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(57) Abrégée/Abstract:

A distance extender (100, 200) for increasing a distance between a first device (145) and a second device (150) In electrical
communication with the first device includes an electrical cable (130, 230) electrically coupled between the first device and the
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(57) Abrege(suite)/Abstract(continued):

second device, a first subsystem (110, 210) electrically coupled to the first end of the electrical cable, and a second subsystem
(120, 220) electrically coupled to the second end of the electrical cable. The electrical cable includes a first end (131, 231), a
second end (132, 232), and a plurality of wires extending between the first end and the second end. The plurality of wires includes
a first wire, the first device generates a data signal and provides an electrical power signal, and the data signal and the electrical
power signal are simultaneously transmitted between the first device and the second device over the first wire.
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DISTANCE EXTENDER AND METHOD MAKING USE OF SAME

_ ABSTRACT OF THE DISCLLOSURE

A distance extender (100, 200) for increasing ‘ a distance between a first device (145) and
a second device (150) in electrical communication with the first devicé mncludes an electrical
cable (130, 230) electrically. coupled be\twé.-en- the first de?icc’ and the second device, a first
subsystem (110, 210) élec'trically cOupled to t_he,-ﬁrst- ‘en.d of the electrical cable, and a seéond
subsystem (120, 220) electrically cdupléd to the second end of the electrical bable. The electrical
cable mcludes a first end (131, 231), a second-'end (13?2, 232)', and a plurality of wires extending .
between the first end and the second chd. The plu;ality of Wires inci’udes_ a fust wire, the first

device generates a data signal and provides an 'électric'al power signal, and the data signal and the

~electrical power signal are simultaneously transmitted between the first device and the second

device over the first wire.
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DISTANCE EXTENDER AND METHOD MAKING USE OF SAME

FIELD OF THE INVENTION |
This invention relates generally to electrical signal transmission in electronic systems,

and relates more particularly to keyboard, video, and mouse extenders.

BACKGROUND {OF ‘THE IN VENTION -

' Electronic systems, such as computer systems, rely for proper operation on the
transmission of electronic signals among the yarious components of the system. In a computér
system, for example, electronic signals rhu.St bé_ transmitted from the computer to a keyboard, a
video monitor, a mouse, and any other pg‘riphetal ,électronic devices coupled to the computer.
The acronym KVM will be u,sed herein tomeah “keyboard, video monitor, and mouse,” ‘
following a practice that is standard in the art. : Additionally, the phrase “peripheral device” will
be used herein to mean any electronic device coupled to a computer or fonhinga part of any
electr.onic system, including a keyboard,-é videé monitor; and a mouse.

Under certain circumstances it may be desirable to place the computer in one location and

- to place the peripheral devices in another location separated from the computer’s location by a

certain distance. An example of such a circumstance 1s where the computer must be in an
environment,pe-rhaps apart,'icular_roo'm in a buildmg, where parameters such as access,
temperature, humidity, and the like are careﬁil~ly controlled but where the ~periphera.l devices may
be located in an E;n-virom’neng perhaps aﬁot.her' mom. in the buildfmg, where control over such
pararmeters 1s less critical. Another exampleof ,gﬁch a circumstance is where a single keyboard,

videc monitor, and mouse, referred to collectively herein as an “operator control center” or an
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“OCC,” are adapted to control several cOmputers,_'whe're. the several cémputers may be located at
a distance from the operator control center. '

KVM extenders have been dcvelop.ed in order to increase the distance by which an
operator control center can be separated from a computer. Existing_KVM extenders include a
local subsystem, a remote subsystem, and a cable coupled between the local and remote
subsystems. The local subsystem 1s coupled to‘fa computer and/or," 1f applicable, to a KVM
Switch that switches control from one to .another of several computers being controlled by an
operator Controlcenter.' The rembte subs'ystem, 1s 'coupled to the OCC. Electronic signals may be
transmitted between the computer and the OCC across the cable via. the local and remote
subsystems.

Both the local and remote subsystems of existing KVM extenders require the use of
power supplies, altermating current (AC) adap_térs;, or the like to pfov.ide power to the subsystems.
Such power supplies, AC adapters, 'a_nd the\li_kejare-bulky and take up a significant amount of '
space. In many énvironnients, such as in a server rack or in an environmentally cc’.)ntrolledroom,

space is at a premium, and the presence of a power supply or an AC adapter is an inefficient use

of that space. Accordingly, there exists a need for a KVM extender providing all of the

f-unctionality of existing KVM extenders but that does not require a separate power supply or AC

adapter.

BRIEF DESCRIPTION OF THE DRAWINGS
The invention will be better understood from a reading of the followiﬂg detailed

description, taken in conjunction with the accompanying figures in the drawings in which:
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FIG. 1 1s a block diag-ram of a distance exiender, according to an embodiment of the
invention, shown as part of an electronic System; ' .

FIG. 2 is a block diagram of é.- distance extender, according to ano'ther embodiment of the
invention, shown as part of a different electronic.-sys-tem arranged in a first configuration;

FIG. 3 is a block diagram of the distance eXtender of FIG. 2 shown as part of | the
eleptronic system of FIG. 2 arranged’in a second configuration;

FIG. 4 1s a block diagram of the distance ‘extender'of FIG. 2 shown as part of the
electronic system of F IG.' 2 -arranged in a third configuration;

FIG. 5 is a block diagram of' é- subsystem of the--distanceextenders of FIGs. 1 and 2,
according to an embodiment of the invention; .

FIG. 6 is a block diagram of a different- Subsystem bf the distance extenders of FIGs. 1
and 2, according to an embodiment of the inventidn; ' . -

FIG. 7 is a circuit diagram of a modulation/demodulation circuit. according to an
embodimeﬁ't” of the invention; .

FIG. 8 18 a graph of an amplitude-‘-‘modulated signal of the type produced by the
modulation/demodulation circuit of FIG. 7 according to an embodiment of the invention; .

F G.91s52 gra.ph of an amplitude-modulated signal of the type shown in FIG. 8 riding on
a boosted electrical voltage signal according to :an_embodiment-of the inverit_ion; '

FIG. 10 1s a graph showing a recOvered signal after being modulated and demodulated

according to an embodiment of the invention;

FIG. 11 1s a circuit diagram illi‘isi:mting a portion of the modulation/demodulation circuit

of FIG. 7 and a filter circuit according to an embodiment of the invention;
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FIG. 12 is a circuit diag-ram illustrating a detection ciréuitaccording to an embodiment of
the ivention; N

FIG. 13 is a circuit diagram illustrating a pre-emphasis circuit ‘according to an
embodiment of the invention;

FIG. '1‘4 1S a circult ‘c‘liagram illustrating an attenuation/compensation circuit according to
an embodimént of the invention; and

FIG. 15 is a flow chart illustrating a method for increasing a distance between a computer

and an operator control center in electrical communication with the computer.

