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FIG. 2

(57) Abstract: A system and method for delivering full-bandwidth sound to an audience in an audience space located in front of an
acoustically reflective image screen such as a plasma, LCD, LED, or OLED screen. The sound delivery system provides for two separate
and spatially displaced sound sources, namely, a high frequency loudspeaker (27) for reproducing high frequency components of the
sound associated with images displayed on the acoustically reflective image screen, and a separate low frequency loudspeaker (29) for
reproducing low frequency components of the image-associated sound. The high frequency loudspeaker or loudspeakers are positioned
in front of the image screen to direct the high frequency components of the sound at the image screen (25) where it is reflected back
into the audience space, whereas the low frequency loudspeaker or loudspeakers are positioned at or about the acoustically reflective
image screen to direct the low frequency components of the sound toward the audience space (12).
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System and Method for Delivering Full-Bandwidth Sound
to an Audience in an Audience Space

Background Art

{0001] The present invention generally relates to sound systems, and more particularly to
sound systems that produce sound that is spatially and contextually associated with images
displayed on an image screen. The invention has particular application in cinemas where an
audience sitting in front of a cinema screen views a movie, documentary or other content
on the screen while hearing an associated soundtrack through loudspeakers strategically
nlaced within the cinema space. However, it will be seen that the invention may be adapted
to any application where sound associated with an image or images, whether moving or
static, must be delivered to an audience—whether an audience of one or many—in such a
manner that the sound appears to come from the image or the general area of the image.
{0002] There is a long history of projecting movie images onto a projection screen which
reflects the images back into an audience space for the audience’s viewing. Such is the
typical movie house. in the typical movie house, the movie screen is substantially
transparent to sound and the soundtrack associated with the movie is normally played back
through loudspeakers placed behind the projection screen. Additional loudspeakears might
he added to the sides of the audience space for surround sound effects, but the main sound
comes from, and importantly is perceived by the audience to come from, the projection
screen where the images are displayed.

{0003] With the maturing of new light emissive screen technologiss, such as plasma, 1CD,
LED, and OLEDs, light emissive screens are becoming practical and cost effective for cinema
exhibition and are seen as a viable replacement for the traditional light reflecting projection
screens. (LCDs screens are sometimes referred to as “transmissive” displays as the LCD
layer of the screen transmits light produced by a backlight.) These newer screen
technologies have seen widespread use in such applications as home theaters and meeting
and conference spaces. However, the difficulty with light emissive screens is that they are
not to any useful extent transparent to sound. This presents problems in creating the
desired association of sound to image display in large screen applications. And it presents
particular problems in cinema applications and meeting cinema standards for the canter

channel sound, which is normally achieved using behind-the-screen loudspeakers. A
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solution is needed for making sound appear to come from an emissive screen that does
not require placement of the loudspeakers behind the cinema screen, yet
accomplishes the objective of making the audience believe the sound is coming from

the screen.

Summary of Invention

[0003a] ltis an object of the present invention to substantially overcome, or at least

ameliorate, one or more disadvantages of existing arrangements.

[0003b] In a first aspect, the present disclosure may provide a system for delivering full-
bandwidth sound to an audience in an audience space located in front of an
acoustically reflective image screen, wherein the acoustically reflective image screen
displays one or more static or moving images viewed by the audience and wherein the
full-bandwidth sound delivered to the audience is spatially and contextually associated
with the images displayed on the image screen, said system comprising: one or more
high frequency loudspeakers for receiving and reproducing high frequency components
of the sound associated with the images displayed on the acoustically reflective image
screen, one or more low frequency loudspeakers for receiving and reproducing low
frequency components of the sound associated with the images on the acoustically
reflective image screen, a cross-over for splitting a full-bandwidth audio input signal
into high and low audio signal inputs for, respectively, the one or more high frequency
loudspeakers and the one or more low frequency loudspeakers, said one or more high
frequency loudspeakers being positioned in front of the acoustically reflective image
screen and being angled toward the image screen such that the sound emitted by the
one or more high frequency loudspeakers in response to the high audio signalinputis
reflected off of the image screen, said one or more high frequency loudspeakers having
a polar pattern meeting the following criteria: within its operating frequency range the
polar pattern is large enough in the horizontal direction that sound from the one or more
high frequency loudspeakers that is reflected from the image screen covers the
audience space, yet is small enough in the vertical direction that direct sound from the
one of more high frequency loudspeaker does not extend into the audience space, and

