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RADIO FREQUENCY MULTIPLE PROTOCOL
BRIDGE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Application No. 60/715,115, filed Sep. 7, 2005, which is
hereby incorporated by reference herein in its entirety, includ-
ing but not limited to those portions that specifically appear
hereinafter, the incorporation by reference being made with
the following exception: In the event that any portion of the
above-referenced provisional application is inconsistent with
this application, this application supercedes said above-ref-
erenced provisional application.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

Not Applicable.
BACKGROUND

1. Field of the Invention

This invention relates to a method, apparatus, and system
for interfacing between electronic devices and more particu-
larly relates to a method, apparatus, and system for commu-
nication between electronic devices using different protocols
and different modulation schemes.

2. Background Art

Advances in technology have enabled manufacturers of
many consumer products to automate their products and
make customer use of the product more convenient. Many
products today provide remote access of a product to a cus-
tomer through radio waves. For example, people can open
their garages without leaving their car and can determine
whether security sensors in their house have been tripped. The
problem, however, is that these devices often operate on dif-
ferent radio frequencies or use different communication pro-
tocols so that each product must have a unique corresponding
device to interpret the radio frequency transmissions. As
more and more products allow for remote access, the number
of corresponding radio frequency devices increases. This cre-
ates clutter and makes operation of the devices cumbersome,
which often negates the desired convenience to the customer.

For example, Manufacturer A may make a motion detector
and Manufacturer B may make automatic window blinds.
Both may use some type of radio frequency protocol to enable
remote access, but each operates at a different radio fre-
quency, and they may each use different communication pro-
tocols to interact with a corresponding remote device. Neither
remote device can work with the other product however.

From the foregoing discussion, it will be appreciated that it
would be an advancement in art to have a multiple protocol
apparatus that is compact and cost-effective. It would be an
additional advancement to have such an apparatus that could
interface with devices having different radio frequencies that
span large band gaps. It would be a further advancement to
provide such an apparatus that could interface with devices
having different types of modulation, be it amplitude modu-
lation or frequency modulation. It would be a further
advancement to have such an apparatus that is dynamically
upgradeable such that new devices can be added. Such an
apparatus is disclosed and claimed herein.

The features and advantages of the invention will be set
forth in the description which follows, and in part will be
apparent from the description, or may be learned by the
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practice of the invention without undue experimentation. The
features and advantages of the invention may be realized and
obtained by means of the instruments and combinations par-
ticularly pointed out in the appended claims.

SUMMARY OF THE DISCLOSURE

The invention disclosed herein has been developed in
response to the present state of the art, and in particular, in
response to the problems and needs in the art that have not yet
been fully solved by currently available radio frequency inter-
face devices. Accordingly, the present invention has been
developed to provide an apparatus, system, and method for
interfacing between electronic devices that overcome many
or all of the above-discussed shortcomings present in the art.

The illustrative apparatus which interfaces between elec-
trical devices is provided with a plurality of modules config-
ured to functionally execute one or more of the following
steps: implementing the communication protocol(s) of one or
more electronic devices, scanning for a first signal containing
information transmitted in a learned communication protocol
from one or more of the electrical devices, receiving and
recognizing the first signal, decoding the first signal using the
appropriate communication protocol to extract the desired
information, translating the information extracted from the
signal into a predetermined language, creating a second sig-
nal containing the translated information using a second com-
munication protocol, sending the second signal to another
electrical device, and receiving an acknowledgment that the
second signal was received by the other electrical device.

These modules in the described illustrative embodiments
include a scanning module, a decoding module, a translation
module, a send/receive module, and a handshake module. The
apparatus, in one illustrative embodiment, is configured to
scan known frequencies on which multiple third-party and/or
proprietary radio frequency devices operate. If the apparatus
recognizes a signal in a known communication protocol on
any of the frequencies, the apparatus may then demodulate
and/or decode the signal to extract the desired information
and then translate the information into a common predeter-
mined communication language for sending to another elec-
trical device.

An illustrative system of the present invention is also dis-
closed to interface between radio frequency devices. The
system may be embodied in wireless network having pro-
grammable software, firmware, and hardware. In particular,
the system, in one illustrative embodiment, includes a pro-
cessor and a power supply. The system may also contain one
or more radio frequency sensors or antenna. The system may
also contain an AM/FM interface, a radio frequency sensor/
antenna, and transceiver. A bus may operably connect the
processor, sensors, transceiver, and third party radio fre-
quency (AM/FM) interface.

In one illustrative embodiment, the system includes a
memory containing the modules that make up the system
discussed above. The system may also include a controller
that acts as a backend central control system. In one illustra-
tive embodiment, the controller may communicate with the
apparatus wirelessly. In another illustrative embodiment, the
controller may communicate with the apparatus through any
number of electronic connections, including low-voltage wir-
ing, fiber optic, infra red, power line carrier and other media
as can be devised by those skilled in the art.

An illustrative method of the present invention is also pre-
sented for interfacing between radio frequency devices. The
method in the illustrative embodiments substantially includes
the steps necessary to carry out the functions presented above
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with respect to the operation of the described apparatus and
system. In one illustrative embodiment, the method includes
determining the frequency of one or more radio devices,
scanning known frequencies for a signal using a known com-
munication protocol and decoding the communication proto-
col. The method may also include the steps of converting the
decoded information in the signal into a predetermined inter-
face language and creating a communication packet contain-
ing the converted communication protocol for sending to
controller. In another illustrative embodiment, the method
includes the step of receiving an acknowledgment that the
communication packet was received by the radio frequency
device controller. The method steps disclosed herein may also
be embodied as operations carried out by the computer-read-
able code of a computer program product.

