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DATA ACQUISITION AND DISPLAY SYSTEM 
FOR MOTOR VEHICLES 

RELATED APPLICATIONS 

This application is a continuation in part of US. applica 
tion Ser. No. 11/836,672 ?led Aug. 9, 2007 and entitled Data 
Acquisition and Display System for Motor Vehicle, the con 
tents of Which are incorporated herein in their entirety. 

FIELD OF INVENTION 

The present invention generally relates to a display device 
for use in a motor vehicle, and more particularly to a digital 
display system that integrates a global positioning system 
(GPS) With the vehicle’s on-board computer as Well as 
peripheral devices for acquisition and display of information 
in a user con?gurable format. 

BACKGROUND INFORMATION 

An instrument panel provides a variety of functions Within 
a vehicle. Gauges mounted Within the panel are the primary 
interface betWeen the driver and the vehicle. For example, a 
speedometer indicates the speed of the vehicle; a tachometer 
shoWs the rotational speed of the engine; While other gauges 
monitor and shoW engine temperature, ?uid levels and vari 
ous other parameters. In addition to gauges, mounting GPS 
and other navigational devices Within the panel continues to 
increase in popularity as more users desire to knoW their exact 
location, track their movements, and receive directions While 
driving. Such navigational devices are particularly useful and 
popular in vehicles because drivers and passengers often 
desire to have navigational capabilities While traveling. 

Typically in a vehicle, a factory installed instrument panel 
is designed to present a particular arrangement, eg a cluster 
of gauge-type instruments in a pre-set design. These instru 
ments generally include sensors or senders positioned at 
appropriate points Within the vehicle. Each sensor monitors 
one of numerous parameters, and electrically or mechanically 
transmits a proportional output to an associated instrument. A 
needle or pointer is mounted on the rotary output shaft of a 
gauge motor and assumes different positions based on the 
control signal received by the instrument. The needle is posi 
tioned near a display bearing markings relevant to the condi 
tion being measured, and the needle points to various indicia 
as it turns. For example, if the gauge is part of a speedometer, 
the indicia on the gauge display Will indicate various rates of 
speed in miles or kilometers per hour. Factory-installed GPS 
devices have the advantage of being integrally mounted 
Within a factory-provided opening in a vehicle While the 
vehicle is being manufactured and thus generally present an 
appealing appearance. HoWever, these devices are only avail 
able on a feW models of neW vehicles, are generally very 
expensive and typically must be mounted Within a vehicle’s 
center stack (the area on the dash betWeen the driver and front 
passenger Where car stereos and other equipment is typically 
located). Mounting a navigational device in a vehicle’ s center 
stack takes up valuable space Which may be needed for other 
components such as stereo receivers, climate controls, etc. 

Accurate readings of the factory installed instruments, 
including a GPS, require the driver to divert attention from the 
road for extended time periods. Steering Wheel or seat posi 
tioning may cause a portion of the gauges to become 
obstructed from clear vieW, extending the time it takes a driver 
to accurately read a cluster of instruments. Because many of 
the instruments must be read While the vehicle is in motion, 
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2 
the time required to complete a reading of the instruments 
may create a dangerous situation. A vehicle traveling at 60 
miles per hour moves 88 feet per second, thus a driver takes 
his eyes off the road for 88 feet every second he/she diverts 
their attention to the instrument panel. 
An instrument panel also functions as a key component to 

the interior design of a vehicle. Through the selection of 
surface material and contour as Well as types of displays, 
backlighting and sWitches, the instrument panel can change 
the personality of a vehicle. Vehicle oWners often install an 
aftermarket GPS and/ or gauges to enhance the attributes of 
the vehicle, either for actual performance measurement or to 
dress-up the vehicle for competition. Competition has alWays 
been popular among car enthusiasts and has included contests 
of speed, endurance, detailing, etc., each of Which require the 
vehicle to assume a different personality. 