said one or more high frequency loudspeakers providing substantially the only high
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frequency sound associated with the images displayed on the acoustically reflective
image screen that reaches the audience space wherein the sound that is associated
with the images displayed on the acoustically reflective image screen that reaches the
audience is reflected sound only, said one or more low frequency loudspeakers being
positioned at or about the acoustically reflective image screen and being directed such
that low frequency sound produced by the one or more low frequency loudspeakers in
response to the low audio signal input is received by the audience as direct sound, and
delay compensation in front of the one or more low frequency loudspeakers for
delaying the sound produced by the one or more low frequency loudspeakers relative to
the sound produced by the one or more high frequency loudspeakers to time-align the
direct sound from the one or more low frequency loudspeakers arriving at the audience
space with the arrival of sound from the one or more high frequency loudspeakers that

is reflected from the image screen.

[0003c] In a second aspect, the present disclosure may provide a method for delivering
full-bandwidth sound to an audience in an audience space located in front of an
acoustically reflective image screen, wherein the acoustically reflective image screen
displays one or more static or moving images viewed by the audience and wherein the
full-bandwidth sound delivered to the audience is spatially and contextually associated
with the images displayed on the image screen, said method comprising: from a
position in front of the image screen, directing toward the image screen the high
frequency components of the sound associated with the images displayed on the
acoustically reflective image screen in a polar pattern that is large enough in the
horizonal direction that the high frequency components of sound associated with the
onhe or more static or moving images displayed on the acoustically reflective image
screenis large enough that the high frequency components of sound that are reflected
from the image screen covers the audience space, yet is small enough in the vertical
direction that the high frequency components of sound that are reflected from the
image screen direct sound do not extend directly into the audience space such that
high frequency components of the sound associated with the one or more static or
moving images displayed on the acoustically reflective image screen arrive at the

audience as reflected sound only, from a position at or about the acoustically reflective
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image screen, directing toward the audience the low frequency components of the
sound associated with the images on the acoustically reflective image screen such that
low frequency components of the sound arrive at the audience as direct sound, and
delaying the low frequency component of the full-bandwidth sound relative to the high
frequency component of the full-bandwidth sound to time-align these two components

of the with full-bandwidth sound when they arrive at the audience.

[0004] The invention is directed to a system and method for delivering full-bandwidth
sound to an audience in an audience space located in front of an acoustically reflective
image screen, and particularly an acoustically reflective image screen that is relatively
large. The image screen could be a light emissive screen that produces its own image
such as a large plasma, LED, or OLED screen or a projection screen capable of
reflecting sound at higher frequencies, for example above 500Hz. The system and
method of the invention will enable full-bandwidth sound to be delivered to the
audience that is spatially and contextually associated with the images displayed on the
image screen, and particularly will make it seem as if the full-bandwidth sound is
coming from the image screen. The system and method of the invention replicates the
experience of a traditional behind-the-screen speaker in circumstances where it is not

possible to put a speaker behind the screen.

[0005] The system of the invention comprises two separate and spatially displaced
sound sources, hamely, a high frequency loudspeaker for receiving and reproducing
high frequency components of the sound associated with the images displayed on the
acoustically reflective image screen, and a separate low frequency loudspeaker for
receiving and reproducing low frequency components of the image-associated sound.
A cross-over splits a full-bandwidth audio input signal into high and low frequency
components for driving the high frequency loudspeaker and the low frequency
loudspeaker. It is contemplated that in most implementations of the invention more
than one high frequency loudspeaker and more than one low frequency loudspeaker
will be used, however, the invention is not intended to be limited to the use of any

particular number of high or low frequency loudspeakers.
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[0006] In accordance with the invention, the high frequency loudspeaker (or
loudspeakers) is positioned in front of the acoustically reflective image screen and
angled toward the image screen such that the sound emitted by the high frequency
loudspeaker in response to the audio signal input is reflected off of the image screen.
The high frequency loudspeaker will have a polar pattern meeting the following criteria:
the polar patternis large enough that sound from the high frequency loudspeaker that is