Reference throughout this specification to features, advan-
tages, or similar language does not imply that all of the
features and advantages that may be realized with the present
invention should be or are in any single embodiment of the
invention. Rather, language referring to the features and
advantages is understood to mean that a specific feature,
advantage, or characteristic described in connection with an
embodiment is included in at least one embodiment of the
present invention. Thus, discussion of the features and advan-
tages, and similar language, throughout this specification
may, but do not necessarily, refer to the same illustrative
embodiment.

Furthermore, the described features, advantages, and char-
acteristics of the invention may be combined in any suitable
manner in one or more embodiments. One skilled in the
relevant art will recognize that the invention may be practiced
without one or more of the specific features or advantages of
a particular embodiment. In other instances, additional fea-
tures and advantages may be recognized in certain embodi-
ments that may not be present in all embodiments of the
invention.

Another illustrative aspect of the present invention
includes minimizing the total scanning time on any particular
frequency by an apparatus such that the possibility of a
missed signal on another frequency is reduced. In one illus-
trative embodiment, the apparatus may only analyze a small
fraction of a signal to determine if the signal is a valid signal
using a known protocol. When a valid signal is detected, the
apparatus will proceed to analyze the whole signal, otherwise
the signal is discarded and the apparatus continues scanning.

Another illustrative aspect of the present invention
includes limiting the total scanning time for all of the frequen-
cies scanned by an apparatus. In one embodiment, each com-
munication protocol for which an apparatus is designed to
scan is weighted to determine the resources used by that
communication protocol. If the available resources are over-
extended such that the apparatus would likely miss a signal
while scanning, the apparatus may dynamically optimize its
scanning procedure to reduce the likelihood of a missed sig-
nal while scanning, prohibit additional communication pro-
tocols, or require the elimination of one of the communication
protocols.

The features and advantages of the present invention will
become more fully apparent from the following description
and appended claims, or may be learned by the practice of the
invention as set forth hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

In order that the advantages of the invention will be readily
understood, a more particular description of the invention
briefly described above will be rendered by reference to spe-
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cific embodiments that are illustrated in the appended draw-
ings. Understanding that these drawings depict only typical
embodiments of the invention and are not therefore to be
considered to be limiting of its scope, the invention will be
described and explained with additional specificity and detail
through the use of the accompanying drawings, in which:

FIG. 1 is a schematic block diagram illustrating one illus-
trative embodiment of a system for interfacing between radio
frequency devices in accordance with the present invention;

FIG. 2 is a schematic block diagram illustrating one illus-
trative embodiment of an apparatus for interfacing between a
radio frequency devices in accordance with the present inven-
tion;

FIG. 3 is a schematic block diagram illustrating another
illustrative embodiment of an apparatus for interfacing
between a radio frequency devices in accordance with the
present invention;

FIG. 4 is a schematic flow chart diagram illustrating one
illustrative embodiment of a method in accordance with the
present invention;

FIG. 5 is a schematic flow chart diagram illustrating
another illustrative embodiment of a method in accordance
with the present invention; and

FIG. 6 is a prospective exploded view illustrating one
embodiment of an illustrative radio frequency interface appa-
ratus in accordance with the present invention.

DETAILED DESCRIPTION

For the purposes of promoting an understanding of the
principles in accordance with the disclosure, reference will
now be made to the embodiments illustrated in the drawings
and specific language will be used to describe the same. It will
nevertheless be understood that no limitation of the scope of
the disclosure is thereby intended. Any alterations and further
modifications of the inventive features illustrated herein, and
any additional applications of the principles of the disclosure
as illustrated herein, which would normally occur to one
skilled in the relevant art and having possession of this dis-
closure, are to be considered within the scope of the disclo-
sure claimed.

Many of the functional units described in this specification
have been labeled as modules, in order to more particularly
emphasize their implementation independence. For example,
amodule may be implemented as a hardware circuit compris-
ing custom VLSI circuits or gate arrays, off-the-shelf semi-
conductors such as logic chips, transistors, or other discrete
components. A module may also be implemented in program-
mable hardware devices such as field programmable gate
arrays, programmable array logic, programmable logic
devices or the like.

Modules may also be implemented in software for execu-
tion by various types of processors. An identified module of
executable code may, for instance, comprise one or more
physical or logical blocks of computer instructions that may,
for instance, be organized as an object, procedure, or func-
tion. Nevertheless, the executables of an identified module
need not be physically located together, but may comprise
disparate instructions stored in different locations which,
when joined logically together, comprise the module and
achieve the stated purpose for the module.

Indeed, a module of executable code may be a single
instruction, or many instructions, and may even be distributed
over several different code segments, among different pro-
grams, and across several memory devices. Similarly, opera-
tional data may be identified and illustrated herein within
modules, and may be embodied in any suitable form and
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organized within any suitable type of data structure. The
operational data may be collected as a single data set, or may
be distributed over different locations including over different
storage devices, and may exist, at least partially, merely as
electronic signals on a system or network.

Reference throughout this specification to “one embodi-
ment,” “an embodiment” or “illustrative embodiment,” or
similar language means that a particular feature, structure, or
characteristic described in connection with the embodiment
is included in at least one embodiment of the present inven-
tion. Thus, appearances of the phrases “in one embodiment,”
“in an embodiment,” and similar language throughout this
specification may, but do not necessarily, all refer to the same
embodiment.