Aftermarket gauges or a GPS are mounted in various posi 
tions Within the passenger compartment of the vehicle, gen 
erally Within peripheral vieW of the driver. Often the after 
market gauges are mounted in groups or clusters Within gauge 
pods on the A-pillar of the vehicle or Within gauge cups or 
panels mounted on top or under the dash of the vehicle. The 
cluster mounts alloW the driver to vieW multiple gauges in a 
single glance. One common type of gauge, often called a 
panel meter gauge, is housed in a small cylindrically shaped 
housing having a lens at one end and lead-in terminals at the 
other end. The housings are generally available in various 
standard diameters, With 21/16" and 25/8" being the most popu 
lar. The standard diameters of the gauge housings correspond 
to apertures provided in the gauge pods, cups and panels to 
alloW the instrument panels to be customiZed according to the 
vehicle oWner’s preference. However, once the gauge layout 
and theme are chosen and installed, a change requires 
replacement and/or reconnection of the gauges. An aftermar 
ket GPS is generally mounted on the top of the dash betWeen 
the driver and passenger area eliminating the ability of the 
oWner to mount gauges in that position. 

Generally, the aftermarket gauges are connected in one of 
tWo Ways. In the ?rst, the car enthusiast locates the correct 
Wiring and splices the neW gauge Wiring into the existing 
sensor Wiring. Locating the correct Wires and folloWing them 
to a convenient splice point is a dif?cult task and requires 
knoWledge, time, patience, and skill that some individuals 
simply do not have. Moreover, this greatly complicates the 
task of Writing comprehensive instructions because many 
models and makes of automobiles require individually tai 
lored instructions to account for differences in vehicle con 
?gurations. In addition, if the splice is not correctly per 
formed and properly sealed, the gauge Will fail to Work, and 
the connection betWeen the sensor and the gauge may fail due 
to the constant vibrations Within the automotive environment, 
resulting in the possible malfunction of that sensor, and pos 
sibly affecting operation of the internal combustion system. 
The second common Way to connect additional gauges is to 
add additional sensors to the automobile. Adding additional 
sensors is a complicated process, Which involves mounting 
the sensor, connecting poWer to the sensor, and routing the 
Wire to the neW gauge. The skill that is required to perform 
this task is beyond that of many individuals. 
Modern vehicles are generally equipped With numerous 

sensors, for example: oil pressure, coolant temperature, trans 
mission temperature, engine temperature, steering position, 
air/fuel ratio, etc. Typically, the sensors are connected to an 
on-board computer control module that continually monitors 
the sensors and regulates the vehicles functions accordingly. 
Generally the information generated by the sensor is continu 
ally passed along the vehicle data link as part of the vehicle 
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diagnostic system. The vehicle diagnostic system cooperates 
With the factory installed gauge cluster to provide failure fault 
indications to the driver in the form of a “service engine” 
light. The vehicle diagnostic system typically includes one or 
more separate computer control modules. Examples of such 
computer control modules (also knoWn as just “modules”) 
are: a poWertrain control module (PCM), an engine control 
module (ECM), a transmission control module (TCM), an 
anti-lock brake system (ABS) control module, and an air bag 
control module. Typically the computer control modules are 
connected together by a data link, forming the vehicle diag 
nostic system. The data link typically has a connection point, 
or data link connector (DLC) that is normally located under 
the dash of the vehicle. The vehicle diagnostic system is 
generally used to provide relevant information to repair tech 
nicians. The DLC provides repair technicians With a place to 
connect off-board vehicle diagnostic devices, such as scan 
tools and code readers for communication With the vehicle 
diagnostic system. 

“Off-board devices,” such as scan tools and code readers 
are knoWn in the art. Scan tool and code reader testing devices 
interface With vehicle diagnostic systems to access, display, 
and/ or print vehicle diagnostic information. On-Board Diag 
nostics Version II (OBD II) Scan Tools are one commonly 
knoWn type of scan tool and are governed by a number of 
standards, e.g., SAE 11978 Rev. 1998-02, SAE 11979 Rev. 
1997-09, ISO9141/KWP2000, CAN/ISO15765, SAE 11850 
PWM, SAE 11850 VPW or the like. 
A “Manufacturer-Speci?c Scan Tool” is a scan tool that 

accesses and displays proprietary manufacturer-speci?c data 
(and possibly also additionally accesses and displays OBD II 
data). Examples of proprietary manufacturer-speci?c data 
include Device Controls on General Motors, On-Demand 
Tests in Ford, Actuator Tests, Sensor Tests, Interrogator, and 
Read Temporary Codes in Chrysler. In general, air bag data, 
ABS data, cruise control data, and climate control data are 
also considered to be proprietary manufacturer-speci?c data 
and are typically included only in Manufacturer-Speci?c 
Scan Tools. 

