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A system and method for carrying a downstream optical
signal and an upstream optical signal on a fiber optic link is
disclosed. The system and method includes a first trans-
ceiver unit that receives an input communication signal from
at least one external communication device at an electrical
input port, a transmitter that converts the input communi-
cation signal into an optical signal and transmits the optical
signal as an downstream optical signal on a fiber optic link,
a receiver at the second transceiver unit that receives the
downstream optical signal and converts the downstream
optical signal into an electrical communication signal, and a
first circuit in the second transceiver unit that determines
whether the second transceiver couples the electrical com-
munication signal to a two wire intercom circuit or a four
wire intercom circuit.
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1
TRANSCEIVER SYSTEM AND METHOD
FOR INTERFACING WITH DIFFERENT
COMMUNICATION SYSTEMS AND
PROTOCOLS

RELATED APPLICATIONS

This application claims the benefit of and priority as a
continuation to U.S. patent application Ser. No. 13/801,309,
entitled “Intercom Transceiver with Fiber Optic Link,” filed
Mar. 13, 2013, the entirety of which is incorporated by
reference herein.

BACKGROUND

Television broadcast professionals often require the abil-
ity to extend one or two channels of voice intercom systems
over a long distance. This functionality is required so that
certain key production personnel at a remote location can
communicate with the rest of the production team on site
reliably, clearly, and with full access to the intercom sys-
tem’s functions, including those functions over and above
the simple bi-directional transmission of voice communica-
tions. Specific television broadcast applications include
“outside broadcast” such as sporting, entertainment, or event
production, terrestrial (ENG) and satellite (SNG) news gath-
ering, corporate events, and industrial testing environments.

These voice communications may be transmitted and
received according to a “two-wire” or “four-wire” format.
The two-wire format allows users connected to a commu-
nication line to communicate with other users connected to
the communication line at any given time. Four-wire com-
munication allows users connected to a communication line
to selectively communicate privately with other specific
users on a one on one basis. The four-wire formats may
include a connection matrix that allows any user connected
to the matrix to communicate privately with any other user
connected to the matrix. Accordingly, two-wire and four-
wire communication lines can operate under separate com-
munication formats and typically require separate hardware
units and/or communication lines.

SUMMARY

One embodiment described herein relates to a system for
carrying a downstream optical signal and an upstream
optical signal on a fiber optic link between a first transceiver
unit coupled to a first intercom system and a second trans-
ceiver unit coupled to a second intercom system. The system
includes a first transceiver unit that receives an input com-
munication signal from at least one external communication
device at an electrical input port, a transmitter that converts
the input communication signal into an optical signal and
transmits the optical signal as a downstream optical signal
on a fiber optic link coupled between the first transceiver
unit and the second transceiver unit, a receiver at the second
transceiver unit that receives the downstream optical signal
and converts the downstream optical signal into an electrical
communication signal, a first circuit in the second trans-
ceiver unit that determines whether the second transceiver
couples the electrical communication signal to a two wire
intercom circuit or a four wire intercom circuit, and an
output port on the second transceiver unit that outputs either
a two wire intercom signal or a four wire intercom signal to
an external communication device based on the first circuit
determination.
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Another embodiment described herein relates to a method
of carrying an downstream optical signal and an upstream
optical signal on a fiber optic link between a first transceiver
coupled to a first intercom system and a second transceiver
coupled to a second intercom system. The method includes
receiving an input communication signal from at least one
external communication device at an electrical input port of
a first transceiver unit, converting the input communication
signal into an optical signal, transmitting the optical signal
as a downstream optical signal on a fiber optic link coupled
between the first transceiver unit and the second transceiver
unit, receiving the downstream optical signal at the second
transceiver unit, converting the downstream optical signal
into an electrical communication signal, coupling the elec-
trical communication signal to one of a two wire intercom
circuit and a four wire intercom circuit determined by a first
circuit in the second transceiver unit, and transmitting one of
a two wire intercom signal or a four wire intercom signal to
an external communication device based on the first circuit
determination.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments are hereafter described, wherein
like reference numerals denote like elements, and:

FIG. 1A is a schematic diagram depicting a communica-
tion system between two transceiver units according to one
exemplary embodiment;

FIG. 1B is a schematic diagram depicting a communica-
tion system between two transceiver units according to one
exemplary embodiment;

FIG. 1C is a schematic diagram depicting a communica-
tion system between two transceiver units according to one
exemplary embodiment;

FIG. 2 is a schematic diagram of a transceiver unit
according to one exemplary embodiment;

FIG. 3 is a diagram depicting the relationship between
external switches and connections between input and output
pins on a transceiver unit according to some embodiments;

FIGS. 4A-1 and 4A-2 are a schematic diagram, divided
across two sheets for clarity, depicting the internal circuitry
of a transceiver unit according to a selected setting accord-
ing to one exemplary embodiment;

FIGS. 4B-1 and 4B-2 are a schematic diagram, divided
across two sheets for clarity, depicting the internal circuitry
of a transceiver unit according to a selected setting accord-
ing to one exemplary embodiment;

FIGS. 4C-1 and 4C-2 are a schematic diagram, divided
across two sheets for clarity, depicting the internal circuitry
of a transceiver unit according to a selected setting accord-
ing to one exemplary embodiment; and

FIG. 5 is flowchart for determining transceiver circuitry
based on selected settings.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Before describing in detail the particular improved system
and method, it should be observed that the invention
includes, but is not limited to a novel structural combination
of conventional data/signal processing components and
communications circuits, and not in the particular detailed
configurations thereof. Accordingly, the structure, methods,
functions, control and arrangement of conventional compo-
nents and circuits have, for the most part, been illustrated in
the drawings by readily understandable block representa-
tions and schematic diagrams, in order not to obscure the
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disclosure with structural details which will be readily
apparent to those skilled in the art, having the benefit of the
description herein. Further, the invention is not limited to the
particular embodiments depicted in the exemplary diagrams,
but should be construed in accordance with the language in
the claims.