For simplicity and clarity of illustfation_, the drawing figures illustrate the.general manner
of construction, and descriptions and dctail_;s' of well-known features and techniques 'may be
omitted to avoid unnecessarily obscuring the invention. Additionally, elements in the drawing
figures are not necessarily drawn to scale. For example, the -dimcns:iOns of some of the elements
in the ﬁgurés may be exaggerated relative to other elements to h_eﬁip immprove understanding of
embodiments of the present invention The same re fere'nc'e numerals in different fi gures denote
the same elements. .

The terms “first,” “second,” "‘third,’f _f‘fourm,"’ and the-jl-ike in the description and in the
claims, 1if any, are used for distinguishingbetivcen. similar elements and not necessarily for
describing a particular sequential or chronological order. It is to be understood that the terms so
used are interchangeable under appropriate. circumstances such that the embodiments of the
invention described herein are, for exam_.ﬂ@ capable of "operation in.' sequences other than those
illustrated or otherwise described hereih, Furthermorcg the terms' “compﬁsﬁ,”.“include,” “have,”
and any variatiors thereof, are.i.ntendedw_-'t;:wer- a nowexclusivét clusion, such that a process,

method, article, or apparatus that comprises a list of elements is not necessarily limited to those
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elements, but may mnclude other ele‘mentsf not -expreSsly listed or inherent b such process,
method, article, Or apparatus.

The terms “left,” “right,” ‘;front,” “back,” “top,” “bottom,” “OVei*,”"‘under,” and'the like
in the déscription and in the claims, if any, are used for descriptive purposes and not necessarily
for describing permanent re‘lative- pbsitions.. It 18 to be understood that the terms so used are
interchangeable under app.ropriate ‘circumsta'nces such that the embodiments of the invention

described herein are, for example, capable of operation in other orientations than those illustrated

or otherwise described herein. The term “coupled,” as used herein, is defined as directly or

indirectly connected in an electrical mechanical, or other manner.

- DETAILED DESCRIPTION OF THE DRAWINGS

In one embodiment of the | invention, a distance extender for increasing a distance
between a first device and a .second_. device in electrical communication with the first device
comprises .an electrical cable electrically c.oupledbetwéen the first deVice and the second device,
a first subsystem électrically coupled to the first énd of the electrical cable, and a second
subsystem electrically coupled to the sécOnd ehd of the- electﬁcal cable. The electrical cable
comprises a first end, a second end, and a plurality. of wires extending between the first end and
the second end. The plurality of wires iﬁchides a first wire, the first device generates a data

signal and provides an electrical power signal,_aﬁnd. the data signal and the electrical power signal

-are simultaneously transmitted between the first device and the second device over the first wire.

FIG. 1 is a block diagram of a distance extender 100, according to an embodiment of the

mvention, shown as part of an electronic system 101. As 1llustrated in FIG. 1, distance extender
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100 comprises a subsystem 110, a subSys.tem 120, and @ electrical c-able 130 electrically
coupled between subsystems 110 and 120. |
As an example, distance extender 100 can be used to increase a di._stanCe between a

device 145 and a device 150, where device 1_.50.' 1s 1 electrical communication with device 145.

'Subsystem 110 and/or subsystem 120 can .comprise' a stand-alone box, module, or the like, or

subsystem 110 and/or subsyste'm 120 can comprnise firmware implemented within a portion of
device 145, device _150, and/or ,another.c()mponent-of distanceeXtender 100. Electriéal cable 130
has an end 131 and an end 132 opposite end 131. Subsystem 110 is electrically coupled to end
131 of electrical cable 130, and subsystem 120 is electl‘ically coupled to end 132 of electrical
cable 130. Electrical cable 130 further comprises a plurality of wires, including a first wire,
extending between end 131 and end 132. .

As will be understood by one having ordinary skill in the a‘rt; electrical cable 130 further
comprises at least a grouﬁd. return wire. In ét- least one 'emquiment, the ,' first Wire 1s one of a pair
of wires, collecti\)ely referred to as a_ ﬁrsf wire pair, and the data signai-and the electrical power

signal are simultaneously transmitted between device 145 and device 150 over the first wire pair,

1n the sense that the electrical power signal and either the positive or negative portion of a

differential data signal can be transmitted on the .ﬁrst wire, while the other wire in the first wire
pair carries the ground return signal as well as the portion of;thejdifferential data signal not sent
on the first wire. ‘ . .

It Wili be imderstood by one éf _ Qrdi_nary skill .‘in the art that the data signal is'- bi
directional, meaning it travels along electrical Cable 130 both from device 3._145- to device 150 as

well as from device 150 to device 145. In an embodiment where device 150 is an OCC and
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“device 145 is a computer, the data signal will most often be generated by device 150 and then

travel across electrical cable 130 to device 145.

Because the electrical power signal is transmitted, as described, across the first wire pair
of electrical cable 130,. the separate AC adapters or extemel poWer supplies required by existing
KVM extenders, as well as the circuitry required to support the AC adaptefs or external power
supplies, are not needed in distance ‘extender 100, ahd are therefore absent from distance
extender :100..F Or a variety'of reasons, the absence of AC adapters " and external power supplies
can be a sigmficant advantage. As an example, AC adapters typically take up as much as two or
three cubic inchesf The outlets or poWerstrips to _which the AC adapter's must be coupled also
require relatively large amounts of space. .Es_pec.ially' m an environment where multiple KVM
extenders are present, such as in a server rack or server room, .the space required by’ the AC
adapters and . the outlets or power S‘trip's can often exceed the 'spa'ce available. Another advantage
of the absenee of AC adapters and external power supplies is that any concern as to whether an
AC adapter will fall out of a wall outlﬁe_t, POWET StTIp, or othef eleetrical outlet may be eliminated.
Yet another advantage 1s that there is no need to take time to physically plug such AC adapters in
to an electrical outlet. . '

In a particular embedimem,_' electrical eable 130 comprises a plurality of unshielded, '
twisted wire pairs, one of which is the first wire pair described above. As an example, electrical
cable 130 can be a Category 5 (CAT 5) cable, a Category 5e (CAT 5e) cable, a Category 6 (CAT
6) cable, a Category 7 (CAT 7) eable; or the Jlike,' collectively refetred to herein as Category 5-
type cable, each of which cemprise four unshielded, twisted 'wire pairs. CAT 5 cable is a
relatively inexpensive cable that is WeH- Suited for electrical signal transmission. Th‘.e other

existing cable types referred to above were developed to extendthe bandwidth and function of
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the original CAT 5 specification. In at least one embodiment where electrical cable 130 1s a
CAT 5 cable, the data signal and the electrical power signal are simultaneously transmitted
across the first wire pair, and red, green, and blue color analog signals are transmitted across
the other three wire pairs.