Typically, scan tools are capable of performing at least 
some of the folloWing major functions: “View Data,” also 
knoWn as “Live Data,” “Data,” and “Data Test, DTC” (vieW 
ing and displaying in real-time live changing data from a 
plurality of module sensors), display of textual diagnosis 
descriptions corresponding to the various diagnostic codes, 
recording and playback of data, device control (manually 
controlling modules for diagnostic purposes), and reading 
and displaying vehicle information from the vehicle’s com 
puter (e.g., VIN information, controller calibration identi? 
cation number, etc.). 

HoWever, the scan tools are often large, cumbersome 
Wheeled devices that set outside of the vehicle With cables 
extending into the vehicle. Portable scan tool devices are also 
knoWn, these devices are generally not constructed for per 
manent installation Within a vehicle; nor are they generally 
equipped for connection to, and collection of data from, 
peripheral devices. 

Therefore, there exists a need for a display device that 
collects information from multiple busses and senders Within 
a vehicle that can display the information on the screen of the 
display in a user con?gured format. The device should also 
function as a GPS receiver for determining the location of the 
receiver based on signals received from a plurality of GPS 
satellites. The device should also be capable of recording the 
signals received from the busses and senders as Well as the 
positional data, in addition to signals from peripheral devices 
simultaneously to single or multiple ?le(s) With matching 
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4 
timestamps. The system should be con?gured so that the user 
can design his/her oWn gauge displays (“skins”) in the form of 
graphics, graphs, fonts, needles, buttons, program generated 
objects, and backgrounds. The system should include a tan 
gible storage media for storage of multiple user created skins 
Which can be recalled for use by the user. The system should 
also alloW the user to reassign a gauge skin to a different 
signal received from one of the busses or peripheral devices. 
The system should also be con?gured for automatic skin 
changes in response to ambient light conditions. The system 
should also be con?gured to change background color, font 
siZe and shape, and sound alarms or signals based on the 
signal values being received from the busses or the GPS 
receiver. The system should be capable of displaying data 
from multiple busses and peripheral devices simultaneously 
on the same display Which may take the form of a split screen 
display. The system should be con?gured for bi-directional 
communication With the vehicle’s on-board computer(s) for 
diagnostics as Well as reprogramming of the on-board com 
puter(s). The system should also be con?gured to store and 
display a commercial that illustrates the functions and capa 
bilities of the device. 

Thus, the present invention provides a gauge display sys 
tem Which overcomes the disadvantages of prior art GPS 
devices as Well as scan tools and gauges. The display system 
of the present invention not only provides for relative ease in 
installation of the system, it also permits customiZation of the 
display/interface as Well as connectivity to peripheral 
devices. 

SUMMARY OF THE INVENTION 

Brie?y, the present invention is directed toWard a data 
acquisition and display system for vehicles that includes a 
GPS receiver and connects to the vehicle’ s on-board comput 
er(s) via a data link connector (DLC). The system includes a 
display module suitable for permanent or temporary attach 
ment at a user chosen position Within the interior of a vehicle. 
The display module preferably includes a full color monitor 
that also functions as a touch screen for inputting commands 
to the computer Within the display module. The computer 
includes a suitable processor, operating system, software and 
tangible data storage media to alloW multiple user con?g 
urable functions. The display module collects positional 
information from a plurality of satellites via the GPS receiver, 
and the vehicle information via multiple busses and senders 
through the data link connector for display of the information 
on the monitor of the display module in a user con?gured 
format. The direct connection betWeen the display module 
and the data link facilitates bi-directional communication 
With the vehicle’s on-board computer(s) for diagnostics as 
Well as reprogramming of the on-board computer(s) Which 
may be accomplished in real-time. 