reflected from the image screen
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covers the audience space, vet is small enough that direct sound from the high frequency
loudspeaker does not extend into the audience space. The low frequency loudspeaker is on
the other hand positioned at or ahout the acoustically reflective image screen and is
directed such that low frequency sound produced by the low frequency loudspeakerin
response to the audio signal input is received by the audience as direct sound from the low
frequency loudspeakers. Thus, the audience’s audio experience related to the image or
irages on the image screan is determined by the combining of the high frequency
components of the sound reflected from the image screen with the low frequency
components of the sound received directly from the low frequency loudspeaker as that
combined sound reaches the audience. The cross-over from the low freguency to the high
frequency components of the sound will preferably be in a range of about 350 to about
1000Hz, however, it is contemplated that cross-over could occur as low as about 150 Hz and
as high as 1500 Hz.

{00071 To compensate for differences in length of the acoustical paths over which the
reflected and direct components of sound must travel to reach the audience, a signal delay
is placed in front of the low frequency loudspeaker{s}. This delay will time-align the direct
sound from the low freguency loudspeaker arriving at the audience space with the arrival of
sound from the high frequency loudspeaker that is reflected from the display screen.

{3008] Preferably, the high frequency loudspeaker or loudspeakers will be located at a
distance in front of the image screan no greater than the distance the audience is from the
display screen, and preferably at a distance that approximately corresponds 1o the front row
of the audience. This placement of the high frequency loudspeaker will avoid the risk that
any portion of the audience would hear both reflected and direct sound from the high
frequency loudspeaker.

{0009] In accordance with the method of the invention, full-bandwidth sound s delivered to
an audience in an audience space located in front of an acoustically reflective image screen
that displays one or more static or moving images viewed by the audience. Full-bandwidth
sound delivered to the audience is spatially and contextually associated with the images
displayed on the image screen. From a position in front of the image screen, the high
frequency components of the sound associated with the images displayed on the

acoustically reflective image screen are directed at the image screen such that high
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frequency components of the scund arrive at the audience as reflected sound only. From a
different position, namely, at or about the acoustically reflective image screen, low
frequency components of the sound associated with the images on the acousticaily
reflective image screen are directed at the audience such that the low freguency
compoenents of the sound arrive at the audience not as reflected sound but as direct sound,
that is, as sound travelling directly to the audience from its source. To time-align these two
components of the full-bandwidth scund when they combine and arrive at the audience,
the low frequency component of the full-bandwidth sound is delayed relative to the high
frequency compeonent of the full-bandwidth sound. The combined and time-aligned
frequency components of the full-bandwidth sound are perceived by the listener as coming
from a single source spatially located in the area of the screen.

{68107 Thus, the system and method of the invention solves the problem of creating a
desired sound sxperience associated with image displays, such as movies or video
prasentations, whare image screens are used which prevents the conventional deployment
of loudspeakers behind the image screen.

Brief Description of the Drawings

{0011] Fig. 1 is an elevational view of an exhibition room, such as a movie house, with a
conventional sound-transparent movie screen and a loudspeaker behind the movie screen
such that the audience receives the full bandwidth sound as direct sound.

{0012} Fig. 2 is an elevational view of an exhibition room such as shown in Fig. 1 with an
acoustically reflective image screen and an exemplary vertical plane deployment of separate
high frequency and low frequency loudspeakers in accordance with the invention.

[0013] Fig. 3 is the same elevational view thereof showing an alternative vertical plane
deployment of the low frequency loudspeaker.

{0014] Fig. 4 is the same elevational view thersof showing an exemplary vertical plane
deployment of two low frequency loudspeakers instead of one low frequency loudspeaker.
{0815] Fig. 5 is a plan view of an exhibitien room such as iilustrated in Figs. 2-4 showing the
deployment of a single center channel high freguency loudspeaker and a single center

channel low frequency loudspeaker in the horizental plane.
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{0016} Fig. £ s a plan view of an exhibition room such as shown in Figs. 2-5 illustrating an
exemplary horizontal plane deploymant of three high freguency and three low frequency
loudspeakers in accordance with the invention.

{0017] Fig. 7 is a block diagram for an exemplary implementation of signal processing for
the audio signals that drive the separate high and low frequency loudspeakers in accordance
with the system and method of the invention.