Reference to computer program product may take any form
capable of generating a signal, causing a signal to be gener-
ated, or causing execution of a program of machine-readable
instructions on a digital processing apparatus. A computer
program product may be embodied by a transmission line, a
compact disk, digital-video disk, a magnetic tape, a Bernoulli
drive, a magnetic disk, a punch card, flash memory, integrated
circuits, or other digital processing apparatus or memory
device which can be arrived at by those skilled in the art.

Furthermore, the described features, structures, or charac-
teristics of the invention may be combined in any suitable
manner in one or more embodiments. In the following
description, numerous specific details are provided, such as
examples of programming, software modules, user selec-
tions, network transactions, database queries, database struc-
tures, hardware modules, hardware circuits, hardware chips,
etc., to provide a thorough understanding of embodiments of
the invention. One skilled in the relevant art will recognize,
however, that the invention may be practiced without one or
more of the specific details, or with other methods, compo-
nents, materials, and so forth. In other instances, well-known
structures, materials, or operations are not shown or described
in detail to avoid obscuring aspects of the invention.

It must be noted that, as used in this specification and the
appended claims, the singular forms “a,” “an,” and “the”
include plural referents unless the context clearly dictates
otherwise. Further, as used herein, the terms “comprising,”
“including,” “containing,” “characterized by,” and grammati-
cal equivalents thereof are inclusive or open-ended terms that
do not exclude additional, unrecited elements or method
steps.

FIG. 1 depicts a system, generally designated at 100,
according to the present invention. The system 100 may
include one or more radio devices 102A-102D and wired
devices 102E and 102F. The devices 102A-102F may be third
party devices or proprietary devices that emit a radio fre-
quency signal. In one embodiment, the devices 102A-102F
are off-the-shelf devices. For example, radio device 102A
may be any of a number of fobs, including, but not limited to
an engine starter, a garage door opener, a keyless entry device,
network access device, a home lighting access device, ahome
environment access device, and the like. In one embodiment,
radio device 102B may be a motorized device capable of
receiving a radio frequency signal and transmitting status
signals. For example, radio device 102B may be automatic
window blinds that can be raised or lowered through a radio-
controlled motor. In one illustrative embodiment, radio
device 102B is a motorized blind manufactured by
SOMFY®. Radio device 102C may be a motion sensor or
other home security device capable of emitting a radio signal.
Inone embodiment, radio device 102D is a proprietary device
specifically manufactured for use in the system. Device 102E
may be a switch capable of transmitting a low voltage signal,
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including a signal indicating a momentary switch closure.
Device 102F may be a device capable of accepting a low
voltage signal, such as a signal indicating a momentary
switch closure. Other types of suitable devices for use with
the present invention include all types of radio controlled
devices, including garage door openers, ceiling fans, motion
sensors, garage door openers, remote controls, lighting con-
trols and blind controls.

The radio devices 102A-102D may communicate with an
interface 108 by means of radio waves 104. In one embodi-
ment, the interface 108 includes a radio frequency antenna
106 A to pick up the radio waves 104. The interface 108 may
have a range from the devices 102A-102D of up to about 50
feet. In another embodiment, the radio devices 102A-102D
communicate with the interface 108 through a wired connec-
tion. The interface 108 can send and receive signals to and
from the devices 102A-102D via the antenna 106A. It will be
appreciated that each device 102A-102D may use its own
distinct communication protocol. Thus, in one embodiment,
the interface 108 can recognize multiple communication pro-
tocols to thereby communicate with all of devices 102A-
102D. The devices 102E and 102F may communicate with
interface 108 via a wired connection. In one embodiment, the
wired connection is a low voltage wired connection.

The interface 108 may also include a processor 110 for
executing control commands. The processor may be an Atmel
MEGA Processor. In another embodiment, the processor 110
may be an ARM processor. The interface 108 may also
include a power supply 112. In one embodiment, the power
supply may be an AC to DC power supply. The power source
may also be an AC power source, such as from a power grid,
or a battery.

The interface 108 may include a third party radio frequency
interface, which in the illustrative embodiment is represented
as a secondary radio interface 114. The secondary radio inter-
face 114 can be programmed to communicate with any radio
frequency device within predetermined frequency ranges. In
one embodiment, the frequency range is between about 100
MHZ and about 600 MHZ. In another embodiment, the fre-
quency range is between about 600 MHZ and about 1000
MHZ. In still another embodiment, the frequency range is
between about 300 MHZ and 1000 MHZ.

It will be appreciated by those of skill in the art that the
secondary radio interface 114 can be programmed to read and
decode radio frequency devices in other frequencies ranges
and many different communication protocols. In one illustra-
tive embodiment, the secondary radio interface 114 may use
half duplex bi-directional radio frequency communication.

In one embodiment, the interface 108 includes a common
language interface module, which in the illustrative embodi-
ment is represented as a primary radio interface 116. The
primary radio interface 116 may send and receive signals 107
through antenna 106B. The primary radio interface 116 may
be a universal asynchronous radio transceiver of a kind
known in the industry. In one embodiment, the primary radio
interface 116 includes a transceiver which is configured to
operate as part of the common language interface module.
The primary radio interface 116 is generally configured to
handle a single protocol, both incoming and outgoing and in
this manner operates as a common language interface mod-
ule. In another embodiment, the primary radio interface 116
operates in the frequency range of about 902 MHZ to 928
MHZ.

It will be appreciated by those of skill in the art that the
interface 108 may therefore include two separate co-located
radio transceivers, namely the primary radio interface 116
and the secondary radio interface 114.
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A memory 118 may store executable code for operating the
system 100. It will be appreciated by those of skill in the art
that the code may also be embodied as hardware or firmware.
The memory 118 may include one or more translation mod-
ules for bridging communication between the secondary
radio interface 114 and the primary radio interface 116. The
translation modules are executed by processor 110.