As further illustrated in FIG. 1, electrical cable 130 1s electrically coupled between
device 145 and device 150. Device 145 and/or device 150 generate data signal, and device
145 generates an electrical power signal, and the bi-directional data signal and the electrical
power signal are simultaneously transmitted between device 145 and device 150 over the
first wire. As an example, the data signal can comprise at least one of mouse data and
keyboard data. As another example, device 145 can be a computer, and device 150 can be
an OCC comprising a keyboard 151, a video monitor 152, and a mouse 153.

In at least one embodiment, subsystem 110, subsystem 120, keyboard 151, and
mouse 153 are powered only by the electrical power signal. As an example, in an
embodiment where device 145 1s a computer, the electrical power signal can be taken from
the positive (+) 5 volt (V) supply pins on the computer ports, such as the PS/2 ports, to
which a keyboard or a mouse are normally connected. The simultaneous transmission of the
electrical power signal and the data signal between device 145 and device 150 across the
first wire pair will be discussed in more detail below. It will be understood by one of
ordinary skill in the art that at least a portion of device 150, such as, for example, video
monitor 152, may require its own power supply when used in connection with distance
extender 100, but any portion so requiring its own power supply 1s one that would also

require 1ts own power when used apart from distance extender 100.

FIG. 2 is a block diagram of a distance extender 200, according to an embodiment of the

invention, shown as part of an electronic system 201 arranged in a first configuration. As
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illustrated in FIG. 2, distance extender 200 comprises a subsystem 210, a subsystem 220, and an
electrical \cable 230 eiectrically coupied bgtween':éubsystemSZIO and 220. As an example,
subsystem 210, subsystem 22,0, and ‘électﬁcal ‘cab]*e 230 can be similar to subsystem 110,
subsystem 120, and electrical cable 130; respcctively, each of which were first shown in FIG. 1.
Distance extender 200 further comprises a switch 240 electrically coupled between_devicie 150
and device 145 as well as é device 2-45\.' As '.anj examplé, device 245 can be sir-nilar\to device 145, ‘
first shown in FIG. 1. Additional devices, all Of Which can élSo'b_e simi:lar‘ to device 145, cén also
form a part of electronic system 201, and*; can also be electrically coupled to switch .2'40,l
depending on the configuration and capacity of switch 240. As an éxample, switch 240 can be a
KVM Switch. As another example, distance exfender 200 can function in a ﬁlanner similar to the
function of distance extender I\OO (FIG. 1). - _ -

Switch 240 can be used to seleétiverrOuteelectricalsignals to device -150 from one of
devices 145, 245, or other device ele{:;trically coupled to sw-itch 240, thus enabling any of devices
145, 245, or other device electricallycoupledto SWitCh-. 240 to be_ confrollcd from device 150. As
an example, i an embodiment where s'witch 240 1s a KVM Switch, ‘device 150 is an OCC, and

devices 145 and 245 are computers, switch.240-.foutes video signals of the selected computer to

the video monitor 152 of the OCC sotha:t‘af user may vi-__é:w the video signals of the selected

computer from the OCC. Switch 240 also routes keyboard and mouse signéls frofn the OCC to
the respective ports of the selected computer; By _usipg éwi’tch 240.iri this fashion, the selected
computer can be operated from the OCC just aszf the .QCC.’ s kcyboard and mouse were difectly
attached to the selected computer.

The need to extend a .distance. separgtilig --various_ components of .e}ectroxlic ‘ systems has

been mentioned above. FIG. | illustrated the usc of distance extender 100 to extend a distance
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sepafat-ing device 145 ﬁ'ém device 150,. and, '\g‘ccordingly, 'subsj'rstem_ 110 is electrically coupled
to device 145 and subsystem 120'is electrically coupled to devi¢e 150. In an embodiment where

device 145 s a computér and devic.e\ 150 1s aﬁ OCC, inc.rea'sing a distance by which devices 145
and 150 are separated allows a situation 111 which the computer (device 145) can be located m a
room where the environmg:nt 1S Carefully- c_oﬂnfrolk:d ‘while the OCC (device 150) can be located
in another room that can be made more .coﬁfortablefor th.euseri of th,e OCC. FIG.. 2 illustrates a

slightly different configuration in which distance extender 200 is used to increase a distance

separating device. 150 from switch24'0, wherein subsystem 210 is electrically coupled to switch

240 and subsystem 220 i1s electrically 'c;bupled. to device 150. St_ich a configuration permits switch

- 240 and device 150 to be located, for examplg‘, in different roomS, Yielding a result similar tb that

described in Connectio n with FIG. 1. Additional configurations are also possible, and desirable,
as i‘lluétrated below.
FIG. 3' i1s a block diagrafn of distance;; *exte_nder 200 ShOWn as part of electronic system
201 arranged in a second configuration FIG 3 il\lustrates one of the poss'ible additional
conﬁguratibns mentioned above, in. whibh,dis.tanée extender 200 is used to increase a distance
separating device 145 from switch 240. In t.he- cdliﬁguration‘ of FIG. 3, subsystem 210 is
electrically coupled.to device 145, and subsysﬁm 220_ 15 electrically coupled to switch 240.-'Such
a configuration permits éwitch 240 aﬁd devicgj 150 to be .located.,:for exa‘mp‘le, n different rooms.
In .an .embodiment where device 14515 a computer, such a conﬁ gurainn: may Be desirable where
the avai_labl-e space within, or the enviromnentof, the rodm or other location in w_hiéh switch 240
1s located is not sufficient or suitable fér the computér- (device 1’45.), or vice versa. In one

embodiment, not illustrated in FIG. 3,a dzstam"e by Which}.,deyice 245 1s separated from switch

10
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240 can also be extended, using a second distance extender, where the second distance
extender is the same or substantially similar to distance extender 200.

FIG. 4 is a block diagram of distance extender 200 shown as part of electronic

system 201 arranged in a third configuration. FIG. 4 illustrates another one of the possible
additional configurations mentioned above, in which distance extenders according to
embodiments of the invention are used to increase both a distance separating device 145
from switch 240 and a distance separating device 150 from switch 240. As illustrated in
FIG. 4, distance extender 200 is used to extend a distance separating device 150 from
switch 240, such that subsystem 210 is electrically coupled to switch 240, and subsystem
220 is electrically coupled to device 150. A distance extender 400 is used to extend a
distance separating device 145 from switch 240. Electrical cable 430 can comprises a
plurality of wires, including a first wire, extending between end 431 and end 432.
Distance extender 400 comprises a subsystem 410, a subsystem 420, and an electrical cable
430. As an example, subsystem 410, subsystem 420, and electrical cable 430 can be similar
to subsystem 110, subsystem 120, and electrical cable 130, respectively, each of which were
first shown in FIG. 1. Subsystem 410 is electrically coupled to device 145, and subsystem
420 1s electrically coupled to switch 240.