Referring to FIGS. 1A, 1B, and 1C, several embodiments
100, 102, and 104 of bi-directionally communicating data
such as intercom audio data between two transceiver units
across an optical fiber link 120 is shown. One or more
embodiments may overcome distance limitations and elec-
trical interference problems associated with copper wire
cabling by implementing a fiber optic link a communication
link in place of or in addition to traditional copper cables.
Fiber optic links provide several advantages including
increased bandwidth, reliability, immunity electrical inter-
ference, and the ability to multiplex several different types
of data signals such as HD/SDI onto the same fiber strand.
Furthermore, one or more embodiments may overcome
communication interoperability limitations between a first
transceiver unit and a second transceiver unit by providing
a fiber optic communication system capable switching
between a two-wire four wire communication formats,
switching between communication protocols received at a
first transceiver unit and a second transceiver unit, and
providing variant power settings required at the first trans-
ceiver unit and the second transceiver unit.

In general, 100, 102, and 104 depict bidirectional trans-
mission systems that may be used in signal broadcast
applications such as television production, event production,
terrestrial electronic news gathering (ENG), satellite news
gathering (SNG), corporate events, and industrial testing
environments, for example. Such broadcasting applications
may extend audio channels of intercom systems over a long
distance. This functionality is provided so that certain key
production personnel at a remote location, such as a pro-
duction center, can communicate with the rest of the pro-
duction team on site reliably, clearly, and with full access to
the intercom audio signals, intercom system functions, and/
or additional data signals such as HD video signals from an
on site video camera, for example. Accordingly, the fiber
optic transceiver systems 100, 102 and 104 may bi-direc-
tionally transmit two channels of intercom communications
from a transceiver 106 or 116 to a second transceiver 116 or
106 over a fiber optic link 120.

For example, referring to fiber optic transceiver system
100, a first audio intercom channel may be received from
external communication device 108, comprising headset
intercom devices at a first transceiver unit 106 via connec-
tors 122. According to some embodiments, the portable
headset intercom devices 108 include a belt-pack, micro-
phone, and headset speakers distributed along a standard
microphone cable. According to some embodiments, exter-
nal communication device 108 is considered a two-wire or
“party-line” external communication device. According to
some embodiments, two-wire communication devices con-
nect multiple users to a communication line, such as a
microphone cable, allowing each user to send and receive
audio data using the communication line. Furthermore,
two-wire external communication devices, such as two-wire
intercoms, may include a full-duplex communication line
capable of allowing each user functionally connected to the
communication line to both send and receive audio data to
any other user on the same communication line simultane-
ously. The system components for some party-line intercoms
consist of power supplies, user stations (e.g. belt packs,
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speaker stations, main stations, etc.), interconnecting cable,
headsets, panel microphones, push-to-talk microphones, and
a system termination.

Referring now to FIG. 4A (illustrated divided on two
sheets as FIG. 4A-1 and FIG. 4A-2 for clarity, and referred
to jointly as FIG. 4A), circuitry within a transceiver unit for
processing the audio data will be described in an exemplary
embodiment. Signal and wire connections between compo-
nents of FIG. 4A-1 and FIG. 4A-2 are labeled with matching
letters A-H. After the audio data, such as two wire audio
data, from external communication device 114 (FIG. 1) is
received at transceiver unit 116, the audio data may be
digitized at an A/D converter 494 as shown in FIG. 4A.
Furthermore, A/D converter 494 is coupled to a multiplexer
circuit 434, shown in exemplary form as a portion of a field
programmable gate array (FPGA) which time division mul-
tiplexes the audio signal, for example, with additional data
such as clock data, or a video camera data signal.

The output of the multiplexer 434 is a serial bit stream 454
that is coupled to a laser diode driver circuit 460 included in
optical transceiver unit 428. Accordingly, the laser driver
circuit 428 drives a laser diode that performs an optical to
electrical (O/E) conversion on the electrical serial bit stream
454. Once the multiplexed serial bit stream 454 has been
converted to an upstream optical signal 490, the upstream
optical signal will be transmitted across fiber link 120, as
shown in FIGS. 1A, 1B, and 1C to the second transceiver
unit 116.

As shown in FIG. 4A, for example, the laser diode 456
may be coupled to a wavelength division multiplexer
(WDM) 470. The upstream optical signal 490 produced by
the laser diode may be produced at a first wavelength A,
such as 1310 nm, for example. In the opposite direction, the
downstream optical signal 480 transmitted from transceiver
unit 116 is received at WDM 470. According to some
embodiments, the downstream optical signal 480 is at a
second wavelength A.,, such as 1550 nm. The terms upstream
and downstream are used to distinguish a transmitting
transceiver from a receiving transceiver for the purposes of
illustration. Accordingly, the directions of upstream and
downstream are interchangeable. In general, the optical
wavelengths are preferably selected from wavelengths in the
range of 1300 nm to 1550 nm. The WDM 470 splits the
optical signals A, and A,. In another embodiment, the WDM
470 can instead be a two-way coupler, in which case A=A,
with bi-directional transmission on a single optical fiber. It
should be noted that while some embodiments employ
wavelength division multiplexing to provide transmission of
optical signals 130 and 140 on a single optical fiber, other
embodiments can have a separate optical fiber for each
direction of transmission. In such embodiments, the wave-
length division multiplexing is not employed, and A, can be
the same as or different than A,.

Referring to FIGS. 1B and 1C, in addition to receiving
two-wire audio intercom data, transceiver units may also be
configured to receive four-wire audio intercom data from a
four-wire external communication device such as matrix
devices 112 or 118. Four wire audio systems, such as matrix
devices 112, 118, differ from two wire systems in that such
systems allow individuals functionally connected to a matrix
device to establish audio connections with other individuals
functionally connected to the matrix device. According to
some embodiments, matrix devices 112, 118 receive mul-
tiple communication inputs from audio sources, such as
headset microphones, at matrix input ports and also transmit
out multiple communication outputs to audio receivers from
matrix output ports, such as headset speakers. Matrix
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devices may establish communication paths between users
functionally connected to a matrix device according to
control signals sent to the matrix device by users function-
ally connected to the matrix device, or through software
programs controlling the matrix device, for example.