The system is con?gured so that signals received by the 
GPS receiver can be utiliZed for turn by turn navigation in a 
conventional manner. Alternatively, the user can design his/ 
her oWn gauge skins in the form of graphics, graphs, fonts, 
needles, buttons, program generated objects, and back 
grounds that can be stored and recalled for display on the 
display module monitor. Input signals from the various sen 
sors Within the vehicle can be assigned and reassigned to a 
speci?c gauge skin or to a speci?c display contained Within a 
gauge skin that may include a split and/or toggle screen to 
display vehicle data and GPS alternatively as Well as simul 
taneously. 
As a safety feature, the system can be con?gured for auto 

matic skin changes in response to ambient light conditions 
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and may additionally change background color, font size and 
shape, and/or sound alarms based on the signal values being 
received from the busses. The system is also capable of dis 
playing data from multiple busses and peripheral devices 
simultaneously on the same display. Alternatively, the data 
can be stored on the permanent or removable memory of the 
device With timestamps so that the data can be recalled and 
vieWed simultaneously on the display module monitor. 

In addition, the system includes multiple communication 
ports con?gured for attachment to peripheral devices such as 
external GPS receivers and or antenna(s), cameras, acceler 
ometers, sensors and the like. The system may also include a 
Wireless connection, such as Bluetooth or the like, that may be 
utiliZed for connection to peripheral devices or sensors posi 
tioned Within the vehicle. 

The device also includes a computer readable medium 
(permanent or removable memory) suitable for recording the 
signals received from the busses and senders, as Well as 
signals from peripheral devices, simultaneously to single or 
multiple ?le(s) With matching timestamps. This construction 
alloWs data from sensors in the vehicle to be recalled and 
vieWed in combination With data from a peripheral device 
such as a video camera on the monitor. This arrangement can 

be extremely helpful to car enthusiasts that Wish to improve 
performance in competition settings. Moreover, because the 
system is also con?gured to function as a GPS. The GPS 
information can be evaluated in conjunction With the sensor 
data and/or other peripheral device data for performance 
enhancement or positional aWareness and may be used in a 
manner similar to that of a ?ight recorder, Whereby data 
relating to throttle position, steering angle, braking and the 
like may be utiliZed for accident reconstruction. Alterna 
tively, the information can be utiliZed in a competitive situa 
tion as a pseudo telemetry device, Whereby the GPS informa 
tion can be combined With the vehicular information and any 
information obtained from peripheral devices to reconstruct 
passes made about or along a racing circuit. 

Still yet, the combination of the processor and storage 
media in the display module permits promotional information 
to be stored, recalled and displayed on the monitor Within a 
retail store for promotion of the display system. 

Accordingly, it is an objective of the present invention to 
provide a data acquisition and display system that receives 
signals from a plurality of GPS satellites and also communi 
cates With the on-board computer(s) of a vehicle Whereby the 
system includes a computer processor, softWare and com 
puter readable storage for operator con?gured display of the 
data received from the GPS satellites as Well as the vehicle. 

It is a further objective of the present invention to provide 
a data acquisition and display system that provides bi-direc 
tional communication betWeen the display system and the 
on-board computer(s) of the vehicle. 

It is yet a further objective of the present invention to 
provide a data acquisition and display system that, in addition 
to receiving signals from GPS satellites cooperates With 
vehicular on-board computer(s) as Well as peripheral devices 
for acquisition of data Which can be combined for storage 
and/ or display. 

It is another objective of the instant invention to provide a 
data acquisition and display system that includes a touch 
screen for control of gauge face graphic designs, GPS con 
?guration, communication With the on-board computer(s), 
and control of peripheral devices. 

It is yet another objective of the instant invention to provide 
a data acquisition and display system that includes automatic 
poWer-up and poWer-doWn modes to conserve vehicle poWer. 
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6 
It is still another objective of the instant invention to pro 

vide a data acquisition and display system that integrates With 
at least one on-board computer and/or functions as a GPS. 

It is still yet another objective of the instant invention to 
provide a data acquisition and display system that displays 
sensor outputs received from a GPS receiver as Well as an 

on-board computer in a user con?gured graphics display. 
Other objectives and advantages of this invention Will 

become apparent from the folloWing description taken in 
conjunction With the accompanying draWings Wherein are set 
forth, by Way of illustration and example, certain embodi 
ments of this invention. The draWings constitute a part of this 
speci?cation and include exemplary embodiments of the 
present invention and illustrate various objects and features 
thereof. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 is a top perspective vieW of one embodiment of the 
instant invention; 

FIG. 2 is a rear vieW of the embodiment shoWn in FIG. 1; 
FIG. 3 is a top perspective vieW of the embodiment shoWn 

in FIG. 1 illustrating connection ports; 
FIG. 4 is a front vieW illustrating a gauge skin representa 

tive of data received from the on-board computer(s) as Well as 
data received from a peripheral device; 