The memory 118 could include separate translation mod-
ules for communicating with each device 102A-102D. This is
due to the fact that each of the devices 102A-102D may be
manufactured by different manufacturers. Traditionally, each
manufacturer uses its own proprietary communications pro-
tocol with its devices. For this reason, a separate translation
module may be required for each device 102A-102D.

The secondary radio interface 114 and the primary radio
interface 116 may cause the execution of the translation mod-
ules to accomplish the functionality associated with each one.
For example, an incoming signal from any of the devices
102A-102D is received by secondary radio interface 114.
Once received, the interface 108 calls upon the appropriate
translation module to recognize the protocol of the signal,
decode the signal using the appropriate communication pro-
tocol to extract the desired information, and translate the
information extracted from the signal into the common lan-
guage. The primary radio interface 116 then transmits the
information in the common language.

Likewise, a signal may be received at the primary radio
interface 116. The interface 108 may then call upon the appro-
priate translation module to translate information in the signal
into the specified third party’s communication protocol. The
interface 108 can then send the signal to the appropriate
device 102A-102D through the secondary radio interface
114.

In one illustrative embodiment, the translation modules
may format the information, such as control commands, into
the appropriate communications protocol required by the
intended recipient device. This may include the appropriate
headers, preambles, commands, etc. required to communi-
cate with the devices 102A-102D. This may also include the
correct encoding scheme, how to start or end a message,
handshaking, and error correction schemes. This may further
include the correct frequency and modulation schemes. Like-
wise, the translation modules are able to decode the message
into the common interface language. In one embodiment, the
translation modules are dynamically upgradeable such that
new devices may be added to the system 100 at any time.

In order to create a translation module for a communication
protocol, the communication protocol must be identified and
analyzed. In the case of a third party manufacturer, it is
preferable to secure the cooperation of the manufacturer to
provide the information on its proprietary protocol. The third
party protocol may also utilize a proprietary communication
language. For example, the language may include commands
and status information. For example, in the case of automated
blinds, the commands may include “up,” “down,” “open,” and
“close”” These commands must be correlated to the generic
commands of the common interface language which may
include commands having the same meaning. Thus, the trans-
lation module can translate the “up” command in the common
interface language to the “up” command of the third party
protocol and vice versa. In this sense, the interface 108 is able
to mimic a third party control device. That is, the controlled
devices 102A-102D do not know that the command origi-
nated from the interface 108 instead of its own remote control
device.

In one illustrative embodiment, the interface 108 includes
arelay 122, which is a low-voltage relay of a kind known in
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the art. The relay may be a 1 amp 40 VDC relay. Interface 108
also includes the appropriate circuitry to drive relay 122.
Interface 108 may send a signal to device 102F using the relay
122. In actual use, a detected signal 104 or 107 could cause
the relay 122 to be activated to emulate a contact switch
closure to device 102F. In another embodiment, the interface
108 may include a contact input 120 to detect a momentary
switch closure. When a momentary switch closure is detected
through contact input 120, the interface 108 then translates
this information into the common interface language and
sends a message to a controller 126. Device 102E may pro-
vide the contact input signal. The controller 126 executes
programming in response to that contact input 120, which
may include sending a signal back to the interface 108
instructing it to close the relay 122 as well as carrying out any
number of pre-programmed instructions, such as sending a
signal to any of devices 102A-102D.

The inclusion of the contact inputs 120 allows the interface
108 to receive input from wired third-party devices, such as
most passive infrared motion detectors, door contacts, stress
sensors, light sensors, humidity and temperature sensors,
smoke and carbon monoxide detectors, garage door openers
and more. The inclusion of the relay 122 allows the interface
108 to control devices as well as emulate devices that are
responsive to switch closures.

The interface 108 may also include a display 128 to facili-
tate use of the system 100 by a user. In one embodiment, the
display 128 is an LED display.

The system 100 also includes a controller, such as the
controller 126 shown in FIG. 1. Suitable controllers include
the C-BOX™ Controller, C-BOX LE Controller, and INFU-
SION™ Controller manufactured by Vantage Controls, Inc.
Other suitable controllers include desktop computers, laptop
computers, and other computing devices. The controller 126
may form part of a commercial or a residential automation
control systems. The controller 126 may form part of a com-
puter network. In that regard, the controller 126 may also be
part of a network of any sort. The controller 126 may be
operably connected to a radio frequency enabler 124 to facili-
tate communication with the interface 108. In one embodi-
ment, the radio-frequency enabler 124 includes a radio fre-
quency antenna 105 for sending and receiving signals 107 to
and from the antenna 106B of the interface 108. A suitable
radio frequency enabler includes the RADIOLINK® Enabler
manufactured by Vantage Controls, Inc.

The range between the controller 126 and the interface 108
may be up to about 150 feet. In one embodiment, the radio
frequency enabler 124 is built into the controller 126. In
another embodiment, the interface 108 is wired to the con-
troller 126 and uses an RS-232 protocol. In another embodi-
ment, the interface 108 is wired to the controller 126 using
low voltage communications bus.

In one embodiment, the interface 108 acts as a radio fre-
quency bridge. On one end of the interface 108 is a network,
such as a home automation network or computer network,
that may include the controller 126. Through CPU negotia-
tion and transfer, the interface 108 forms a bridge between the
network and third-party devices 102A-102F. On the third-
party devices 102A-102F side of the interface 108 there will
be an in and/or out communication protocol.