Accordingly, large numbers of individuals connected to
the four wire or matrix device have the ability to establish
private individual conversations between users at user sta-
tions unlike some two wire or party line systems where any
headset connected to a common microphone line can listen
to any other headset. Matrix devices may have other func-
tions and capabilities such as those found in telephone
systems. Conferences, call waiting, busy signals, and other
features may be used in matrix devices. In addition, user
stations functionally connected to a matrix device can range
in complexity from a simple microphone with a single push
button and a loudspeaker to a fully programmable keypanel
with an alphanumeric display, digital signal processing, user
programmable features, volume controls, etc. According to
some embodiments, matrix devices 112, 118 have a limited
number of ports to both receive data from an external
communication device and transmit data to an external
communication device. In some embodiments, matrix
devices 112, 118 have logical ports that consist of an audio
input to the matrix, which is used to bring an audio signal
from an individual at a user station, an audio output used to
receive audio data from the user station, and a bi-directional
data signal for control and status information between the
matrix and the user station.

As with a two wire intercom system 108, four wire
intercom systems, such as matrix device 112, may transmit
audio and control data to an input port of a transceiver unit,
such as transceiver unit 116 via communication links 122.
According to some embodiments, communication link 122
is inserted into four wire 1/O ports of a first transceiver unit,
such as transceiver unit 116, such as /O ports 220 and 222,
for example, as shown in FIG. 2. Furthermore, audio data
from a matrix device may be multiplexed with control data,
clock data, or video camera data at a transceiver unit
multiplexer 434. As with two wire audio data, the output of
the multiplexer 434 is a serial bit stream 454 that is coupled
to a laser diode driver circuit. Accordingly, the laser driver
circuit drives a laser diode that performs an optical to
electrical (O/E) conversion on the electrical serial bit stream
454. Once the multiplexed serial bit stream 454 has been
converted to a downstream optical signal 140, the down-
stream optical signal will be transmitted across fiber link
120, as shown in FIGS. 1A, 1B, and 1C to a second
transceiver unit, such as transceiver unit 106. As shown in
FIG. 4A, downstream optical signal 480, from a first trans-
ceiver unit 116, will be received at the WDM 470 of a
second transceiver unit 106, while the upstream optical
signal 490 from the second transceiver unit 106 will be
received at a WDM of the first transceiver unit 116. Internal
structures of transceiver units as shown in FIG. 4A, 4B
(illustrated divided on two sheets as FIG. 4B-1 and FIG.
4B-2 for clarity, and referred to jointly as FIG. 4B), and 4C
(illustrated divided on two sheets as FIG. 4C-1 and FIG.
4C-2 for clarity, and referred to jointly as FIG. 4C) are
present in both first and second transceiver units on oppos-
ing sides of fiber link 120, according to some embodiments.

Once the upstream optical signal 480 is received at an
input port of WDM 470, the optical signal will be converted
from an optical signal to an electrical signal at detector 456,
such as a photodetector, the output of which is provided to
a demultiplexer. The digital output of the demultiplexer 434
may include audio data, control data, video data, and clock
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data, for example. According to some embodiments, the
demultiplexed digital audio data is converted analog audio
data and routed through switching circuitry 496 to an output
port of the transceiver unit, such as two-wire port 450 for
transmission to a two wire external communication device
such as microphone line and belt pack device 108 or two
channel two wire system 114.

As stated previously, transceiver units 116 and 106 may
be used in a wide variety of situations and be used to connect
a wide array of external communication devices including
two wire external communication devices 108, 114, four
wire external communication devices 110, 112, and 118,
external communication devices manufactured by different
companies, as well as communication devices with varying
power requirements. Accordingly, transceiver units 106 and
116 are equipped with external switches 204, 206, 208 and
224 located on an exterior surface of the transceiver units
200 as shown in FIG. 2. The external switches allow for
electrical coupling between various circuits internal to trans-
ceiver units 106 and 116, for example, as shown in FIGS.
4A, 4B, and 4C.

According to one exemplary embodiment, external
switches couple or decouple power sources to external
communication devices. According to some embodiments,
external switches 204, 206, 208 and 224 allow a four wire
external communication device 112 connected to transceiver
unit 116 to communicate with a two wire external commu-
nication device 108 connected to transceiver unit 106 by
electrically coupling circuits compatible with the external
communication device connected to each transceiver unit.
Transceiver units may receive communication links 122
from external communication devices at input/output (1/O)
ports 212, 216, 220, and 222 as shown on another exterior
surface 202 of transceiver units 116 and 106. Exterior
surface 202 may include several 1/O ports compatible with
various external devices, according to some embodiments.
An exterior surface of the transceiver units 116 and 106 may
also include an I/O port for fiber optic link 120. Furthermore,
exterior surfaces may also include lights 212, such as LED
lights, to monitor various data connectivity and power
supply conditions. Users may use lights 212 to determine if
communication links are not properly transmitting or receiv-
ing data. As shown in FIG. 2, switches 204, 206, 208 and
224 are all disposed on a single housing, along with input/
output ports 212, 216, 220, and 222, and the circuit com-
ponents coupled to these elements are all disposed within a
single housing. According to one exemplary embodiment,
all elements described as being within or on a single
transceiver unit are within or on a single housing. One or
more of these elements may be disposed on single side or
face of the housing, or on different sides in alternative
embodiments.

Furthermore, if a transceiver unit is being connected to a
four wire external communication device such as a device
112, a user will move “mode” switch 206 to the 4W position,
as shown in FIG. 2. Furthermore, the user may also move the
“system” switch 204 to a position indicating the manufac-
turer of the external communication device. The system
switch 204 may electrically couple circuits within trans-
ceiver unit 116 or 106 that are compatible with a particular
manufacturers communication protocol and pin out desig-
nations, for example. In addition, “4W mode” switch 208
electrically couples circuitry compatible with the type of
four wire mode device being used such as a station device
or a matrix frame device.

In addition, if the two wire mode option is selected at
switch 206, a user must further select a power mode for the
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two wire external communication device coupled to the
transceiver unit at switch 224, according to some embodi-
ments. The power mode selection of “wet” or “dry” refers to
whether power is being supplied to the external communi-
cation device, such as two wire device 108. According to
some embodiments, if power is being supplied to an external
communication device, the “wet” option is selected, and if
power is not being supplied, the “dry” option is selected. The
dry option may be selected because power is being supplied
to the external communication device from an alternate
source. Although exterior surface 200 depicts two options
for each external switch, three, four, or more options may be
implemented for each external switch, to accommodate
various manufacturers and matrix devices, for example.