Best Mode for Carrving Out the Invention

{3018} The embodiments of the invention illustrated in the accompanying drawings show
the implementation of the invention in an audience space such as a movie house with a light
emissive image screen {image screen).  Howevar, it will be understood that the invention is
not limited to the video display of images. For instance, a museum might use a loudspeaker
system in accordance with the invention to associate sound with a static image or dicrama
to make it appear that the sound is coming from the image or dicrama. What is required is
a surface that will reflect high frequency acoustic energy to a sufficient extent that this
component of the desired broader bandwidth sound can be heard with reasonable clarity by
an audience located in front of the surface. The surface acts as an image screen. Thus, as
used herein, “image screen” shall mean any surface on which a moving or static image or
images can be displayed either by projecting the images onto the surface or by producing
images on the surface through any light emission technology, currently known or unknown.
{0019} Referring now to the drawings, Fig. 1 shows a building 10 with an exhibition room 11
having an audience space 12 with an audience 13 seated in the audience space. Fig. 1is
representative of a movie house or meeting room in which there is a conventional sound
transparant projection screen 15 onto which an image, such as a movie image, is projected
by a projector 17 behind the audience as depicted by dashed projection light cone lines 18.
Aloudspeaker 21, in this case a full range loudspeaker, is positionad behind the sound
fransparent image screen and pointed toward the audience. The sound emitted from this
behind-the-screen loudspeaker is emitted in a coverage {polar) pattern depicted by solid
sound cone fines 23, and it is seen that the coverage pattern s broad enough to cover the
entire audience, including the front row 14 of the audience. In this conventional sound

system design, the scund heard by the audience comes from behind the projection screen,
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As a consequence, the sound system achieves the desired result of having the sound
spatially assoclated with the images on the screen,

{0020] It is noted that in Fig. 1, as in the following figures, the audience seating
arrangement is a representative arrangement only for illustrative nurposes. Seating
arrangements can vary widely in configuration and size and can include balcony spaces. The
loudspeaker selection and deployment would require that these different audience seating
configurations and audience sizes be taken into account. ideally, the loudspeaiker system
design will provide uniform coverage over the entire audience space.

{0021] Figs. 2-5 illustrate a building 10 with an exhibition rcom 11 similar to the exhibition
room shown in Fig. 1, however, in this exhibition room, instead of a sound transparent
projection screen there is an image screen in the form of image screen 25 which is not
transparent to sound but rather reflects sound. Because the image screan provides no or
fittle sound transparency, a sound system capable of spatially associating full-bandwidth
sound with the images on the screen viewed by the audience 13 cannot rely an
loudspeakers placed behind the image screen.

{0022] In Figs. 2-5, the solution provided by the present invention is illustrated. As shownin
these figures, twao separate loudspeakers 27, 29 {which can also be referred to as
“transducers” or “drivers”) are physically displaced from each other, one at a distance in
front of the image screen 25 and the other in the vicinity of the image screen. Neitheris
placed behind the image screen. The first of these two separate loudspeakers, the one
denocted by the numeral 27 and which is positioned in front of the image screen, is a high
frequency loudspeaker, sometimes referred to herein as a “high loudspeaker,” This
loudspeaker reproduces the high frequency component of the audio programming for the
images displayed on the image screen, and is angled toward the image screen such that the
image screen, which again is acoustically reflective, reflects the high frequency component
of the sound coming from this loudspeaker back to the audienca.

{0623] Figs. 2-5 iliustrate how the depioyment of the high frequency loudspeaker in front of
the image screen is tantamount to having a high frequency loudspeaker at the same height
and distance behind the image screen. This can be referred to as a “virtual” loudspeaker as

it does not physically exist but rather illustrates how the coverage of a loudspeaker placed
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behind a conventiona! sound transparent image screen can be replicated froma
loudspeaker In front of an image screen that s not transparent to sound.