The configuration of FIG. 4 permits switch 240, device 145, and device 150 to each
be located, for example, in different rooms. In an embodiment where device 145 1s a
computer and device 150 is an OCC, such a configuration may be desirable where the
available space within, or the environment of, the room or other location in which switch
240 is located is not sufficient or suitable for the computer (device 145), and/or for the OCC
(device 150), or vice versa. In one embodiment, not illustrated in FIG. 4, a distance by
which device 245 is separated from switch 240 can also be extended, using an additional
distance extender, where the additional distance extender is the same or substantially similar

to distance extender 200.

11
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FIG. 5 1s a block diagram of subsystem 110 of distance extender 100 (FIG. 1),
according to an embodiment of the invention. As stated above, in at least one embodiment,
subsystem 210 of distance extender 200, both of which were first shown in FIG. 2, and
subsystem 410 of distance extender 400, both of which were first shown in FIG. 4, can be
the same or substantially similar to subsystem 110. As illustrated in FIG. 5, subsystem 110
comprises a voltage boost circuit 510, a modulation/demodulation circuit 520, a filter circuit
530, a detection circuit 540, and a pre-emphasis circuit 551. Circuits 520, 530, 540, and 551
will each be described 1n more detail below.

The following description assumes an embodiment where device 150 1s a computer.
Subsystem 110 receives the data signal and a clock signal through an input header 560. The
data and clock signals are routed directly to a microprocessor 565 where they are
multiplexed and coded before being transmitted to modulation/demodulation circuit 520 via
an internal Universal Asynchronous Receiver Transmitter (UART) 567.

Power for the circuitry of subsystem 110 1s taken from the +5V supply pins on the
PS/2 ports of the computer. Electrical power signals enter subsystem 110 through input
header 560 and are passed to voltage boost circuit 510 and to a local power supply 515.
Local power supply 515 supplies five volts or another voltage to the circuitry of subsystem
110. Voltage boost circuit 510 boosts the incoming voltage from 5V to a higher voltage in
order to overcome and/or compensate for losses, such as IR losses, in electrical cable 130
(FIG. 1) during the transmission of the electrical power signal across electrical cable 130.
As an example, voltage boost circuit 510 can boost the incoming voltage to 30V. The
electrical power signal, with boosted voltage, is passed to filter circuit 530, where 1t will be

combined with the coded data signal as described below.

12
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As 1llustrated in FIG. 5, input header 560 also receives video signals, comprising
red, green, and blue video signals, and synchronization signals (sync signals) in addition to
recerving data, clock, and electrical power signals. The sync signals are mixed, or
multiplexed, into the video signals, and the resulting combined signals (comprising video
signals and sync signals) are amplified by a video amplifier 550, passed into end 131 of
electrical cable 130 (FIG. 1) and transmitted differentially along electrical cable 130. In one
embodiment, the sync signals are mixed into the red and blue video signals only, amplified,
and differentially transmitted. In the same or another embodiment, connector 131 is an RJ45
connector. Pre-emphasis circuit 551, 1in at least one embodiment, forms a part of video
amplifier 550. Pre-emphasis circuit 551 pre-emphasizes, or increases, the high- frequency
portion of the video signals before the video signals are transmitted across electrical cable
130 because higher frequency video signals are attenuated during such transmission to a
greater extent than are lower frequency signals. Pre-emphasizing the high-frequency portion
of the video signals in this way makes it easier to recover those signals after they have
arrived at subsystem 120 (FIG. 1).

After passing through microprocessor 565 and UART 567, the data signal is passed
to modulation/demodulation circuit 520 where it is modulated. The data signal is then
coupled onto the boosted voltage at filter circuit 530. The combined signal, comprising: (1)
the power signal with the boosted electrical voltage signal; and (2) the data signal, is then
sent to filter circuit 530 and then to end 131 of electrical cable 130 (FIG. 1) before being
sent across electrical cable 130. Filter circuit 530 prevents the data signal from interfering
with power supply 515, as will be discussed in more detail below.

FIG. 6 1s a block diagram of subsystem 120 of distance extender 100 (FIG. 1),
according to an embodiment of the invention. As stated above, in at least one embodiment,

subsystem 220

13
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of distance extender 2"00,_ both of which were first shown in FIG. 2, and subsystem 420 of

- distance extender 400, both of which were first shown in F IG. 4, can be the same or substantially

similar to subsystem 120.

‘As illustrated in FIG. 6, subsystem 120 comprises a vdltag_e conversion circuit 610, a

. modulation/demodulation circuit 620, a ' filter circuit 630, and an attenuation compensation

circuit 651. A power supply 615 supplies po_Wer for .the circuitry‘ of subsystem 120. As an
ex'arﬁple, modulation/demodulation .\:ci.rcu‘it. 620 can be similér to -modulation/démodu]étion
circuit 520 -(FIG. 5), and filter circuit 630 can be similar to filter circuit 530 (FIG. 5). Circuit 651
will be described in more detail below.éircuits 620 and 630 v:vill not be separately deScribed
because of their s-ihl-ila.rity to circuits '5.'2-0 and 530, respectively. \

As further illustrated in FIG.. 6, multiplexed dif-ferential video and_ sync signals are
received through end 132, which can._bc'a‘.n RJ45 'cénnector, of electrical cablé 130 (FIGs. 1-4)
and passed to a video amplifier 656, In one embodiment, differential-to-single-ended amplifiers
within video amplifier 650 .-recéive the multiplexed differential video and sync signals. In an
embodiment where the sync signals ére ;miXegj into the red and blue video signals, the red and
blue video signals ére routed to a sync -stnippér circuit 670 aﬁd a sync detection and polaﬁzation
circuit 690 before being sent to a connector 680. Sync dcteCtiQn ‘and po}ariza‘tion\circuit690
recovers the sync polarity from the originalvideo si-gnals, -and the polarity-corrected sync ‘sig;nals
are sent to connéctor. 680. As an ‘exarnple,: connector 680 can be an HDDBIS conn.ector.‘
Referring still to the embodiment where the .'sync signals are miXed onto the red and blue Video '
signals, the gre_eh video is routed directly .frgm the differential-to-single-ended amplifiers to

connector 680,
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Subsystem 120 also receives the combined signal through end 132 and passes the
combined signal through filter circuit 630 to voltage conversion circuit 610 and
modulation/demodulation circuit 620. Filter circuit 630 prevents the modulated data signal
from interfering with the circuitry of power supply 615. Voltage conversion circuit 610
converts the boosted voltage to a lower voltage, which in at least one embodiment can be
5V, which lower voltage is passed to power supply 615 and used to power the circuitry of
subsystem 120.