FIG. 5 is a front vieW illustrating a user con?gured gauge 
skin for displaying engine information; 

FIG. 6 is a front vieW illustrating a gauge skin including 
graphical as Well as digital information; 

FIG. 7 is a front vieW illustrating a gauge skin including 
digital as Well as an analog gauge representation; 

FIG. 8 is a front vieW illustrating a gauge skin con?gured 
With the instant invention; 

FIG. 9 is a front vieW illustrating a gauge skin con?gured 
With the instant invention; 

FIG. 10 is a front vieW illustrating a gauge skin con?gured 
With the instant invention; 

FIG. 11 is a front vieW illustrating a gauge skin con?gured 
With the instant invention; 

FIG. 12 is a front vieW illustrating a gauge skin con?gured 
With the instant invention; 

FIG. 13 is a schematic representation of one embodiment 
of the instant invention; 

FIG. 14 is a front vieW illustrating a gauge skin con?gured 
With information received from a GPS receiver; 

FIG. 15 is a front vieW illustrating a split gauge skin con 
?gured With information received from a GPS receiver as Well 
as information received from the on-board computer. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

While the present invention is susceptible of embodiment 
in various forms, there is shoWn in the draWings and Will 
hereinafter be described a presently preferred embodiment 
With the understanding that the present disclosure is to be 
considered an exempli?cation of the invention and is not 
intended to limit the invention to the speci?c embodiments 
illustrated. 

Referring generally to the ?gures, the present invention is 
directed toWard a data acquisition and display device 10 for 
vehicles 12 that is constructed and arranged to receive GPS 
signals from a plurality of GPS satellites and connects to the 
vehicle’s on-board computer(s) 14 via a data link connector 
16. The system includes a display module 20 suitable for 
permanent or temporary attachment Within the interior of a 
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vehicle. The display module preferably includes a full color 
display monitor 22 in electrical connection With the display 
computer 18 for bi-directional electrical communication ther 
ebetWeen. In a mo st preferred embodiment, the display moni 
tor functions as a touch screen for inputting commands to the 
display computer 18 regarding the information to be dis 
played and the graphics associated With the display. The 
display computer 18 includes a suitable processor 24, oper 
ating system, softWare and tangible data storage media 26 in 
the form of Random Access Memory (RAM), ?ash memory 
or other suitable on-board memory to alloW multiple user 
con?gurable displays and functions. In the preferred embodi 
ment, the processor 24 is anARM9 manufactured by ATMEL. 
However, it should be noted that other processors suitable for 
communicating With the on-board computer(s) and operation 
of the display monitor 22 could be utiliZed Without departing 
from the scope of the invention. The operating system is 
preferably LINUX, hoWever other operating systems Well 
knoWn in the art are also contemplated to be Within the scope 
of the invention. The operating system and DASHDAQ soft 
Ware are preferably stored on the tangible data storage media 
26 or alternatively on the removable memory 28, Which is 
preferably secure digital media (SD) or the like. In a most 
preferred embodiment, the removable memory provides up to 
16 GB of data storage suitable for storing softWare as Well as 
recording the data received from the on-board computer or 
the peripheral devices. Connection to the removable memory 
28 is provided through the removable memory port 29 Which 
is in electrical communication With the processor 24. 

The display module 20 includes at least one GPS receiver 
100 in electrical connection With the processor 24 as Well as 
a GPS antenna 102. The antenna facilitates the receipt of GPS 
signals from a plurality of GPS satellites. The receiver utiliZes 
these signals to determine the location of the GPS receiver 
Which is passed to the processor for various user con?gured 
uses and displays. In addition, the display module is provided 
With a vehicle connection port 30 in electrical connection 
With the display computer 18. A data link connector 16 
extends betWeen the vehicle connection port 30 and at least 
one on-board computer 14 positioned Within the vehicle for 
bi-directional electrical communication of data relating to the 
various operating systems Within the vehicle including, but 
not limited to, the poWertrain control module (PCM), the 
engine control module (ECM), the transmission control mod 
ule (TCM), the anti-lock brake system (ABS) control module, 
and the air bag control module. 