According to one exemplary embodiment, a user connect-
ing a four wire station device manufactured by a first
company, such as RTS™ for example, would select the
switch positions as shown on transceiver exterior surface
200 as shown in FIG. 2. RTS™ is one of a variety of
companies that produce communication devices such as
intercom devices or external communication devices that
may be operatively connected to transmission systems 100,
102, and 104, for example, as external communication
devices 108, 110, 112, 114, and 118. Four wire devices such
as station devices and matrix devices may connect to /O
ports 220 and 222 designed for four wire devices, for
example. According to some embodiments, transceiver exte-
rior 202 includes 1/O ports 220 and 222 that accept various
connectors compatible with four wire devices, such as
registered jack (RJ) modular connectors. Connectors such as
RJ connectors have varying pin out counts and pin desig-
nations. For example, the RJ45 connector uses 8 pins or
electrical contacts, where each of the 8 pins or electrical
contacts may be designated for data such as audio in, audio
out, control data in and control data out. Each manufacturer
of external communication devices may designated different
data for each of the connector pins or electrical contacts.

For example, for a user connecting a transceiver unit to a
four wire station device manufactured by a second company,
such as Clear-Com® for example, the switch combination
shown in element 302 would be selected. Clear-Com®
station devices are designed to be used with RJ connectors
with the pin out designations as shown in table 310. FIG. 4B
shows the internal circuitry of a transceiver unit when switch
combination 302 is selected. According to some embodi-
ments, when mode switch 206 is designated as being in four
wire mode, circuit 420 is electrically coupled to the audio
switching and control circuit 496, denoted by the “enabled”
designation in FIG. 4B. According to some embodiments,
the FPGA is programmed to receive one or more input
control signals from external switch circuitry 430 and trans-
mit control signals to various circuits such as circuit 496 to
electrically couple a received or transmitted serial bit signal
454 to 1/O ports 440, 442, 450, and 452, located at circuits
420 and 422, for example. According to some embodiments,
the control signal transmitted from the FPGA or other
processing circuit is used at circuits such as circuit 496 to
change the position of a switch that alters electrical coupling
between various circuits.

According to some embodiments, when mode switch 206
selects a two wire mode, the FPGA transmits a control signal
to circuit 408 to electrically couple received multiplexed
data 454 to two wire circuit 408 containing two wire ports
450 and 452, so that the data contained in optical signal 480
can effectively be communicated to an external communi-
cation device connected to a two wire /O port at the
transceiver unit shown in FIG. 4A, for example. Similarly,
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in four wire mode, FPGA control circuit may transmit
control data to circuit 420 and/or circuit 496 to communicate
the pin out designations shown in tables 310, 312, 314, and
316 associated with various systems and mode combinations
that may be selected on transceiver unit exterior shown by
elements 302, 304, 306 and 308 to transmit to and receive
the proper audio and data channels from multiplexer/demul-
tiplexer 434.

Furthermore, 1/O ports 322 and 324 may be designed to
be compatible with connectors associated with particular
two wire and four wire connectors. As stated above, four
wire external communication devices may be limited to
using the I/O ports designated by box 328, which are
designed to receive RJ connectors, while ports designated by
box 326 may be limited to receiving two wire type connec-
tors, such as XLLR connectors, according to some embodi-
ments. For example, three pin XLLR connectors may provide
power, audio and return connections to a microphone cable
and handset combination 108. As in the case of the four wire
pin designations shown in tables 310, 312, 314 and 316,
manufacturers of two wire XLLR connectors may also assign
variant pin designations that are accounted for by providing
separate 1/O ports 322. In addition, I/O ports may be aligned
such that particular rows of 1/O ports, whether for a two-wire
connection or a four wire connection are assigned to a
particular manufacturer such as box 340 devoted to RTS™
manufactured devices, and box 330 devoted to Clear-Com®
manufactured devices, for example.

In addition, when two wire mode is selected at external
switch 206, a user may additionally select an option of
powering an external two wire communication device by
selecting “wet” on external switch 224. This switch selection
prompts the FPGA, as shown in FIG. 4A, to send a control
signal to the power supply control circuit to electrically
couple power supplies to output pins on two wire ports 450
and 452. According to some embodiments, power may be
supplied from either a DC power input port or an internal
30V supply as shown in circuit element 410. According to
other various embodiments, an external power supply is a
default power source and the internal 30V supply is only
used if an external power supply is not detected by the power
supply control circuit in order to conserve the internal 30V
power supply.

Because external switch positions on a first transceiver
unit 116 and a second transceiver unit 106 account for
variant devices and communication protocols, bidirectional
fiber optic transmission systems may provide communica-
tions between a two wire device at a first transceiver 106 and
a four wire device at a second transceiver 116, as shown in
system 102, for example. Furthermore, the bidirectional
fiber optic transmission system can provide communications
between devices from different manufacturers with different
connectors and communication protocols, such as an RTS™
manufactured two wire device, and a Clear-Com® manu-
factured four wire device, for example.

FIG. 5 depicts a flow chart of a process that takes place
at each transceiver unit to provide bidirectional communi-
cation between external communication devices of variant
manufacturer, power requirements, and device type accord-
ing to one exemplary embodiment. At step 500, an optical
signal is received at a first transceiver unit, such as trans-
ceiver unit 106, from a second transceiver unit 116. Trans-
ceiver units are designated as a first or second transceiver
unit merely to distinguish a transmitting transceiver from a
receiving transceiver for the purposes of illustration, accord-
ingly, the terms first and second therefore are interchange-
able.
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Once an optical signal is received at a WDM 470 at step
502, the optical signal is converted into an electrical signal
at a laser detector 460 at step 504. Subsequently, the
electrical communication signal is demultiplexed into com-
ponent audio channels, data and timing signals, for example
at demultiplexer 434, at step 506. Steps 510, 516, 522, and
538, for example, are determined in accordance with the
control signals from external switches 204, 206, 208, and
224, represented as circuit 430 in FIG. 4A. The control
signals from circuit 430 are received at a processing circuit
such as the FPGA circuit shown in FIG. 4A, for example.
Once the control signals from the external switches are
received at the FPGA, the FPGA transmits a circuit control
signal based on the external switch control signals, to the
audio direction switching and control circuit 496, for
example, to determine whether the demultiplexed electrical
signal will be coupled to a two wire intercom output circuit
408, or a four wire intercom output circuit 406 at steps 508
and 510. The first circuit referred to in step 508 is the mode
switch 206, according to some embodiments while the
second circuit referred to in step 536 is the system switch
204, according to some embodiments.