For example, one of the devices 102A-102F in the system
100 communicates with the controller 126 and receives com-
mands from it to control a set of blinds 102B that are con-
trolled through a radio protocol. The interface 108 would
receive a command from the controller 126, emulate the
SOMFY® blind protocol and control the device 102B. Like-
wise, the interface 108 could bridge to a motion sensor 102C
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that sends out a radio signal when it detects motion. The
interface 108 would receive that signal, convert it to a mes-
sage to the controller 126, which would alert a user or carry-
out some other preprogrammed operation. The system 100 is
capable of having multiple third-party protocols running
simultaneously. Thus, one advantage of the present invention
is that a single interface 108 can communicate with multiple
different manufacturers’ products, as represented at 102A-
102F, instead of requiring multiple devices to communicate
with the products 102A-102F. The interface 102 integrates
and bridges the devices 102A-102F and allows outside inter-
face capability.

From the foregoing, it will be appreciated that the system
100 recognizes different types of third-party devices 102 and
can recognize all of their communication protocols and all of
their different ways of passing communication packets back
and forth. The interface 108 is configured to integrate this
down to one common interface language and makes that
available to an outside network. In one illustrative embodi-
ment, that outside network is a network containing the con-
troller 126. In another illustrative embodiment, the outside
network could be a wired proprietary network. In another
illustrative embodiment, the outside network could be an
RS-232 outside interface that could then be utilized by any-
thing with that particular communication protocol capability.
In a wired embodiment, the connection may include without
limitation, category 5 wire, Ethernet, and or use any other
media format which can be selected by those skilled in the art.
It will be appreciated that the interface 108 advantageously
acts as a universal translator.

With some devices, for example some key fob devices
102A, they are multi-frequency units and must be aligned
with devices on their network. This requires significant power
from these battery-operated devices. If they were powered up
all the time, their battery would drain very quickly. Accord-
ingly, some key fob devices 102A go into a power saving or
“hibernation” mode. The system 100 of the present invention
allows a user to hit a button on the key fob device 102A which
wakes up, transmits, goes back to sleep and it never has to
wake up again if the user doesn’t ever hit a button again. The
battery-operated key fob typically has a much simpler radio
frequency protocol to save power.

The system also allows a user to lower the window blinds
102B because the motion sensor 102C was tripped, even
though they are made by different manufacturers using dif-
ferent protocols. In this scenario, when the motion sensor
102C is tripped, it sends a signal to the interface 108. The
interface decodes and translates the signal into the common
interface language. The interface 108 then sends a signal 107
to the controller 126 indicating that the motion sensor 102C
has been tripped. Associated with this, is programming on the
controller 126 which instructs the controller 126 to cause the
blinds 102B to lower if the motion sensor 102C has been
tripped. The controller 126 would send the interface 108 a
common interface packet using the common interface lan-
guage. The interface 108 would receive the signal and deter-
mine what action to take. For example, the command from the
controller 126 may be to “Interface with the blinds 102B and
send the user’s particular command to it to lower the blinds.”
The interface 108, knowing the particular communication
protocol for the blind 102B, would form a communication
packet to go out over that communication protocol and then
indicate to the internal logic that a command is ready to go.
When the interface 108 finds a time slot it will transmit on the
particular frequency used by the blinds 102B and using the
modulation protocol associated with the blinds 102B and
with appropriate timing with the third-party device 102B,
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lower the blinds. Thus, two previously unrelated devices are
able to interact one with another.

It will be appreciated that it is within the scope of the
present invention to provide embodiments of the present
invention which can transmit to one or more radio frequency
devices using multiple protocols. Using the disclosure pro-
vided herein, those skilled in the art will readily be able to
arrive at embodiments of the invention providing such fea-
tures.

Referring to FIG. 2, an apparatus 200 according to the
present invention is illustrated. In one illustrative embodi-
ment, the apparatus 200 is the interface 108 of FIG. 1. The
apparatus 200, may include a processor 202 and a power
supply 204 of the type discussed in connection with the sys-
tem above. The apparatus 200 may also include an secondary
radio interface 206, a primary radio interface 208, and a
memory 218, as discusses above. The apparatus 200 also
include, antennas 210, contact inputs 212, at least one relay
214, and a display 218 to facilitate communication with
remote radio frequency devices and/or radio frequency con-
trol devices. The processor 202, power supply 204, secondary
radio interface 206, primary radio interface 208, memory
218, antennas 210, contact inputs 212, relay 214, and display
218 may be operably connected via communication bus 216.

FIG. 3 illustrates one illustrative embodiment of an appa-
ratus 300 according to the present invention. In one embodi-
ment, the apparatus 300 includes a scanning module 302. The
scanning module 302 may scan the known radio frequencies
of'third party or proprietary radio devices 102 (see FIG. 1). In
another embodiment, the scanning module 302 detects a sig-
nal on a known frequency. The scanning module 302 com-
pares a preamble or a first portion of the signal to the known
communications protocol for that frequency to determine if
the signal is a valid signal. If the preamble or first portion is
validated, then the scanning module 302 accepts and pro-
cesses the signal. If the preamble or first portion is not vali-
dated, the signal is discarded and the scanning module 302
can scan the next frequency. It will be appreciated that by only
validating the preamble or the first portion of a signal, the
scanning module 302 limits the time spent on any one fre-
quency searching for a valid signal. If the scanning module
302 scans one frequency too long or it takes too long to
recognize a valid signal, then a signal on another frequency
may be lost.