Modulation/demodulation circuit 620 demodulates the data signal. The demodulated
data signal 1s then sent to a UART 667 on microprocessor 665 where the demodulated data
signal 1s separated into keyboard and mouse data signals and sent to the appropriate one of
ports 695. As an example, ports 695 can be PS/2 ports, one of which can receive a keyboard
and the other of which can receive a mouse.

FIG. 7 1s a circuit diagram of modulation/demodulation circuit 520 according to an

embodiment of the invention. FIG. 8 is a graph 800 of an amplitude-modulated signal of the
type produced by modulation/demodulation circuit 520 according to an embodiment of the
invention.
FIG. 9 1s a graph 900 of an amplitude- modulated signal of the type shown in FIG. 8 riding
on a boosted electrical voltage signal according to an embodiment of the invention. FIG. 10
1s a graph 1000 showing a recovered signal after being modulated and demodulated
according to an embodiment of the invention.

As discussed earlier in connection with FIG. 5, the data signal is routed from input

header 560 to microprocessor 565, where the data signal is multiplexed and coded prior to
being sent to modulation/demodulation circuit 520. The coded data signal 1s then

transmitted by data UART 567 to modulation/demodulation circuit 520. As illustrated in

FIG. 7, the data signal enters modulation/demodulation circuit 520 on a line 701, and 1s

labeled

15



CA 02482208 2009-02-19

“data_from_controller.” The data line is a single-ended square wave 0 to 5V signal. A logic

66133

1sindicated by a 5 volt direct current (DC) level and a logic “0” is indicated by a 0 volt
DC level.

This signal 1s inverted and applied to pin 3 of a transceiver 710, which in the illustrated
embodiment 1s an RS485 transceiver. Pin 3 of transceiver 710 is an enable pin. A one
megahertz (MHz) signal is applied to the data input of transceiver 710. Whenever pin 3 of
transceiver 710 1s high the one MHz signal is passed through transceiver 710 to the
differential outputs present on pin 6 and pin 7 of transceiver 710. The resultant waveform
on pin 6 of transceiver 710 is an amplitude- modulated signal of the type shown in FIG. 8.
Since the output of transceiver 710 is a differential signal, the same signal is present on pin
7 of transceiver 710, except that the signal on 10 pin 7 of transceiver 710 is 180 degrees out
of phase with the signal on pin 6 of transceiver 710.

A 110 ohm resistor, R35, loads the differential signals present at pins 6 and 7 of
transceiver 710. Resistors R32, R33, R37, and R38 bias pins 6 and 7 of transceiver 710 so
that the steady state level of pin 1 of transceiver 710 is a logical “0.” The signals present at
pins 6 and 7 of transceiver 710 are AC coupled through capacitors C33 and C35 to
connector pins 7 and 8 of end 131, which is illustrated as an RJ45 connector in FIG. 7.
Resistors R51 and R54 and capacitors C33 and C35 are used to match the differential signal
to the impedance of electrical cable 130 (FIGs. 1-4) and to the receiver input impedance.

As 1llustrated in FIG. 8, graph 800 comprises a channel 810 and a channel 820.
Channel 810 represents data input on line 701 (FIG. 7) of modulation/demodulation circuit
520 (FIGs. 5 and 7). Channel 820 represents an amplitude-modulated signal such as may be
present on pin 6 or pin 7 of transceiver 710.

FIG. 9, 1in graph 900, 1llustrates a modulated data signal of the type produced by

modulation/demodulation circuit 520 riding on an electrical power signal having a boosted
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voltage produced by voltage boost circuit 510 (FIG. 5). Graph 900 comprises a channel 910
and a channel 920. Channel 910 represents data input on line 701 (FIG. 7) of
modulation/demodulation circuit 520 (FIGs. 5 and 7). Channel 920 represents modulated
data rniding on an electrical power signal having a boosted voltage of 30 volts. As described
above, the modulated data signal and the boosted electrical voltage signal are
simultaneously carried on a single wire pair in electrical cable 130 (FIG. 1). As an example,
pins 7 and 8 of end 131, shown in FIG. 7, correspond to the two wires of the single wire
pair on which the combined signal is carried. In a CAT 5 cable, the two wires form a
twisted wire pair, as mentioned above.

To demodulate the data signal, the modulated differential signal is received at pins 6
and 7 of transceiver 710. Transceiver 710 converts this signal to a single-ended output on
pin 1 of transceiver 710. An example of the type of single-ended output that may be on pin
1 of transceiver 710 is illustrated in a graph 1000 of FIG. 10. Referring still to FIG. 7, the
single ended output is demodulated using a diode D3, a capacitor C34, and a resistor R34.
The signal 1s inverted and then input to data UART 567 of microprocessor 565.

Referring again to FIG. 10, graph 1000 comprises a channel 1010 and a channel
1020. Channel 1010 represents a modulated data signal such as may be received on pin 1 of
transceiver 710. Channel 1020 represents a recovered signal present at an output of a buffer
720, which buffer 1s labeled “Data_Input_To_Controller” in FIG. 7.

FIG. 11 1s a circuit diagram illustrating a portion of modulation/demodulation circuit
520 and a filter circuit 530 according to an embodiment of the invention. Filter circuit 530
prevents the one MHz signal (first discussed in connection with FIG. 7) from interfering

with power supply 515 and the circuitry of subsystem 110. As illustrated in FIG. 11, the

data signal is coupled onto the connector pins 7 and 8 of end 131 through capacitors C33
and C35. The data
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signal is blocked from thé power of power supply 515 and from the gr ound signals by inductors
L4, L2, L3, ‘a'nd L1, and by a capacitor C46. In the embodiment illustrated in FIG. 11, the
modulated data signal is riding on the .boosted'- voltage power lihe, and on the ground line, but is
prevented from back-feeding into power Supp-ly  -5 15 bj’ filter circuit 530. As discussed above,
filter .cir'cuit 630 (FIG. 6) of Subsystem 120.-'iSthe' same or substantially similar to filter circuit
530. Acchdingly,' the data signal can be transmitted bi-directionally down a S_ingle twisted pair
of a CATS cable or other electrical 'cabl‘e 130 (FIGs. 1-4) and the DC vo.ltage can be delivered to :
subsystem 120 on the Samé twisted pair without interfering with the circuitry of subsystem 110
or subsystem 120. B

FIG. 121s a circuit diagram il.lustratingdetecti-on circuit 540. A portion 1210 of detection
circuit 540 1s located on subsystem 110, and a pOrtion 1220 of de}tection circuit 540 is_loCated on
subsystem 120. Subsystem 110 only applies the S-VDC “logic 1 signal to'pin '7 of end 131
until 1t 1s determined that subSystem 120 1s connected. When it has been determined thét
subsystem 120 unit is connected, subsystemi lO enables voltage onstci‘rcuit 510 which supplies

boosted voltage to pin 7 of end 131 (FIG. 1) Which in FIG. 12 is illustrated as an RJ45 connector.