{0024] The virtual ioudspeaker is depicted in Figs. 2-5 by the dashed-line phantom
loudspeaker 27p. The coverage of the real loudspeaker 27 is represented by solid lines 314,
31b, where lines 31a represent the travel of direct sound from loudspeaker 27 to the image
screen and lines 31b represent the travel of the sound reflected from the image screen o
the audience, The coverage of the sound travelling from the virtual loudspeaker 27p behind
the image screen is represented by dashed lines 33 behind the screen and solid lines 31b to
the front of the screen. Itis seen that in front of the image screen the coverage provided by
the virtual loudspeaker 27p is equivalent to the coverage provided by real loudspeaker 27,
As will be further discussed below, it is important that the high frequency loudspeaker be
directional and have a polar pattern that conforms to certain limitations to achieve a
dasired coverage,

{0025] The second of the two required loudspeakars, denoted by the numeral 28, is a low
frequency loudspeaker {sometimes referred to herein as a “low loudspeaker”). This
loudspeaker reproduces low frequency components of the audio programming for the
images displayed on the image screen, As seen in Fig, 2, it is positioned directly above the
image screen and pointed outwardly toward the audience so that the audience receives
sound from this loudspeaker directly from the speaker. Loudspeaker 29 will excite room
reverberations as would a low freguency loudspeaker speaker positioned behind a video
projection screen. Because the human ear has difficulty in locating the source of low
frequencies, the low frequency components of the audio programming for the images can
readily be associated with the screen images despite that fact that the loudspeaker is not
located directly behind the display screen.

{0026] It will be appreciated that the low frequency loudspeaker or loudspeakers can he
deployed in positions other than the location shown in Fig. 2. Exemplary alternatives for
deployment of the low frequency loudspaakers are shown in Figs. 3-4, where Fig. 3 shows
two low frequency loudspeakers, one {foudspeaker 29} deployed above the image screen as
in the low loudspeaker deployment illusirated in Fig. 2, and the other {loudspeaker 30}
daployed below the image screen. Fig. 4 illustrates a deployment consisting of a single low

frequency loudspeaker 30 below the image screen. Any number of low frequency

~d
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loudspeakers can be deployed in the general vicinity of the image screen for the purpose of
producing the direct low frequency sound heard by the audience.

{0027] As above-menticned, apart from its location and pointing angle, the high frequency
loudspeaker 27 must be directional. Within its operating frequency range, its directivity in
both the vertical and horizontal planas should be wide enough that the sound reflected
from the image screen covers the audience. But its vertical directivity must not be so wide
as to extend into the audience space, as exposure to the direct sound in addition {o the
reflected sound would be a highly distracting and unpleasant experience to anyone in the
audience. The cut-off angle denoted “A” in Fig. 3 is seen to satisfy this requirement. ldeally,
the SPL levels of the sound produced by the high loudspeaker will decrease rapidly at this
cut-off angle. It also should not produce side lobes of any significance that would cause any
significant amount of direct sound to leak into the audience space.

{3028] The distance at which the high frequency loudspeaker is positioned in front of the
screen is a consideration in achieving the above-described objectives. Generally, the high
loudspeaker cannot be too close to the screen as it would become difficult to achieve
desired coverage of the audience and the speaker might visually obstruct sight lines to the
image screen, Onthe other hand, locating the high loudspeaker toe far from the screen
risks placing portions of the audience within the direct radiation pattern of the loudspeaker.
Preferably, the high loudspeaker will be located at a distance in front of the image screen
that approximately corresponds to the front row 14 of the audience 13 as shown in Figs. 2-
6; however, with suitable directionality and the absence of significant side lobes, it could be
located behind this position.

[0029] Wherever positioned, both the vertical and horizontal directivity of the high
frequency loudspeaker used in the system and method of the invention will normally be
narrower than the vertical and horizontal directivity of & traditional behind-the-screen
speaker. This is because the distance the sound from the high loudspeaker 27 must travel
o reach the audience is substantially ionger than a direct path taken by sound produced by
a behind-the-screen loudspeaker. The needed directivity can be achieved with
commercially available horn loudspeakers or by direct radiator line arrays where the

directivity is achieved using signal processing instead of with a horn,
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{0030] The needed directivity, however, cannot be achieved at low frequencies. Typically, it
is impractical to achieve meaningful directivity from a loudspeaker at frequencies much
below 500Hz. Providing spatially separated high and low frequency sound sources as
described herein provides a solution to this problem.  In implementing the system and
method of the invention, the cross-over between the high and low loudspeakers 27, 29 can,
within limits, occur above and below 500 Hz. Preferably, cross-over will occur somewhere
within the range of about 250Hz to about 1000Hz, however, it is contemplated that an
effective systermn could be implemented with cross-over occurring as low as 150Hz and as
high as 1500Hz.