The apparatus may also include a decoding module 304
configured to decode and/or demodulate a communication
protocol utilized by a third-party or proprietary device recog-
nized by the scanning module 302 on a particular frequency
used by that third-party of proprietary device. A communica-
tion protocol may include without limitation, a signal, com-
munication, or other recognizable information on a particular
frequency. The types of communication protocols may
include without limitation, FM, AM, OOK, FSK, and the like.
The apparatus also includes a conversion module 306 config-
ured to convert the decoded communication protocol into a
predetermined communication language that can be inter-
preted by a controller type device or that can convert a pre-
determined communication language into a communication
protocol. The decoding module 304, in connection with the
conversion module 306, is capable of converting the com-
mands and communications of multiple third party and pro-
prietary devices into a single language or communication
protocol for sending to a controller.

The apparatus 300 may include a send/receive module 308
configured to send and receive communication packets con-
taining data in the common communication language to and
from a controller, respectively. The send/receive module 308
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may also be configured to send and receive communication
packets to devices in their own proprietary communication
protocol.

The apparatus 300 also includes a handshake module 310.
The handshake module 310 establishes a communication
path or link between the apparatus 300 and a radio frequency
controller such that communication packets can be sent and
the receipt of the communication packets can be acknowl-
edged.

The apparatus 300 also includes a weighting module 312.
The weighting module 312 employs a weighting factor to
determine the allowable combination of radio frequencies to
be scanned by the scanning module 302. For each scanned
frequency, i.e., each communication protocol being scanned
for, the weighting module 312 may determine the amount of
time required to “lock™ onto a signal using a particular pro-
tocol. If the time required to recognize a signal is excessive, a
signal on another frequency may be missed. Ideally, the scan-
ning module 302 never misses any signals. However, if the
scanning module 302 spends too much time away from any
one particular frequency while scanning for signals on other
frequencies, then a signal on that particular frequency is
likely to be missed.

Another factor taken into consideration, is that any particu-
lar communications protocol may require that a signal using
that protocol be repeated any number of times. In the case
where a signal is repeated numerous times, the scanning
module 302 may spend more time away from that particular
frequency on which the signal is being transmitted. This is
because, if a signal is missed while scanning another fre-
quency, the signal is still likely to be received by the apparatus
300 when it returns to the signal’s frequency due to the fact
that the signal is repeated. Thus, the more times a signal is
repeated, the more time the scanning module 302 can spend
scanning other frequencies.

Finally, the speed, or transmission rate, of the signal being
receiving is taken into consideration by the weighting module
312. Ifthe signal is slow, and each bit time is very long, it will
take more time to lock onto a signal. Alternatively, if the
signal is very fast, the lock time will be reduced, but the
minimum allowed time away from that signal’s frequency
will also be greatly reduced hindering the allowed time on
other channels.

The weighting module 312 may therefore take into account
the time required to lock onto and validate a preamble or a first
portion of a signal, whether the communication protocols call
for repeating a signal, and the transmission rate of the signal
being received in order to limit the number of scanned fre-
quencies. In regards to the time required to validate a signal,
in the event that the time required to validate is relatively
excessive, then the apparatus 300 may be limited to scanning
only one or two frequencies. If a communication protocol
calls for repeating a signal multiple times, then it is more
likely that the scanning module 312 will detect the signal even
if the actual time scanning the frequency of the signal is
relatively short. If the speed of the signal is slow, and each bit
time is very long, it will take more time to validate a signal.
Alternatively, if the signal’s transmission rate is very fast, the
lock time will be reduced, but the minimum time away from
the frequency of the signal will be also be reduced hindering
the allowed time on other frequencies.

In the illustrative embodiments of the present invention,
each communication protocol will be weighted according to
the factors discussed above to determine or limit the amount
of frequencies scanned by the scanning module 302. This
weight will determine the allowable combination of user pro-
tocols per apparatus 300. For example, in the case of a pro-
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tocol that calls for a very fast signal that is not repeated, this
protocol could be weighted at 100% meaning that only it
would be allowed to operate on apparatus 300. In another
example, a protocol that calls for a very fast signal that is
repeated ten (10) times could be weighted at 10%. In this case,
the apparatus 300 could comfortably scan for this protocol as
well as another, assuming that this other protocol does not
impair the ability to detect the first protocol.

The illustrations of FIGS. 1, 2, and 3, along with the cor-
responding discussion above disclose means for determining
the frequency of one or more radio devices, means for scan-
ning known frequencies for a communication protocol,
means for decoding the communication protocol, means for
converting the decoded communication protocol into a pre-
determined interface language, means for creating a commu-
nication packet containing the converted communication pro-
tocol means for sending the communication packet to a radio
device controller, and means for receiving an acknowledg-
ment that the communication packet was received by the
radio device controller.

The schematic flow chart diagrams that follow are gener-
ally set forth as logical flow chart diagrams. As such, the
depicted order and labeled steps are indicative of one illus-
trative embodiment of the presented method. Other steps and
methods may be conceived that are equivalent in function,
logic, or effect to one or more steps, or portions thereof, ofthe
illustrated method. Additionally, the format and symbols
employed are provided to explain the logical steps of the
method and are understood not to limit the scope of the
method. Although various arrow types and line types may be
employed in the flow chart diagrams, they are understood not
to limit the scope of the corresponding method. Indeed, some
arrows or other connectors may be used to indicate only the
logical flow of the method. For instance, an arrow may indi-
cate a waiting or monitoring period of unspecified duration
between enumerated steps of the depicted method. Addition-
ally, the order in which a particular method occurs may or
may not strictly adhere to the order of the corresponding steps
shown.