According to one exemplary embodiment, the two switch
combinations as shown in elements 302, 304, 306, and 308
determine which output port 440, 442, 450, 452, will be
electrically coupled to the audio data from MUX/DEMUX
434. For example, if the control signals from switching
circuit 430 send control signals to the FPGA circuit indi-
cating a 2 wire mode is selected (at step 510), a power
supply is selected (at step 522), and the system manufacturer
is Clear-Com®, (at step 536 and 538), the FPGA circuit will
transmit a control signal to circuit 496 coupling the received
downstream signal to an I/O port, for example, port 452,
compatible with Clear-Com® pin out designations within
two wire I/O circuit 408. In addition, FPGA will also send
a control signal at step 532 to couple a power supply 410 to
the output pin in port 452 designated by a manufacturer such
as Clear-Com® as the power output pin.

Referring again to FIG. 5, at step 538, a communication
protocol associated with a system selection from switch 204,
as RS-422 or RS-485 communication protocol is transmitted
to circuit 420 so that the electrical communication signal is
translated into the proper pin designations and pin voltages
required by a selected communication protocol. According
to some embodiments, a particular manufacturer may use a
particular communication protocol. For example, tables 310,
312, 314, and 316 show exemplary pin designation required
by a communication protocol used by a particular manufac-
turer. For example, element 304 shows that a Clear-Com®
matrix device is selected, which corresponds to a RS-422
communication protocol and the pin designations shown in
table 312. Accordingly, by selecting external switch combi-
nation shown in element 314, the FPGA receives control
signals from steps 510 (from external switch 206), 536 (from
with external switch 204), 516 (from external switch 208),
and 522 (from external switch 522) and will transmit a
control signal based on those control signals to circuit 496
to electrically couple multiplexed signal 454 to a four wire
output port in circuit 420 at the pins shown in table 312,
according to some embodiments. According to some
embodiments, the FPGA will communicate control signals
to a mechanism such as a switching mechanism to perform
the electrical coupling detailed in steps 528, 530, 532, and
534, for example.

Furthermore, if a four wire mode has been selected at step
510, the FPGA will also communicate a control signal to
four wire circuit 420 to communicate a protocol associated
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with a particular manufacturer such as RS-422 or RS-485.
According to some embodiments, the control signal com-
municated to circuit 420 ensures the electrical communica-
tion signal is translated into the proper pin out connections
and pin-out voltages. According to some embodiments, the
FPGA translates control signals from switching circuit 430
into control signals for circuits 496, 420, and the power
supply control circuit by executing instructions such as a
computer program code stored in memory using at least one
processing circuit located at FPGA 434.

While the detailed drawings, specific examples and par-
ticular formulations given describe preferred and exemplary
embodiments, they serve the purpose of illustration only.
The inventions disclosed are not limited to the specific forms
shown. For example, the methods may be performed in any
of'a variety of sequence of steps. The hardware and software
configurations shown and described may differ depending
on the chosen performance characteristics and physical
characteristics of the computing devices. For example, the
type of computing device, communications bus, or processor
used may differ. The systems and methods depicted and
described are not limited to the precise details and condi-
tions disclosed. Furthermore, other substitutions, modifica-
tions, changes, and omissions may be made in the design,
operating conditions, and arrangement of the exemplary
embodiments without departing from the scope of the inven-
tion as expressed in the appended claims.

The operations described in this specification can be
implemented as operations performed by a data processing
apparatus on data stored on one or more computer-readable
storage devices or received from other sources. The term
“data processing apparatus” or “computing device” encom-
passes all kinds of apparatus, devices, and machines for
processing data, including by way of example a program-
mable processor, a computer, a system on a chip, or multiple
ones, or combinations, of the foregoing The apparatus can
include special purpose logic circuitry, e.g., an FPGA (field
programmable gate array) or an ASIC (application-specific
integrated circuit). The apparatus can also include, in addi-
tion to hardware, code that creates an execution environment
for the computer program in question, e.g., code that con-
stitutes processor firmware, a protocol stack, a database
management system, an operating system, a cross-platform
runtime environment, a virtual machine, or a combination of
one or more of them. The apparatus and execution environ-
ment can realize various different computing model infra-
structures, such as web services, distributed computing and
grid computing infrastructures.

A computer program (also known as a program, software,
software application, script, or code) can be written in any
form of programming language, including compiled or
interpreted languages, declarative or procedural languages,
and it can be deployed in any form, including as a stand-
alone program or as a module, component, subroutine,
object, or other unit suitable for use in a computing envi-
ronment. A computer program may, but need not, correspond
to a file in a file system. A program can be stored in a portion
of a file that holds other programs or data (e.g., one or more
scripts stored in a markup language document), in a single
file dedicated to the program in question, or in multiple
coordinated files (e.g., files that store one or more modules,
sub-programs, or portions of code). A computer program can
be deployed to be executed on one computer or on multiple
computers that are located at one site or distributed across
multiple sites and interconnected by a communication net-
work.
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The processes and logic flows described in this specifi-
cation can be performed by one or more programmable
processors executing one or more computer programs to
perform actions by operating on input data and generating
output. The processes and logic flows can also be performed
by, and apparatus can also be implemented as, special
purpose logic circuitry, e.g., an FPGA (field programmable
gate array) or an ASIC (application-specific integrated cir-
cuit).

Processors suitable for the execution of a computer pro-
gram include, by way of example, both general and special
purpose microprocessors, and any one or more processors of
any kind of digital computer. Generally, a processor will
receive instructions and data from a read-only memory or a
random access memory or both. The essential elements of a
computer are a processor for performing actions in accor-
dance with instructions and one or more memory devices for
storing instructions and data. Generally, a computer will also
include, or be operatively coupled to receive data from or
transfer data to, or both, one or more mass storage devices
for storing data, e.g., magnetic, magneto-optical disks, or
optical disks. However, a computer need not have such
devices. Moreover, a computer can be embedded in another
device, e.g., a mobile telephone, a personal digital assistant
(PDA), a mobile audio or video player, a game console, a
Global Positioning System (GPS) receiver, or a portable
storage device (e.g., a universal serial bus (USB) flash
drive), to name just a few. Devices suitable for storing
computer program instructions and data include all forms of
non-volatile memory, media and memory devices, including
by way of example semiconductor memory devices, e.g.,
EPROM, EEPROM, and flash memory devices; magnetic
disks, e.g., internal hard disks or removable disks; magneto-
optical disks; and CD-ROM and DVD-ROM disks. The
processor and the memory can be supplemented by, or
incorporated in, special purpose logic circuitry.