 The detection mechanism of detection circuit 540 comprises a .s'imple' circuit to designed to

detect that a correct load is attached to the wire pair. carrying_ the combined data and power
signal As 1illustrated in FIG. 12.5 5V DC i-s: apphied through a diode Dl and a resistor R59 to pin 7
of the RJ45 connector. With subsystem 120 cox‘me‘ctedvia eléctrical -cable-130 (FIGs. 1-4),
resistors R59 and R62 form a voltage divider to ground. With -a- transistor Q2 turned on by the
“CNTR“_SV*#,32VWSELECT’?’ signal, a transistor Ql passes the VOItage at the node éf resistors

R59 and R62 to the ADC input pin on nucroprocessor 665 (FIG. 6) of subsystem 120.

Microprocessor 665 samples this voliage and, if it is within a predetermined range, transistor Q2

18



CA 02482208 2009-02-19

is turned off and the boosted voltage will be applied to pin 7 of the RJ45 connector. On the
other hand, if subsystem 120 is not connected to subsystem 110, or if subsystem 110 is
connected to a network device, such as a hub, a switch, a router, or the like, the voltage at
the node of resistors R59 and R62 will not be in the predetermined acceptable range, and
the boosted voltage will not be enabled.

FIG. 13 1s a circuit diagram illustrating pre-emphasis circuit 551, which is designed
to emphasize the high frequency component of the video signals, before such signals are
transmitted, in anticipation of the high frequency attenuation that occurs over long lengths
of electrical cable 130 (FIGs. 1). As illustrated in FIG. 13, capacitors C51 and C52 and
resistors R69 and R70 are switched into the feedback legs of a differential driver U6 by
transistors Q6 and Q7, respectively.

Capacitors C51 and C52 and resistors R69 and R70 give a low impedance feedback path for
high frequencies, thus peaking the gain of the high frequency components in the amplifier.
A switch on subsystem 120 ultimately controls transistor Q6. The switch is read by
microprocessor 665 of subsystem 120, and the status of the switch is transmitted back to
subsystem 110 over wire pair carrying the combined data and power signal. Capacitors C17
and C27 and resistors R63 and R64 are also used to adjust the amplifier frequency response.

FIG. 14 1s a circuit diagram 1llustrating attenuation/compensation circuit 651. As
was first discussed above in connection with FIG. 6, subsystem 120 accepts the differential
video signals from subsystem 110, amplifies the video signals, and outputs a single-ended
video signal to connector 680 (FIG. 6). As the length of electrical cable 130 (FIG. 1)

increases, the higher frequency components of the video signals are increasingly more
attenuated during their transmission along electrical cable 130, as discussed above. To
compensate for the loss of amplitude, a series resistor and capacitor are placed in parallel

with a gain resistor R20 of the
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differentiakto-signal-ended amplifier that'fonnf a part of _video amf)liﬁer 650 (FIG. 6). In this
way, various compensation legs can be switched into the feedback path. A resistor R6l- and a
capacitor C48, a resistor R60 and a capacitor C47, and a resistor R59 and a capacitor C46
respectively form the three resistor-capacitor :( RC) '.p‘airs;

A inicroprocessor control signal enables or disables one RC pair at a time depending on a
user control switch read by nﬁcropmcéssor 665. These capacitors and res'i-stors give a low

impedance feedback path for high frequencies, ‘thus peaking the gain of the high frequency

‘components in the amplifier. The range of frequencies that are peaked and the final ‘gain is

dependent on the RC pair that 15 sWit.c':hedf in parallel with gain resistor R20. In this way
compensation for attenuation of high ﬁ‘eqllencies in electrical cable 130 (FIGS. 1-4) 1s
accomplished for varying lengths of electrical cable 130. '

FIG. 15 is a flow chart illustra.ting a method 1500 for 'increas'ing a distance between a
computer and an operator control center n e.l_cctrical communication with the computer, where
the electrical communication 1s accomplished via a Cable having a first wire pair and a second
wire pair. A step 1510 of method 1500 1s to pﬂ_rovide a first subSystem to be coupled to 'a first end
of the cable. As an example, the cable can be ‘similar to elect'rical cable 130, the computer can be
similar to device 145, and the operator control center can be 'siniila:r to device 150,_ all of which

were first shown in FIG. 1. As a further example, the first subsystem can be similar to subsystem

- 110, also first shown in FIG. 1.

A step 1520 of method 1500 is to provide a second subsystem to be coupled to a second

~end of the cable such that an electrical power signal provided by the computer and a data signal

generated by the computer or the operator control cenier are transmitted simultaneously across
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the first wire pair between the computer én,d'-: the- operator control center. As an example, thé
second subsystem can be similar to subsystem 120? first shown in FIG. 1. -

A step 1530 of method '1500'is to modulate the"data signal to create a modulated data
signal As an example, the rhodulated data Sighal can be similar to t_hc signal shown on channél
820 in FIG. 8. As an example, ”the modulated ~data signal can be cr’eated ,using
modulation/demodulation circuit 520, ﬁrst shown 1n : F IG. 5, or modulation/demodulation circuit
620, first shown i FIG. 6. ‘ .

A step 1540 of method 1500 is to modify the electrical power signal to create a boosted

electrical voltagé signal. As an exainple, the boosted electrical voltage signal can be created

using voltage boost circuit 510.

A step 1550 of method 1500 is to couple the modulated data signal onto the boosted
electrical p'ower voltage to create a combined signal. As an example, the combined signal can be
similar to the signal shown' on channe_l 920 m FIG. 9.