[0831] Finally, the invention provides for delaying the sound produced by the low frequency
transducer in order to time-align the sound coming from the low frequency loudspeaker 29
with the sound coming high frequency loudspeaker 27, the iatter of which has a longer path
to travel before it reaches the audience. Magnitude and phase equalization can be applisd
1o the signal inputs for the low and high loudspeakers so that they sum in phase in the range
of the cross-over frequencies. Additionally, magnitude and phase equalization may be
applied to the overall signal to account for boundary loading to synchronize the sound to
the viden, and for other purposes,

{(3032] Fig. & illustrates a system in accordance with the invention viewed in the horizonal
plane, which is comprised of three high frequency, directional loudspeakers deployed in
front of image screen 25, namely, center channe! high loudspeaker 27 and left and right
channel loudspeakers 27a and 27b. The criteria for the deployment and directional
characteristics of these three high frequency loudspeakers, which can be represented by
their virtual cousins 27p, 27ap and 27bp, is the same as described above in connection with
a system having only a single high frequency loudspeaker. See Figs. 2-5. The system
iHustrated in Fig. 61s also sean to have three low frequency loudspeakers 29, 293, 29b,
which are deployed in the vicinity of the image screen. As in the exemplary systems shown
in Figs. 2-5, the low icudspeakers that face the audience can be positioned above or helow
the image screen or both above and below the image screen. They could also be positioned
elsewhere anywhere around the image screen.

{0033] Fig. 7 shows an exemplary implementation of the signal processing that can be used

in connection with the system and method of the invention. Shown is an audio input signal
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40 being nassed through a cross-over 41, which splits the audio input into low and high
frequency components, The high frequency component is sent to the high frequency
loudspeaker 27 as a high audio signal input via high frequency channel 43 while the low
frequency compenent is sent to the low frequency loudspeaker 29 as a low audio signal
input via low frequency channel 45, Each of these channels suitably contains its own phase
and amplitude correction, as represented by the phase correction blocks 47, 4% and
amplitude correction blocks 51, 53, iny addition, the signal procassing In the low frequency
channel provides a delay function wherein the low audio signal input to low frequency
loudspeaker 29 is delayed relative to the high audio signal input to the high frequency
loudspeaker 27. The delay compensation in the low channel, which is represented in Fig. 7
by block 55, corrects for the longear path the sound from the high loudspeaker has to travel
1o reach the audience, as dascribed above.

{0034] it will be appreciated that the functions of the signal processing illustrated In Fig. 7
can be implementad in a variety of different ways using analog circuits or digital signal
processing. tmplementation of the circuit blocks itlustrated in Fig. 7 can be achieved with
known circuit design and/or digital filters by persons of ordinary skill in the art.

{0035] While the system and method of the invention has been described in considerable
detail in the foregoing specification and accompanying drawings, it is not intended that the
invention be limited to such detail, It will be readily apparent to persons of ordinary skill in
the art that variations of the described embodiments are possible without departing from
the spirit and scope of the invention as reflected in the following claims. Noris the system
and method of the invention intended to be limited the application described herein, Other
applications, whether currently known or unknown, are or in the future may be possible,
again without departing from the spirit and scope of the invention as reflected in the

following claims.

10
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CLAIMS

1. Asystem for delivering full-bandwidth sound to an audience in an audience
space located in front of an acoustically reflective image screen, wherein the
acoustically reflective image screen displays one or more static or moving images
viewed by the audience and wherein the full-bandwidth sound delivered to the
audience is spatially and contextually associated with the images displayed on the
image screen, said system comprising:

one or more high frequency loudspeakers for receiving and reproducing high
frequency components of the sound associated with the images displayed on the
acoustically reflective image screen,

one or more low frequency loudspeakers for receiving and reproducing low
frequency components of the sound associated with the images on the acoustically
reflective image screen,

a cross-over for splitting a full-bandwidth audio input signal into high and low
audio signalinputs for, respectively, the one or more high frequency loudspeakers and
the one or more low frequency loudspeakers,