While this specification contains many specific imple-
mentation details, these should not be construed as limita-
tions on the scope of any inventions or of what may be
claimed, but rather as descriptions of features specific to
particular embodiments of particular inventions. Certain
features that are described in this specification in the context
of separate embodiments can also be implemented in com-
bination in a single embodiment. Conversely, various fea-
tures that are described in the context of a single embodi-
ment can also be implemented in multiple embodiments
separately or in any suitable subcombination. Moreover,
although features may be described above as acting in
certain combinations and even initially claimed as such, one
or more features from a claimed combination can in some
cases be excised from the combination, and the claimed
combination may be directed to a subcombination or varia-
tion of a subcombination.

Similarly, while operations are depicted in the drawings in
a particular order, this should not be understood as requiring
that such operations be performed in the particular order
shown or in sequential order, or that all illustrated operations
be performed, to achieve desirable results. In certain cir-
cumstances, multitasking and parallel processing may be
advantageous. Moreover, the separation of various system
components in the embodiments described above should not
be understood as requiring such separation in all embodi-
ments, and it should be understood that the described
program components and systems can generally be inte-
grated together in a single software product or packaged into
multiple software products.
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Thus, particular embodiments of the subject matter have
been described. Other embodiments are within the scope of
the following claims. In some cases, the actions recited in
the claims can be performed in a different order and still
achieve desirable results. In addition, the processes depicted
in the accompanying figures do not necessarily require the
particular order shown, or sequential order, to achieve
desirable results. In certain implementations, multitasking
and parallel processing may be advantageous.

What is claimed is:

1. A system receiving a downstream optical signal at a
transceiver unit coupled to an intercom system, the system
comprising:

a receiver at a transceiver unit that receives a downstream
optical signal and converts the downstream optical
signal into an electrical communication signal;

a first circuit in the transceiver unit that determines
whether the transceiver unit couples the electrical com-
munication signal to a two wire intercom circuit or a
four wire intercom circuit;

a second circuit in the transceiver unit that determines
whether the transceiver unit couples the electrical com-
munication signal to a four wire intercom station circuit
or a four wire intercom matrix circuit in the case that
the first circuit determines the electrical communica-
tion signal is coupled to a four wire intercom circuit
based on a switch position of a switch of the transceiver
unit; and

an output port on the transceiver unit that outputs either a
two wire intercom signal or a four wire intercom signal
to an external communication device based on the first
circuit determination.

2. The system of claim 1, further comprising:

a fourth circuit in the transceiver unit that determines a
power source for an external communication device
coupled to the electrical communication signal in the
case that the first circuit determines the electrical
communication signal is coupled to a two wire inter-
com circuit based on a switch position of a fourth
switch of the transceiver unit.

3. The system of claim 1, further comprising a battery

contained within the exterior surface of the transceiver unit.

4. The system of claim 1, further comprising an external
direct current power supply.

5. The system of claim 1, further comprising an input port
coupled to an optical transmitter on the transceiver unit that
converts an input electrical communication signal into an
upstream optical signal.

6. The system of claim 5, further comprising a wavelength
division multiplexer for multiplexing a downstream optical
signal and the upstream optical signal to permit bidirectional
communication.

7. The system of claim 6, further comprising a wavelength
division demultiplexer for separating the downstream opti-
cal signal from the upstream optical signal.

8. The system of claim 1, wherein the second circuit is
configured to utilize a first communications protocol or a
second communications protocol without requiring separate
hardware units, communication lines, and/or input/output
ports.

9. A method of receiving an optical signal at a transceiver
unit coupled to an intercom system, the method comprising:

receiving an optical signal at a transceiver unit;

converting the optical signal into an electrical communi-
cation signal; and

determining, by a first circuit in the transceiver unit,
whether the transceiver unit couples the electrical com-
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munication signal to a four wire intercom station circuit
or a four wire intercom matrix circuit in the case that a
second circuit determines the electrical communication
signal is coupled to a four wire intercom circuit based
on a switch position of a first switch of the transceiver
unit.

10. The method of claim 9, further comprising selecting,
by a power supply controller in the transceiver unit, a power
source for an external communication device coupled to the
electrical communication signal in the case that the second
circuit determines the electrical communication signal is
coupled to a two wire intercom circuit based on a switch
position of a second switch of the transceiver unit.

11. The method of claim 10, wherein the selected power
source comprises a battery contained within the exterior
surface of the transceiver unit.

12. The method of claim 10, wherein the selected power
source comprises an external direct current power supply.

13. The method of claim 9, further comprising converting
an input electrical communication signal into an upstream
optical signal, by an input port coupled to an optical trans-
mitter on the transceiver unit.

14. The method of claim 13, further comprising multi-
plexing a downstream optical signal and the upstream opti-
cal signal to permit bidirectional communication, by a
wavelength division multiplexer of the transceiver unit.

15. The method of claim 14, further comprising separat-
ing the downstream optical signal from the upstream optical
signal, by a wavelength division demultiplexer of the trans-
ceiver unit.

16. The method of claim 9, further comprising:

coupling the electrical communication signal to one of a
two wire intercom circuit and a four wire intercom
circuit, responsive to a setting of the second circuit.

17. The method of claim 16, further comprising:

transmitting the electrical communication signal to an
external communication device as either a two wire
intercom signal or a four wire intercom signal, based on
the setting of the second circuit, and in a communica-
tion protocol determined by a third circuit based on a
control signal selectively output according to a switch
position of a second switch of the transceiver unit.

18. The method of claim 17, wherein transmitting the
electrical signal to an external communication device in a
communication protocol determined by the second circuit
further comprises transmitting the electrical signal in a first
communications protocol or a second communications pro-
tocol without requiring separate communication interfaces.

19. The method of claim 17, wherein transmitting the
electrical signal to an external communication device further
comprises transmitting the electrical signal via an output
port on the transceiver unit that outputs either a two wire
intercom signal or a four wire intercom signal to the external
communication device based on the first circuit determina-
tion.