FIG. 4 illustrates a method 400 of interfacing between
radio frequency devices according to the present invention.
The method 400 starts 402 by determining 404 the frequency
of'third party and/or proprietary devices on which the devices
operate. Those frequencies are scanned 406 to determine
whether or not any signals, communications, or other com-
munication protocols are being transmitted. Signals, commu-
nications, and/or communication protocols are then decoded
and/or demodulated 408 and converted 410 into a common
interface language. In will be appreciated that the common
interface language may be in and of itself a communication
protocol. The method 400 then creates a communication
packet 412 containing the decoded signal from the remote
third party and/or proprietary device and sends it to a control-
ler 414. The receipt of the communication packet is acknowl-
edged 416 and the method ends 418.

FIG. 5 illustrates one exemplary embodiment of a method
500 for interfacing between radio devices. The method 500
starts 502 and scans the frequency on which a desired remote
device operates. If a communication protocol is not detected
506 on that frequency, a next known frequency is scanned
514. It will be appreciated that it is within the scope of the
present invention that when the next frequency is unknown, it
can be automatically determined.

If a communication protocol is not detected 516 on this
frequency, a next frequency is scanned 518. Previously
known or currently determined frequencies are scanned ran-
domly or in order until a signal, communication, or other
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communication protocol is found. In one exemplary embodi-
ment, known frequencies are scanned in order from a first
known frequency until a last known frequency and then the
scanning repeats in the same order.

Once a communication protocol is found, it is decoded 508
and converted 510 into a predetermined communication lan-
guage. The converted communication protocol is then pack-
aged in a communication packet and sent to a controller or
other device. In one embodiment, the device is a controller
that interacts with a user in order to operate one or more
different radio frequency devices, even if those different
devices operate at different radio frequencies or different
modulations. The process may then repeat or end 520.

FIG. 6 illustrates one illustrative embodiment of an appa-
ratus 600 for interfacing between radio devices according to
the present invention. The apparatus 600 may be embodied as
a wall-mount structure. The apparatus 600 includes a front
cover 602 and a back cover 604. A circuit board 606 may
include memory or circuitry for interfacing between third
party and/or proprietary devices, and a controller that is oper-
ated by a user. The apparatus 600 also includes a power
supply 608. A panel 610 may help connect the front cover
602, back cover 604, circuit board 608, and power supply 610.

The present invention may be embodied in other specific
forms without departing from its spirit or essential character-
istics. The described embodiments are to be considered in all
respects only as illustrative and not restrictive. The scope of
the invention is, therefore, indicated by the appended claims
rather than by the foregoing description. All changes that
come within the meaning and range of equivalency of the
claims are to be embraced within their scope.

What is claimed is:

1. An interfacing apparatus comprising:

a scanning module configured to scan a predetermined
range of communication protocols associated with a
plurality of devices;

a send/receive module configured to sending and receive
distinct communication protocols associated with the
plurality of devices, each distinct communication pro-
tocol including a communication packets containing
information;

a decoding module configured to decode: (i) each received
distinct communication protocol and (ii) the informa-
tion contained in the communication packet associated
with that received and decoded distinct communication
protocol;

and a conversion module configured to convert: (i) a each
decoded distinct communication protocol, and (ii) the
decoded information contained in the communication
packet associated with that received and decoded dis-
tinct communication protocol, into at least one of
another distinct communication protocol and a common
interface language as required by a recipient device;

a weighting module adapted and programmed to calculate
and limit the amount of distinct communication proto-
cols to be scanned for by the scanning module;

wherein the weighting module limits the amount of com-
munication protocols to be scanned for by the scanning
module by weighting each distinct communication pro-
tocol based on at least one of: (i) the amount of time
required for the scanning module to lock onto a signal on
a distinct communication protocol, (ii) the number of
times a signal on a distinct communication protocol is
repeated, and (iii) the speed of a signal on a distinct
communication protocol.

2. The apparatus of claim 1 further comprising a handshake

module configured to establish a communication path with a
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controller so that a communication packet sent by the send/
receive module and received by the controller is acknowl-
edged by the controller.

3. The apparatus of claim 1, wherein the information con-
tained in the communication packet of at least one of the
received and decoded distinct communication protocols from
a first device is status or command information associated
with the first device.

4. The apparatus of claim 1 wherein the information con-
tained in the communication packet of at least one of the
received and decoded distinct communication protocols from
afirst device is proprietary information to the manufacturer of
the first device.

5. A system for interfacing between devices, comprising:

aprimary radio frequency interface configured to send and
receive signals using a common interface language;

a secondary radio frequency interface configured to: (i)
scan a predetermined range of communication protocols
associated with at least a first device and a second
device, and (ii) send and receive distinct communication
protocols associated at least with the first device and the
second device, each distinct communication protocol
including a communication packet containing informa-
tion;

a first device in communication with the primary and sec-
ondary radio frequency interfaces, the first device
adapted to transmit and receive a first communication
protocol, each first communication protocol including a
communication packet containing information;

a second device in communication with the primary and
secondary radio frequency interfaces, the second device
adapted to transmit and receive a second communication
protocol, each second communication protocol includ-
ing a communication packet containing information;

at least a first decoding module configured to decode at
least: (i) each received first communication protocol,
and (ii) the information contained in the communication
packet associated with that received and decoded first
communication protocol; and

at least a first conversion module configured to convert at
least: (i) each decoded first communication protocol,
and (ii) the decoded information contained in the com-
munication;

comprising a weighting module adapted and programmed
to calculate and limit the amount of communication
protocols to be scanned for by the secondary radio fre-
quency interface;

wherein the weighting module limits the amount of com-
munication protocols to be scanned for by the secondary
radio frequency interface by weighting each communi-
cation protocol based on at least one of: (i) the amount of
time required for the secondary radio frequency inter-
face to lock onto a signal on a distinct communication
protocol, (ii) the number of times a signal on a distinct
communication protocol is repeated, and (iii) the speed
of a signal on a distinct communication protocol.