said one or more high frequency loudspeakers being positioned in front of the
acoustically reflective image screen and being angled toward the image screen such
that the sound emitted by the one or more high frequency loudspeakers in response to
the high audio signal input is reflected off of the image screen, said one or more high
frequency loudspeakers having a polar pattern meeting the following criteria: within its
operating frequency range the polar pattern is large enough in the horizontal direction
that sound from the one or more high frequency loudspeakers that is reflected from the
image screen covers the audience space, yet is small enough in the vertical direction
that direct sound from the one of more high frequency loudspeaker does not extend
into the audience space, and said one or more high frequency loudspeakers providing
substantially the only high frequency sound associated with the images displayed on
the acoustically reflective image screen that reaches the audience space wherein the
sound that is associated with the images displayed on the acoustically reflective image

screen that reaches the audience is reflected sound only,
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said one or more low frequency loudspeakers being positioned at or about the
acoustically reflective image screen and being directed such that low frequency sound
produced by the one or more low frequency loudspeakers in response to the low audio
signal inputis received by the audience as direct sound, and

delay compensation in front of the one or more low frequency loudspeakers for
delaying the sound produced by the one or more low frequency loudspeakers relative to
the sound produced by the one or more high frequency loudspeakers to time-align the
direct sound from the one or more low frequency loudspeakers arriving at the audience
space with the arrival of sound from the one or more high frequency loudspeakers that

is reflected from the image screen.

2. The system of claim 1 wherein the crossover between the high and low inputs for
the one or more high frequency loudspeakers and the one or more low frequency

loudspeakers occurs between about 150 Hz and about 1500 Hz.

3. The system of claim 1 wherein the crossover between the high and low inputs for
the one or more high frequency loudspeakers and the one or more low frequency

loudspeakers occurs between about 350 Hz and about 1000 Hz.

4. The system of claim 1 wherein the one or more high frequency loudspeakers one
or more horn loudspeaker having a polar pattern that meets the polar pattern criteria

recited in claim 1.

5. The system of claim 1 wherein the one or more high frequency loudspeakers are
line array loudspeakers having a polar pattern that meets the polar pattern criteria

recited in claim 1.

6. The system of claim 1 wherein the one or more high frequency loudspeakers is
positioned in front of the acoustically reflective image screen at a distance that is
approximately no greater than the distance the front audience space is from the image

screen.
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7. The system of claim 1 wherein the one or more low frequency loudspeakers are

positioned above the image screen pointing toward the audience space.

8. The system of claim 1 wherein the one or more low frequency loudspeakers are

positioned below the display screen pointing toward the audience space.

9. The system of claim 1 wherein the one or more low frequency loudspeakers are

positioned behind an opening in the image screen pointing toward the audience space.

10. Amethod for delivering full-bandwidth sound to an audience in an audience
space located in front of an acoustically reflective image screen, wherein the
acoustically reflective image screen displays one or more static or moving images
viewed by the audience and wherein the full-bandwidth sound delivered to the
audience is spatially and contextually associated with the images displayed on the
image screen, said method comprising:

from a position in front of the image screen, directing toward the image screen
the high frequency components of the sound associated with the images displayed on
the acoustically reflective image screen in a polar pattern that is large enough in the
horizonal direction that the high frequency components of sound associated with the
onhe or more static or moving images displayed on the acoustically reflective image
screenis large enough that the high frequency components of sound that are reflected
from the image screen covers the audience space, yet is small enough in the vertical
direction that the high frequency components of sound that are reflected from the
image screen direct sound do not extend directly into the audience space such that
high frequency components of the sound associated with the one or more static or
moving images displayed on the acoustically reflective image screen arrive at the
audience as reflected sound only,

from a position at or about the acoustically reflective image screen, directing
toward the audience the low frequency components of the sound associated with the
images on the acoustically reflective image screen such that low frequency

components of the sound arrive at the audience as direct sound, and
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delaying the low frequency component of the full-bandwidth sound relative to
the high frequency component of the full-bandwidth sound to time-align these two

components of the with full-bandwidth sound when they arrive at the audience.

Meyer Sound Laboratories, Incorporated
Patent Attorneys for the Applicant/Nominated Person

SPRUSON & FERGUSON
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