20. A multi-mode intercom transceiver system for
dynamically connecting different multi-wire systems so as to
allow a single digital/analog hardware unit, communication
line, and/or input/output port to dynamically interface with
not only a digital communication system, but also an analog
communication system, comprising:

a first passive switch configured to passively relay a first
control signal associated with a first physical hardware
unit, communication line, and/or input/output port for-
mat and a second control signal associated with a
second physical hardware unit, communication line,
and/or input/output port format;
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a first circuit configured to selectively connect a single
digital/analog hardware unit, communication line, and/
or input/output port to a first physical hardware unit,
communication line, and/or input/output port based on
the first control signal relayed by the first passive
switch so as to interface with an analog communication
system,

wherein the first circuit is also configured to selectively
connect the single digital/analog hardware unit, com-
munication line, and/or input/output port to a second
physical hardware unit, communication line, and/or
input/output port based on the second control signal
relayed by the first passive switch so as to interface
with a digital communication system, the second physi-
cal hardware unit, communication line, and/or input/
output port different from the first physical hardware
unit, communication line, and/or input/output port;

a second passive switch configured to passively relay a
third control signal associated with a first digital com-
munications protocol and a fourth control signal asso-
ciated with a second digital communications protocol;

a second circuit configured to selectively connect the
single digital/analog hardware unit, communication
line, and/or input/output port to a first pin structure of
a multi-pin communication interface based on the third
control signal relayed by the second passive switch so
as to select a first pinout configuration that allows the
single digital/analog hardware unit, communication
line, and/or input/output port to dynamically interface
with the digital communications system via a first
digital communications protocol;

wherein the second circuit is also configured to selectively
connect the single digital/analog hardware unit, com-
munication line, and/or input/output port to a second
pin structure of the multi-pin communication interface
based on the fourth control signal relayed by the second
passive switch so as to select a second pinout configu-
ration that allows the single digital hardware unit,
communication line, and/or input/output port to
dynamically interface with the digital communications
system via a second digital communications protocol,
the second pin structure being different from the first
pin structure;

wherein the first pin structure and the second pin structure
each comprise at least two pins;

wherein the first physical hardware unit, communication
line, and/or input/output port comprises a 2-wire sys-
tem and the second physical hardware unit, communi-
cation line, and/or input/output port comprises a 4-wire
system; and

wherein the first digital communications protocol com-
prises a first serial data protocol and the second digital
communications protocol comprises a second serial
data protocol.

21. The system of claim 20, wherein the first passive
switch is configured to relay the first control signal when the
first passive switch is in a first position and relay the second
control signal when the first passive switch is in a second
position.

22. The system of claim 20, further comprising a third
circuit configured to selectively disable the second circuit
when the first control signal is relayed by the first passive
switch, or enable the second circuit when the second control
signal is relayed by the first passive switch.

23. The system of claim 20, further comprising a third
circuit configured to selectively connect a power source for
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an external communication device to the first physical
hardware unit, communication line, and/or input/output port.

24. The system of claim 20, further comprising a battery
contained within an exterior surface of the multi-mode
intercom transceiver system or an external direct current
power supply.

25. The system of claim 20, further comprising an optical
transmitter configured to convert an input electrical com-
munication signal into an upstream optical signal via an
optical fiber.

26. The system of claim 25, further comprising a wave-
length division multiplexer configured to multiplex a down-
stream optical signal and the upstream optical signal so as to
permit bidirectional communication via the optical fiber.

27. The system of claim 25, further comprising a wave-
length division demultiplexer configured to separate a down-
stream optical signal from the upstream optical signal.

28. The system of claim 20, wherein the single digital/
analog hardware unit, communication line, and/or input/
output port is configured to interface with the digital com-
munications system via the first digital communications
protocol or the second digital communications protocol
without requiring separate hardware units, communication
lines, and/or input/output ports.

29. The system of claim 20, further comprising an output
port on the transceiver unit that outputs either a two wire
intercom signal or a four wire intercom signal to an external
communication device based respectively on the first circuit
selectively connecting the single digital/analog hardware
unit, communication line, and/or input/output port to the first
physical hardware unit, communication line, and/or input/
output port or on the second circuit selectively connecting
the single digital/analog hardware unit, communication line,
and/or input/output port to the first physical hardware unit,
communication line, and/or input/output port.

30. A system for dynamically connecting an intercom
system transceiver to different multi-wire systems so as to
allow a serial hardware unit, communication line, and/or
input/output port to dynamically interface with not only a
digital communication protocol system, but also an analog
communication protocol system, comprising:

a passive switch configured to passively relay a first
control signal associated with a first digital communi-
cations protocol and a second control signal associated
with a second digital communications protocol;

a switching and control circuit of an intercom system
transceiver configured to interface with digital commu-
nication protocol systems and an analog communica-
tion protocol system, the switching and control circuit
configured to select a first pinout configuration, where
a serial hardware unit, communication line, and/or
input/output port is connected to a first pin structure of
a multi-pin communication hardware unit, communi-
cation line, and/or input/output port based on the first
control signal relayed by the passive switch and where
the serial hardware unit, communication line, and/or
input/output port is configured to interface with a first
digital communications system by utilizing the first
digital communications protocol, the first pinout con-
figuration allowing the serial hardware unit, commu-
nication line, and/or input/output port to dynamically
interface with the first digital communications system;
and

wherein the switching and control circuit is also config-
ured to select a second pinout configuration, where the
serial hardware unit, communication line, and/or input/
output port is connected to a second pin structure of the
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multi-pin communication hardware unit, communica-
tion line, and/or input/output port based on the second
control signal relayed by the switch and where the
serial hardware unit, communication line, and/or input/
output port is configured to interface with a second
digital communications system by utilizing the second
digital communications protocol, the second pinout
configuration allowing the serial hardware unit, com-
munication line, and/or input/output port to dynami-
cally interface with the second digital communications
system, the second pin structure being different from
the first pin structure.

31. The system of claim 30, wherein the passive switch is
a first passive switch, and the multi-pin communication
hardware unit, communication line, and/or input/output port
is a first multi-pin communication hardware unit, commu-
nication line, and/or input/output port; and further compris-
ing:
a digital/analog hardware unit, communication line, and/

or input/output port, the digital/analog hardware unit,

communication line, and/or input/output port compris-
ing the serial hardware unit, communication line, and/
or input/output port;

a second passive switch configured to passively relay a

third control signal associated with the first circuit and
a fourth control signal associated with an analog com-
munications system.