A step 1560 of method 1500 1s to tran‘smit.the combined signal across the ﬁrSt. wire pair
between the computer and the operator contro‘l.center. 'In_ one erﬁbodi.me.nt, sfep 1530 or another
step can further comprise using the computer to genémte a ‘Video,Signal,‘ and .step 1560 or another |
step can further comprise tranSnlittin-g' the video Sign-al across the second wire pair between the
computer and the operai:of control cc;nter'. In the same or ‘another embodimént, step 1560 or
another 'st'ep further comprises derﬁodulating .th.e..' modulated data signal after transmitting the
modulated data signal across the ﬁi'st Wire_ | pair,;'and/orreducing the bOGS‘ted electrical voltage
signal after transmitting the boestedelectﬁcal voltage signal across the first wire pair. In the ,
same- or another embodiment, step 1560 or '.-amther. stép fuf“thgr comprises compensating. for

attenuation of the video signal before transmitting the video signal across the second wire pair
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and /or compensating for attenuation of the video Signai after transmitting the video signal across
the second wire pair. In the same ot another embodiment, step' ﬁ560 or another step further
comprises filtering the combined' signal to-pi‘event the modulated data signal from 1nterfering
with the boosted electrical voltage signal. In the same or sno‘thet embodiment, step 1560 or
another step further corﬁprises detect_ing the presence of the seeond subsystem at the first
subsystem before enabling the electrical power signal.

In the same or another embodiment of method 1500, step 1510 or another Step, further

- comprises providing a switch and eleetrieal.ly coupling the switch between the computer and the

operator control center. As an example, the s_witch ean'be similar to switch 240, first shown m
FIG. 2. In an embodiment where the distance extender comprises a switch, step 1510 or‘ another
step further comprises: (1) electrical;ly_ coupling the sWitchx between the computer and the first
subsystem; and (2) electrically coupling the second subsystem between the first subsystem and
the operator contre‘l center. In another embodiment, step 1510 or another step further comprises:
(1) electrically coupling the sw-_itch' between 'the second subsystem and the operator control
center; and (2) electrically coupling the first subsystem between the 'c':omputer‘ and the second
subsystem. In another embodiment, Stép. 1510 or another step further comprises: (1) providing a

third subsystem substantially- similar to the ﬁrst subsystem; (2) providing a fourth subsystem

substantially similar to the second .'subsystem; (3) eleetricallyi coupling the third_ subsystem

between the switch and the fourth subsystem; (4) electriCally 'couplihg the fourth subsystem
between the third subsystem and theop_eratori control center; and (5) electrically couplitlg the
switch between the second subsystem aﬁdthe third subsystem. o

. Although the invention has been ,described with reference to sp‘eciﬁc e‘mbedimems, it will

be understood by those skilled in the att that vattieus changes may be made without departing
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from the spirit or scope of the invention Various examples of Sucll changes .have been given in
the foregoing deseription Accordingly; the “disclosure of embodiments Qf the inyent_iOD 1S
intended to be illustrative of the scope of the invention and is not intended o be limiting. It is
intended that the scope of fhe invention -shall" be -lilﬁi;ted only tb :the extent required by the
appended claims. F er example, to one of ordinary skill in the art, it will be reedily. apparent that
the distance extender discussed herein may be. implemented in a variety of .embodiments, and
that the foregoing discussion of certain of these.embodiments does'.not.necessarily represent a
complete description of all possible embodiments,

All elements claimed in any particular claim are '.essential to the invention claimed in that
particular‘ cléim. Consequently, replacement of one or more cleimed elements constitutes
reconstruction and not repair. Additie.n_ally, beneﬁts, other advantage-s, a‘nd‘ solution's'to problem's

have been described with regard to speciﬁc'embodiments. The benefits, advantages, solutions to

problems, and any element or elements_ that may cause any benefit, advantage, or solution to

occur or become more pronounced,. however, are not to be construed as critical, required, or
essential features or elements of any or all of the claims.
Moreover, embo_diments.and limitations disclosed herein are not dedicated to the public

under the doctrine of dedication if the embodiments and/or limitations: (1) are not expressly

claimed in the claims; ‘and (2) are or are potentially equivalents of express elements ‘and/or

limitations in the claims under the doctrine of equivalents.
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Claims
What is claimed is:

Claim 1: A distance extender for increasing a distance between a first device
and a second device 1n electrical communication with the first device, the distance extender
comprising;

an electrical cable with a first end and a second end and electrically coupled
between the first device and the second device, the electrical cable having a plurality of wires

extending between the tirst end and the second end;

a tirst subsystem electrically coupled to the first end of the electrical cable and to

the first device; and
a second subsystem electrically coupled to the second end of the electrical cable
and to the second device,
wherein:
the first subsystem includes a pre-emphasis circuit electrically coupled to at
least a portion of the plurality of wires;
the first device or the second device generates a data signal and the first
device provides an electrical power signal;
the plurality of wires includes a first wire; and

the data signal and the electrical power signal are simultaneously transmitted

between the first device and the second device over the first wire.

Claim 2: The distance extender of claim 1 wherein:
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the data signal comprnses at least one of mouse data and keyboard data and is
transmitted from the first device to the second device and from the second device to the

first device.

Claim 3: The distance extender of claim 1 or claim 2 wherein:

the first wire forms a portion of a first wire pair; and

the data signal and the electrical power signal are simultaneously transmitted

between the tirst device and the second device over the first wire parr.

Claim 4: The distance extender of any one of claims 1 to 3 further comprising:

a switch electrically coupled between the first device and the second device.

Claim 5: The distance extender of claim 4 wherein:

the switch 1s a keyboard, video, and mouse switch.

Claim é6: The distance extender of claim 4 or claim 5 wherein:

the switch 1s electrically coupled between the first device and the first subsystem.

Claim 7; The distance extender of claim 4 or claim 5 wherein:

the switch is electrically coupled between second subsystem and the second

device.

Claim 8: The distance extender of claim 4 or claim 5 turther comprising:

a third subsystem comprises a tirst voltage boost circuit; and
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a fourth subsystem comprises a second voltage boost circut;

wherein:
the third subsystem is electrically coupled between the switch and the fourth
subsystem;
the fourth subsystem is electrically coupled between the third subsystem and
the second device; and

the switch is electrically coupled between the second subsystem and the third

subsystem.

Claim 9: The distance extender of any one of claims 1-8 wherein:
the plurality of wires comprises four unshielded twisted wire pairs; and

the first wire is a portion of one of the four unshielded twisted wire pairs.

Claim 10:  The distance extender of any one of claims 1-9 wherein:

power to operate at least a portion of the second device is provided only by the

electrical power signal.

Claim 11: The distance extender of any one of claims 1 to 10 wherein:
the first subsystem comprises
a voltage boost circurt contigured to receive the electrical power signal and
configured to boost a voltage of the electrical power signal betore the electrical
power signal 1s transmitted over the first wire;

a modulation/demodulation circuit contfigured to either modulate or

demodulate the data signal;
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a filter circurt electrically coupled to the modulation/demodulation circuit
and the voltage boost circuit; and

a detection circuit contigured to detect a load on the first wire.