6. The system of claim 5 further comprising at least one
contact input in communication with the first device, the at
least one contact input configured to detect a momentary
switch closure.

7. The system of claim 5 further comprising at least one
relay in communication with the first device, the at least one
relay configured to be activated to emulate a contact switch
closure.

8. The system of claim 5 further comprising a display, the
display configured to facilitate use of the primary and sec-
ondary radio frequency interfaces by a user.
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9. The system of claim 5 further comprising at least a
second decoding module configured to decode at least: (i)
each received second communication protocol, and (ii) the
information contained in the communication packet associ-
ated with that received and decoded second communication
protocol; and

at least a second conversion module configured to convert
at least: (i) each decoded second communication proto-
col, and (ii) the decoded information contained in the
communication packet associated with that received and
decoded second communication protocol, into at least
one of the first communication protocol and the common
interface language to allow communication between the
second device and the first device.

10. The system of claim 5 further comprising a first antenna
and a second antenna, the first antenna associated with the
primary radio interface and the second antenna associated
with the secondary radio interface.

11. The system of claim 10 wherein the primary radio
interface and the secondary radio interface operate on difter-
ent frequencies.

12. The system of claim 5, wherein the information con-
tained in the communication packet of at least one of the
received and decoded first communication protocols from the
first device is status or command information associated with
the first device.

13. The system of claim 5, wherein the information con-
tained in the communication packet of at least one of the
received and decoded first communication protocols from the
first device is proprietary information to the manufacturer of
the first device.

14. A system for interfacing between radio devices, the
system comprising:

a processor;

a radio interface;

an antenna,

a transceiver;

a controller;

amemory containing modules for execution on the proces-
sor, the modules including:

1) a scanning module configured to scan a predetermined
range of communication protocols associated with a
plurality of devices;

(ii) a send/receive module configured to send and receive
distinct communication protocols associated with the
plurality of devices, each distinct communication pro-
tocol including a communication packet containing
information;

(iii) a decoding module configured to decode: (a) each
received distinct communication protocol, and (b) the
information contained in the communication packet
associated with that received and decoded distinct com-
munication protocol;

iv) a conversion module configured to convert: (a) each
decoded distinct communication protocol, and (b) the
decoded information contained in the communication
packet associated with that received and decoded dis-
tinct communication protocol, into at least one of
another distinct communication protocol and a common
interface language as required by a recipient device;

v) a handshake module configured to establish a commu-
nication path with the controller so that a communica-
tion packet sent by the send/receive module and received
by the controller is acknowledged by the controller;

and a bus configured to operably connect the processor
antenna, transceiver, radio interface, and memory;

a weighting module adapted and programmed to calculate
and limit the amount of distinct communication proto-
cols to be scanned for by the scanning module;
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wherein the weighting module limits the amount of com-

munication protocols to be scanned for by the scanning

module by weighting each distinct communication pro-
tocol based on at least one of: (i) the amount of time
required for the scanning module to lock onto a signal on

a distinct communication protocol. (ii) the number of

times a signal on a distinct communication protocol is

repeated, and (iii) the speed of a signal on a distinct
communication protocol.

15. The system of claim 14, wherein the information con-
tained in the communication packet of at least one of the
received and decoded distinct communication protocols from
a first device is status or command information associated
with the first device.

16. The system of claim 14, wherein the information con-
tained in the communication packet of at least one of the
received and decoded distinct communication protocols from
afirst device is proprietary information to the manufacturer of
the first device.

17. A system for interfacing between devices comprising:

a processor;

a memory containing modules for execution on the proces-

sor, the modules including:

(1) a scanning module configured to scan a predeter-
mined range of communication protocols associated
with a plurality of devices;

(i1) a weighting module adapted and programmed to
calculate and limit the amount of distinct communi-
cation protocols to be scanned for by the scanning
module;

(iii) a send/receive module configured to send and
receive distinct communication protocols associated
with the plurality of devices, each distinct communi-
cation protocol including a communication packet
containing information;

(iv) a decoding module configured to decode: (a) each
received distinct communication protocol, and (b) the
information contained in the communication packet
associated with that received and decoded distinct
communication protocol;

(v) a conversion module configured to convert: (a) each
decoded distinct communication protocol, and (b) the
decoded information contained in the communication
packet associated with that received and decoded dis-
tinct communication protocol, into at least one of
another distinct communication protocol and a com-
mon interface language as required by a recipient
device; and

wherein the weighting module limits the amount of com-

munication protocols to be scanned for by the scanning

module by weighting each distinct communication pro-
tocol based on at least one of: (i) the amount of time
required for the scanning module to lock onto a signal on

a distinct communication protocol, (ii) the number of

times a signal on a distinct communication protocol is

repeated, and (iii) the speed of a signal on a distinct
communication protocol.

18. The system of claim 17, wherein the information con-
tained in the communication packet of at least one of the
received and decoded distinct communication protocols from
a first device is status or command information associated
with the first device.

19. The system of claim 17, wherein the information con-
tained in the communication packet of at least one of the
received and decoded distinct communication protocols from
afirst device is proprietary information to the manufacturer of
the first device.