32. The system of claim 31, further comprising an output
port on the transceiver unit that outputs either a two wire
intercom signal or a four wire intercom signal to an external
communication device based on a position of the second
passive switch.

33. The system of claim 31, further comprising:

an audio controller configured to selectively connect the

digital/analog hardware unit, communication line, and/
or input/output port to the first multi-pin communica-
tion hardware unit, communication line, and/or input/
output port based on the third control signal relayed by
the second passive switch so as to allow the digital/
analog hardware unit, communication line, and/or
input/output port to interface with the first digital
communications system or the second digital commu-
nications system; and

wherein the audio controller is also configured to selec-

tively connect the digital/analog hardware unit, com-
munication line, and/or input/output port to a second
multi-pin communication hardware unit, communica-
tion line, and/or input/output port based on the fourth
control signal relayed by the second passive switch so
as to allow the digital/analog hardware unit, commu-
nication line, and/or input/output port to interface with
the analog communications protocol system.

34. The system of claim 31, wherein the analog commu-
nications system comprises a two-wire system, and the first
digital communications system and second digital commu-
nications system each comprise a four-wire system.

35. The system of claim 30, wherein the passive switch is
configured to relay the first control signal when the passive
switch is in a first position and relay the second control
signal when the passive switch is in a second position.

36. The system of claim 30, wherein the passive switch
comprises a first passive switch, and further comprising:

a second passive switch configured to relay a third control

signal and a fourth control signal; and

wherein the switching and control circuit is further con-

figured to selectively enable the serial hardware unit,
communication line, and/or input/output port when the
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third control signal is relayed by the second passive
switch, or disable the serial hardware unit, communi-
cation line, and/or input/output port when the fourth
control signal is relayed by the second switch.

37. The system of claim 30, further comprising a power
supply controller configured to selectively connect a power
source for an external communication device to a second
multi-pin communication hardware unit, communication
line, and/or input/output port.

38. The system of claim 30, further comprising a battery
contained within an exterior surface of the intercom system
transceiver or an external direct current power supply.

39. The system of claim 30, further comprising an optical
transmitter configured to convert an input electrical com-
munication signal into an upstream optical signal via a fiber
optic line.

40. The system of claim 39, further comprising a wave-
length division multiplexer configured to multiplex a down-
stream optical signal and the upstream optical signal to
permit bidirectional communication via the fiber optic line.

41. The system of claim 39, further comprising a wave-
length division demultiplexer configured to separate a down-
stream optical signal from the upstream optical signal.

42. The system of claim 30, wherein the serial hardware
unit, communication line, and/or input/output port is con-
figured to interface with the first digital communications
system via the first digital communications protocol or the
second digital communications system via the second digital
communications protocol without requiring separate hard-
ware units, communication lines, and/or input/output ports.

43. The system of claim 30, wherein the first digital
communications protocol comprises first serial data, and the
second digital communications protocol comprises second
serial data.

44. A transceiver system for interfacing with different
communication systems each having different communica-
tion protocols, comprising:

a switching and control circuit configured to electrically
connect a communications hardware unit, communica-
tion line, and/or input/output port with a first set of pins
of'a multi-pin input/output port based on a first control
signal so as to select a first pinout configuration of the
multi-pin input/output port that allows the communi-
cations hardware unit, communication line, and/or
input/output port to communicate data by utilizing a
first communications protocol; and

wherein the switching and control circuit is configured to
electrically connect the communications hardware unit,
communication line, and/or input/output port with a
second set of pins of the multi-pin input/output port
different from the first set of pins based on a second
control signal so as to select a second pinout configu-
ration of the multi-pin input/output port that allows the
communications hardware unit, communication line,
and/or input/output port to communicate data by uti-
lizing a second communications protocol different from
the first communications protocol.

45. The system of claim 44, wherein the first set of pins

and the second set of pins each comprise at least two pins.
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46. The system of claim 44, further comprising a switch
configured to relay the first control signal and the second
control signal.

47. The system of claim 46, wherein the switch comprises
a passive switch.

48. The system of claim 46, wherein the switch is con-
figured to generate the first control signal when the switch is
in a first position and generate the second control signal
when the switch is in a second position.

49. The system of claim 44, wherein the communications
hardware unit, communication line, and/or input/output port
is configured to utilize the first communications protocol or
the second communications protocol without requiring sepa-
rate hardware units, communication lines, and/or input/
output ports.

50. The system of claim 44, wherein the communications
hardware unit, communication line, and/or input/output port
comprises a single digital/analog hardware unit, communi-
cation line, and/or input/output port.

51. The system of claim 50, wherein the switching and
control circuit is further configured to enable digital com-
munications of the digital/analog hardware unit, communi-
cation line, and/or input/output port based on a third control
signal, or disable digital communications of the digital/
analog hardware unit, communication line, and/or input/
output port based on a fourth control signal.

52. The system of claim 51, further comprising a switch
configured to relay the third control signal and the fourth
control signal.

53. The system of claim 51, further comprising an output
port on the transceiver system that outputs either a four wire
intercom signal or a two wire intercom signal to an external
communication device based respectively on the third con-
trol signal or the fourth control signal.

54. The system of claim 44, further comprising a power
supply controller configured to connect a power source for
an external communication device to a second multi-pin
communication hardware unit, communication line, and/or
input/output port.

55. The system of claim 44, further comprising a battery
contained within an exterior surface of the transceiver
system or an external direct current power supply.

56. The system of claim 44, further comprising an optical
transmitter configured to convert an input electrical com-
munication signal into an upstream optical signal via a fiber
optic line.

57. The system of claim 56, further comprising a wave-
length division multiplexer configured to multiplex a down-
stream optical signal and the upstream optical signal to
permit bidirectional communication via the fiber optic line.

58. The system of claim 56, further comprising a wave-
length division demultiplexer configured to separate a down-
stream optical signal from the upstream optical signal.

59. The system of claim 44, wherein the first communi-
cations protocol comprises a first digital communications
protocol configured to communicate first serial data, and the
second digital communications protocol comprises a second
digital communications protocol configured to communicate
second serial data.