Claim 12:  The distance extender of any one of claims 1 to 11 wherein:
the second subsystem comprises:
a voltage conversion circuit configured to convert the electrical power signal
to a lower voltage before providing the electrical power signal to the second device;

and

an attenuation compensation circuit electrically coupled to the at least the

portion ot the plurality of wares.
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Claim 13: A distance extender for increasing a distance between a computer
and an operator control center in electrical communication with the computer, the distance
extender comprising:

a Category 5-type cable having a first end and a second end and with

a plurality of wires extending between the first end and the second end, the plurality

ot wires including

a tirst twisted pair;
a second twisted pair;
a third twisted pair; and
a fourth twisted pair;
a tirst subsystem electrically coupled between the first end of the Category 5-
type cable and the computer; and
a second subsystem electrcally coupled between the second end of the
Category 5-type cable and the operator control center,
wherein:
the operator control center having
a computer keyboard;
a computer video monitor; and
a computer mouse;
the computer provides an electrical power signal and the computer or the
operator control center generates a data signal and a plurality of video signals;

the plurality of video signals are transmitted between the tirst subsystem and

the second subsystem over the first, second, and third twisted pairs; and
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the data signal and the electrical power signal are simultaneously transmitted

between the first subsystem and the second subsystem over the fourth twisted parr.

Claim 14: The distance extender of claim 13 wheremn:
the first subsystem, the second subsystem, the computer keyboard, and the

computer mouse are powered only by the electrical power signal.

Claim 15: The distance extender of claim 14 wherein:
the tirst subsystem comprises:

a voltage boost circuit configured to receive the electrical power signal and
contigured to boost a voltage of the electrical power signal;

a modulation/demodulation circuit configured to either modulate or
demodulate the data signal;

a filter circutt electrically coupled to the modulation/demodulation circuit
and the voltage boost circuit;

a detection circuit configured to detect a load on the tourth twisted pair; and
a pre-emphasis circuit configured to increase a high-frequency portion of the
plurality of video signals betore the plurality of video signals are transmitted across

the tirst, second, and third twisted pairs.

Claim 16: The distance extender of claim 15 wherein:

the second subsystem comprises:
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a voltage conversion circuit configured to convert the electrical power signal
to a lower voltage before providing the electrical power signal to the second device;

a modulation/demodulation circuit configured to modulate or demodulate
the data signal;

a filter circuit electrcally coupled to the modulation/demodulation circuit;
and

the attenuation compensation circuit configured to compensate for a loss of
amplitude in the plurality of video signals after the plurality of video signals are

transmitted across the first, second, and third twisted pairs.

Claim 17:  The distance extender of claim 15 wherein:
the first subsystem 1s configured to receive the electrical power signal from the

computer; and

the voltage boost circuit 1s contigured to boost the voltage of the electrical

power signal before passing the electrical power signal to the Category 5-type cable.

Claim 18: The distance extender of claim 14 further comprising:
a keyboard, video, and mouse switch electrically coupled between the

computer and the operator control center.

Claim 19: The distance extender of claim 19 wherein:

the keyboard, video, and mouse switch 1s electrically coupled between

the tirst subsystem and the computer.
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Claim 20: The distance extender of claim 18 wherein:

the keyboard, video, and mouse switch is electrically coupled between

the second subsystem and the operator control center.

Claim21:  The distance extender of claim 19 turther compnsing:
a third subsystem include a voltage boost circuit; and
a fourth subsystem include a voltage boost circut,
wherein:
the third subsystem is electrically coupled between the keyboard,
video, and mouse switch and the fourth subsystem;
the fourth subsystem is electrically coupled between the third
subsystem and the operator control center; and
the keyboard, video, and mouse switch 1s electrically coupled between

the second subsystem and the third subsystem.
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Claim 22: A method for increasing a distance between a computer and an
operator control center m electrical communication with the computer where the electrical
communication 1s accomplished via a cable having a first wire pair and a second wire patr,
the method comprising:

electrically coupling a first subsystem to a first end of the cable;

electrically coupling a second subsystem to a second end of the cable such that
an electrical power signal provided by the computer and a data signal generated by the
computer or the operator control center are transmitted simultaneously across the first wire
pair between the computer and the operator control center;

using the computer to generate a video signal; and

transmutting the video signal across the second wire pair between the computer
and the operator control center; and

compensating for attenuation of the video signal before transmitting the video

signal across the second wire pair.

Claim 23:  The method of claim 22 turther comprising:
electrically coupling a switch between the computer and the operator control

center.,

Claim 24:  The method of claim 23 turther comprising:

electrically coupling the switch between the computer and the first subsystem;
and
electrically coupling the second subsystem between the first subsystem and the

operator control center.
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Claim25:  The method of claim 23 further compnsing:
electrically coupling the switch between the second subsystem and the operator
control center; and

electrically coupling the first subsystem between the computer and the second

subsystem.

Claim 26:  The method of claim 23 further comprising:
electrically coupling a third subsystem between the switch and a fourth
subsystem;
electrically coupling the fourth subsystem between the third subsystem and the
operator control center; and

electrically coupling the switch between the second subsystem and the third

subsystem.

Claim 27:  'The method of any one of claims 22 to 26 further comprsing:
modulating the data signal to create a modulated data signal;
modifying the electrical power signal to create a boosted electrical voltage signal;
coupling the modulated data signal onto the electrical power signal to create a
combined signal; and
transmitting the combined signal across the first wire pair between the computer

and the operator control center.

Claim28:  The method of claim 27 turther comprising:
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demodulating the modulated data signal after transmitting the modulated data

signal across the tirst wire pair; and
reducing the boosted electrical voltage signal after transmitting the boosted

electrical voltage signal across the first wire pair.

Claim 29; The method of any one of claims 22, 23, 24, 25, 26, 27, or 28 further
comprising:
compensating for attenuation of the video signal after transmitting the video

signal across the second wire pair.

Claim 30:  The method of claim 27 further comprising:

filterning the combined signal to prevent the modulated data signal from

mterfening with the boosted electrical voltage signal.
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1500

Provide a first subsystem to be coupled to a first end of a cabie

extending between a computer and an operator control center, the cable
having a first wire pair and a second wire pair

Provide a second subsystem to be coupled to a second end of the cable
such that an electrical power signal provided by a computer and a data
signal generated by the computer or an operator control center are

transmitted simultaneously across the first wire pair between the
computer and the operator control center

Modulate the data signal to create a modulated data signal

Modify the electrical power signal to create a boosted electrical voitage
signal

Couple the modulated data signal onto the boosted electrical voltage
signal to create a combined signal

Transmit the combined signal across the first wire pair between the
computer and the operator control center
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