The display module 20 collects information from the 
vehicle via multiple busses and sensors through the data link 
connector 16 Which is connected to the On-Board Diagnos 
tics Version II (OBD II) connection 31 and displays the infor 
mation on the screen of the display module in a user con?g 
ured format. The direct connection betWeen the display 
module and the on-board computer(s) facilitates bi-direc 
tional communication for receiving sensor data, diagnostics 
of vehicle systems as Well as reprogramming of the on-board 
computer(s) forperformance applications or troubleshooting. 

The display module includes at least one peripheral input 
port 32 in electrical communication With the display com 
puter for electrical communication With at least one periph 
eral device. Peripheral devices may include, but should not be 
limited to digital cameras, accelerometers, XM radio signals 
and sensors. Digital cameras are understood to include both 
still and video cameras. 

In the preferred embodiment, the computer readable 
memory carrier 26, 28 is constructed and arranged for storage 
of data received from the GPS receiver, the on-board com 
puter(s) and one or more peripheral device(s). The display 
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8 
computer attaches a timestamp to the data received for stor 
age by the computer readable carrier. In this manner the GPS 
data, the on-board computer data and the peripheral device 
data may be recalled and vieWed singularly or simulta 
neously. The data from the different sources can be displayed 
on a single (FIG. 14) or split screen (FIG. 15) With matching 
timestamps. In this manner, data from sources such as a 
camera 34, vehicle location from a GPS receiver, steering 
angle from the vehicle’s computer bus, brake temperature 
from a Wired sensor and Wireless connection to an acceler 

ometer can be recalled and vieWed simultaneously on a user 

designed skin. The Wireless connection to a remote device 36 
may be accomplished through one of the USB 2.0 peripheral 
input ports 32 via a Bluetooth or 802.1 1 b/ g connection, While 
an analog sensor 40 may be directly connected to analog input 
port 33. 

Referring to FIGS. 4-12, the display module softWare is 
con?gured to take input commands from the touch screen 
monitor 22 (FIG. 1) so that the user can design his/her oWn 
gauge skins Which may include, but should not be limited to, 
maps, graphics, graphs, fonts, needles, buttons, program gen 
erated objects, and backgrounds that can be stored and 
recalled for display on the monitor. Input signals from the 
various sensors Within the vehicle can be assigned and reas 
signed to a speci?c gauge skin or to a speci?c display con 
tained Within a gauge skin. 
As a safety feature, the system includes a daylight sensor 

38 (FIG. 1) Which can be con?gured for automatic skin 
changes in response to ambient light conditions. The system 
also includes a feature Wherein the display may change back 
ground color, ?ash, change the display Within a gauge skin, 
font siZe and shape, and/or sound alarms based on the signal 
values being received from the GPS signals or vehicular 
busses. These signal values represent vehicle parameters 
Which are outside of desired and normal operational limits. 
For example, if the engine RPM exceeds the manufactures 
limit, if the temperature of the cooling Water is too high, if the 
oil pressure in the engine is too loW, if the vehicle misses a 
turn, traf?c Warnings, etc. 

All patents and publications mentioned in this speci?cation 
are indicative of the levels of those skilled in the art to Which 
the invention pertains. All patents and publications are herein 
incorporated by reference to the same extent as if each indi 
vidual publication Was speci?cally and individually indicated 
to be incorporated by reference. 

It is to be understood that While a certain form of the 
invention is illustrated, it is not to be limited to the speci?c 
form or arrangement of parts herein described and shoWn. It 
Will be apparent to those skilled in the art that various changes 
may be made Without departing from the scope of the inven 
tion and the invention is not to be considered limited to What 
is shoWn and described in the speci?cation. 
One skilled in the art Will readily appreciate that the present 

invention is Well adapted to carry out the objects and obtain 
the ends and advantages mentioned, as Well as those inherent 
therein. Any compounds, methods, procedures and tech 
niques described herein are presently representative of the 
preferred embodiments, are intended to be exemplary and are 
not intended as limitations on the scope. Changes therein and 
other uses Will occur to those skilled in the art Which are 
encompassed Within the spirit of the invention and are de?ned 
by the scope of the appended claims. Although the invention 
has been described in connection With speci?c preferred 
embodiments, it should be understood that the invention as 
claimed should not be unduly limited to such speci?c 
embodiments. Indeed, various modi?cations of the described 






