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NARROW PROFILE SPEAKER
CONFIGURATIONS AND SYSTEMS

RELATED APPLICATION INFORMATION

This application is a continuation-in-part application of
U.S. application Ser. No. 10/339,357 filed Jan. 8, 2003, which
is a continuation-in-part application of utility application
U.S. application Ser. No. 10/074,604 filed on Feb. 11, 2002
now U.S. Pat. No. 7,254,239, (which claims the benefit of
U.S. Provisional Application Ser. No. 60/267,952, filed on
Feb. 9, 2001), and which further claims the benefit of U.S.
Provisional Application Ser. No. 60/331,365, field Jan. 8,
2002, and of PCT Application Ser. No. PCT/US02/03880,
filed on Feb. 8, 2002, all of which are hereby incorporated by
reference as if set forth fully herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The field of the present invention relates to sound repro-
duction and, more specifically, to speaker configurations and
enclosures, and related sound processing.

2. Background

Sound reproduction systems incorporating speakers are
commonplace in homes, theaters, automobiles, places of
entertainment, and elsewhere. The number, size, quality,
characteristics, and arrangement of speakers affect sound
quality in virtually any listening environment. However,
many environments have constraints which limit the number,
size, or type of speakers which can be used, and their arrange-
ment. These constraints may be technical, mechanical, or
aesthetic in nature.

For example, with respect to consumer products such as
computers and televisions, there may be limited space to
physically attach or integrate speakers. A common practice is
to provide a set of external speakers separate from the enclo-
sure of the computer, television, or other product, allowing
the user the ability to place the speakers widely apart and thus
achieve a true stereo effect. However, loose speakers take up
space onadesk or table, and require unsightly or inconvenient
electrical connections to the computer, television, or other
product. Moreover, use of such additional external speakers
generally requires the consumer to purchase them separately
from the main product itself, thus increasing cost. In addition,
space restrictions on a desk or table may limit the possible
locations of speakers, and/or their number, size and orienta-
tion, and thus adversely affect sound quality including the
desired stereo effect.

For consumer items such as laptop computers, the option of
utilizing external speakers to improve sound quality may not
be possible.

Confined listening areas also create constraints which can
impact sound quality, and can often unsuitable for optimal
sound reproduction. For example, the listening space of an
automobile creates particular challenges and problems for
quality sound reproduction. These problems partially result
from the unique sound environment of the automobile when
compared with a good listening room. Among the disadvan-
tages are:

Much smaller internal volume resulting in a reduced rever-
beration time and lower modal density at low frequen-
cies resulting in a lack of ambience and an uneven bass
response.

The proximity of highly reflective surfaces (such as the
windows) to highly absorptive areas such as the uphol-
stery or the occupants clothing leads to a great variability
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2

with frequency and head position of the direct to indirect
sound arriving at the listener. Consequently even small
changes in head or seating position can cause significant
and undesirable changes in the timbral quality of the
music.

The listening positions are necessarily restricted to the
seating positions provided (usually 4 or 5) and all of
these are very asymmetrically placed with respect to the
speaker positions. Space is always at a premium within
acar interior and as a result the speakers are often placed
in physically convenient positions, that are nevertheless
very poor from an acoustic point of view, such as the foot
wells and the bottom of the front and rear side doors. As
a result the listener’s head is always much closer to
either the left or right speaker leading directly large
inter-channel time differences and different sound levels
due to the 1/r law.

Additionally, the angles between the axes from the listen-
ers ears to the axes of symmetry of the left and right
speakers is quite different for each occupant. The per-
ceived spectral balance is different for each channel due
to the directional characteristics of the drive units.
Masking of one or more speakers by the occupants
clothes or legs can often result in the attenuation of the
mid- and high-frequencies by as much as 10 dB.

The conditions noted above tend to adversely impact the
ability to produce high quality stereo reproduction, which
ideally has the following attributes:

A believable and stable image or soundstage resulting from
the listener being nearly equidistant from the speakers
reproducing the left and right channels and a sufficiently
high ratio of direct-to-indirect sound at the listener’s
ears.

A smooth timbral balance at all the listening positions.

A sense of ambience resulting from a uniform soundfield.

Some features are provided in automobile audio systems
which can partially mitigate the aforementioned problems.
For example, an occupant can manually adjust the sound
balance to increase the proportional volume to the left or right
speakers. Some automobile audio systems have a “driver
mode” button which makes the sound optimal for the driver.
However, because different listening axes exist for left and
right occupants, an adjustment to the balance that satisfies the
occupant (e.g., driver) on one side of the automobile will
usually make the sound worse for the occupant seated on the
other side of the automobile. Moreover, balance adjustment
requires manual adjustment by one of the occupants, and it is
generally desirable in an automobile to minimize user inter-
vention.

Another modification made to some automobile audio sys-
tems is to provide a center speaker, which reduces the image
instability that occurs when the listener is closer to either the
left or right speaker when both are reproducing the same
mono signal, with the intention of producing a central sound
image. Yet another possible approach is adding more speakers
in a greater variety of positions (e.g., at the seat tops). While
such techniques can sometimes provide a more pleasing
effect, they cannot provide stable imaging as the problems
associated with asymmetry described above still remain. The
considerable additional cost of such design approaches is
usually undesirable in markets such as the highly cost sensi-
tive and competitive automotive industry. Moreover, as pre-
viously noted, space is usually at a premium in the automobile
interior, and optimal speaker positions are limited.

The aforementioned problems are not limited to sound
systems designed for automobiles, but may exist in other
confined spaces as well. Even in larger spaces, it may be



















































