the enclosure edges 10F.

The waveguide surfaces 10B, 10C, 10G and 10H, are
shaped according to polynomial equations as shown in FIG.
10.

FIGS. 11A-C are polar graphs showing the horizontal
directivity of the high-frequency loudspeaker embodiment
of the present invention as in FIGS. § and 6, measured at 12
frequencies ranging from 1.25 kHz to 16 KHz with no
screen present.

FIG. 12 is a polar graph as in FIGS. 11 A-C but showing
the corresponding vertical directivity at 8, 10, 12.5 and 16
kHz.

FIG. 13 is a graph showing the horizontal and vertical
beamwidths of the high-frequency loudspeaker embodiment
of the present invention as in FIGS. § and 6, measured at 12
frequencies ranging from 1.25 kHz to 16 KHz with no
screen present. FIG. 13 shows the horizontal beamwidth to
be narrowed to about 70 degrees at 10 kHz and to about 63
degrees at 16 kHz, relative to 90 degrees at 1.25 kHz, to
compensate for a corresponding amount of anticipated
screen spreading, so that when the loudspeaker unit is
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deployed behind a perforated screen, its spreading effect will
increase and converge these values, bringing them up to
approximately the target value of 100 degrees as shown in
FIG. 6. Thus the shaping of the waveguide described above
is disclosed as an illustrative embodiment that has proven
successful in meeting the objectives of the invention.

The principle of the invention, i.e. compensating a loud-
speaker for screen spreading at high-frequency by config-
uring the waveguide in a manner to narrow the beamwidth
with increasing frequency, may be implemented with alter-
native shaping of the waveguide that may yield equivalent
results

The 5 degree downward inclination of the central axis as
shown in the illustrative embodiment is not essential for
practicing the invention: this is a refinement that may be
“fine-tuned” for optimization according to particular cir-
cumstances.

Similarly the value of the upward convergence angle B
(FIG. 9), the asymmetry of the upper and lower waveguide
walls 10B and 10C (FIG. 7) and the symmetry of sidewalls
10G and 10H as shown in the illustrative embodiment are
subject to “fine-tuning” for particular circumstances and
objectives: the invention can be practiced with variations
thereof.

This invention may be embodied and practiced in other
specific forms without departing from the spirit and essential
characteristics thereof. The present embodiments therefore
are considered in all respects as illustrative and not restric-
tive. The scope of the invention is indicated by the appended
claims rather than by the foregoing description. All
variations, substitutions, and changes that come within the
meaning and range of equivalency of the claims therefore
are intended to be embraced therein.

What is claimed is:

1. An improved high-frequency loudspeaker module of
the compression-driven type for deployment behind a per-
forated cinema screen of a theater to provide uniform sound
coverage across a designated high-frequency audio range in
a target auditorium area of the theater, comprising:

a compression driver; and

an acoustic waveguide having a sound entry end coupled
acoustically and mechanically to said compression
driver, said acoustic waveguide being configured inter-
nally to have a horn shape, disposed about a central
axis, with a cross-sectional area that increases smoothly
and progressively from the sound entry end and extend-
ing through a mid region to an enlarged flared sound
exit end constituting an acoustic output port, the inter-
nal horn shape being made and arranged to provide, as
measured in the absence of the perforated screen, a
directivity pattern of the loudspeaker module alone that
is made to decrease in beamwidth as a function of
frequency within the high-frequency audio range in a
manner that approximates an inverse function of beam-
spreading effects of the perforated screen, so that when
the loudspeaker module is deployed behind the perfo-
rated screen facing the theater auditorium target area,
compensation is provided for high-frequency beam-
spreading effects of the perforated cinema screen to
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accomplish overall an unusually high degree of unifor-
mity in audio coverage throughout the target area.
2. The improved high-frequency loudspeaker module as
defined in claim 1 wherein;

said waveguide is configured to have an internal cross-
sectional shape, taken perpendicular to the central axis,
that transitions from a generally circular shape at the
small end to a generally horizontally-elongated rectan-
gular shape with rounded corners through a mid region
to the sound exit end; and

the internal cross-sectional shape is made to increase in
area from the sound entry end to the sound exit end in
a manner that causes a predetermined decrease in
beamwidth as a function of frequency for compensating
beam spreading effects of the perforated screen.

3. The improved high-frequency loudspeaker module as
defined in claim 2 wherein said acoustic waveguide is
configured, oriented and arranged to create a horizontal
sound directivity pattern characterized by beam width that
decreases with upward projection angles above horizontal
and that increases with downward projection angles below
horizontal so as to enhance uniformity of sound coverage
throughout the target area.

4. The improved high-frequency loudspeaker module as
defined in claim 3 wherein:

said high-frequency loudspeaker module is deployed with
the main axis directed at a predetermined downward
angle relative to horizontal; and

the sound exit end of said acoustic waveguide is config-
ured with a peripheral front edge located in a vertical
front plane for disposition behind the perforated screen,
substantially parallel thereto.
5. The improved high-frequency loudspeaker module as
defined in claim 4 wherein said acoustic waveguide is
configured to have an internal shape characterized by:

a round cross-section taken at the sound entry end;

a transitional cross-section, taken at a transitional plane
located parallel with the front plane and displaced a
predetermined setback distance therefrom, that is made
to be horizontally-elongated and generally rectangular
in shape with rounded corners, having greater width in
a bottom region thereof than in top region thereof, thus
forming an inverted keystone shape resulting from the
downward angle of inclination of the main axis; and

a frontal cross-section, taken at the front plane, that is
made to be horizontally-elongated and generally rect-
angular in shape with rounded corners;

said acoustic waveguide being shaped internally to tran-
sition smoothly from the sound entry end, through the
transitional plane to the front plane.

6. The improved high-frequency loudspeaker module as
defined in claim 1, configured and arranged to be mounted
onto and deployed in conjunction with a companion loud-
speaker module operating in a frequency range below the
designated high-frequency audio range, as part of a total
theater sound system.



