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(57) Abstract: This invention is a video compensation system for analog video transmission. The compensation system is employed
in an analog video switching circuit such that each time a conductive path is switched, the system automatically tests the new switch
& path for a new compensation value. The compensation value is determined by measuring the response of the new path to a set of
tones that are applied to the conductive path, the response to which is measured against a table of responses previously recorded.
The measured responses are compared to the recorded responses to determine an appropriate compensation control voltage (V1, Vm,
o Vh), which is applied to an equalizer system (50-54). In an alternative embodiment, skew compensations also provided between red,
green, and blue twisted pair lines in the cables by performing comparative analysis between corresponding pairs of the red, green,

and blue signals.
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TITLE OF THE INVENTION

AUTOMATIC EQUALIZATION OF VIDEO SIGNALS

CROSS-REFERENCES TO RELATED APPLICATIONS

BACKGROUND AND SUMMARY OF THE INVENTION

{0002] The present invention has application within the environment of analog
video extenders. In modemn environments, one embodiment is incorporated into
keyboard, video mouse (KVM) switches that connect multiple user workstations (such as
keyboards, mice, monitors, etc.) with selected ones of multiple different servers. Analog
KVM switches route video between the workstations and the servers in the analog
domain and provide for high bandwidth real-time video and multimedia transmissions.
One such analog KVM switch is the analog matrix switch (AMS) developed and sold by

Avocent Corporation of Huntsville, Alabama. An example analog switch architecture 1s

shown in Figure 1.
[0003] In Figure 1, the system is made up of servers 10-15, computer interface

pods (CIP) 16-21, analog matnix switches (AMS) 22-24, analog user pods (AUP) 31-35,
and user workstations 36-40. Also shown in Figure | are a hub 26 communicatng with

switch or router 27, communicating with corporate LAN 28, and communicating with a

matrix system admimstrator (MSA) 29 operating on a computer 30. Also shown in

Figure | 15 a local computer 41 communicating with workstation 40 through CIP 41 und

AUP 35.
[0004] The example in Figure [ 15 but one example embodiment of how the AMS

system can be arranged into a distributed architecture, and many other architectures (both
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of simpler and more complex arrangement) will be understood to the artisan upon review
of Figure 1. Further, the example of Figure 1 1s described simply to give an exampie
context into which the present invention may have application and in no way 1s intended
to limit the broad aspects of the present invention.

[0005] The system in Figure 1 provides command, control, and switching of
KVM signals between servers 10-15 and workstations 36-40, as well as controlled by
MSA application 29 of the system as a whole. The AMS system of Figure 1 operates
independently of software applications on the servers or workstations. In essence, the
system 18 responsi.ble for establishing connectivity paths between users at the
workstations 36-40 and servers 10-15, switching and routing of KVM signals throughout
the system, user authentication, and software upgrades at the unit end system level as
directed by the MSA 29.

{0006] As background, the AMS 22-24 connects to servers 10-15 via CIPs 16-21.
CIPs convert the native KVM connections to proprietary long distance signals and serves
as the interface between an individual server and the KVM matrix system. The
connections between CIP and the AMS units can be by industry standard UTPlus cabling,
as are all other connections between the system elements.

[0007] On the workstation side, users are connected to the AMS 22-24 via AUPs
31-35. AUPs are a desktop design with a universal power supply and can provide
peripheral support for a variety of different workstation types, such as PS/2, Sun, etc. As
shown in Figure 1, the AUP may be directly connected via UTPlus cable to one-to-four
AMS or CIP modules. The AUPs can be in a mix and match configuration, such as AUP
34, which communicates with AMS 25 and CIP 21.

[0008] Because structure of the system employing the present invention is not a
critical aspect of the present invention, the example of Figure 1 is relevant only for 1ts
illustration of transmission of analog video signals between the component servers, CIPs,
AMSs, AUPs, and the workstation.

[0009] In an example of Figure 1, the AMS 22-25 connects to servers 10-15 via
CIP 16-21 to convert KVM signals from native connectors and cabling to long line (long

distance) communication protocols. The physical connection between the CIPs and the
2
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AMSs is via UTPlus cable. On the other end, the AMSs 22-24 connect to AUPs 31-35
also by UTPlus cable. The maximum distance between CIPs and AUPs is dictated by the
degradation that occurs in the analog video signal over long distances. Distances
between CIPs and AUPs of about 300 meters are difficult to obtain for high bandwidth,
high quality video having present compensation schemes. The principle purpose of the
AMS is to switch video (and data) between any of its inputs and outputs, thereby
connecting selected workstations 36-40 with selected computers 10-15.

[0010] The analog user pod (AUP) is the main user console interface component
of the AMS systefn. The AUP 31-35 provides KVM connectivity between the user
console and either AMSs 22-25 or CIPs 16-21. Because a video degradation occurs in
the cabling, the present invention relates to methods for correcting the video distortion
caused by signal losses in the video transmission. In one example, such correction occurs
in the AUP 31-35 and is carried out during each switch from a user to a server. The AUP
also provides on-screen display menu-based technology to permit users to select new
computers for connection via an on-screen menu. Each time the user employs the OSD
menu to select a new computer, the video correction functions can be performed by the

AUP to permit fully compensated video to be provided to the user shortly after the switch

request 1s initiated.

(0011} On the other end, the computer interface pod (CIP) converts computer
KVM signals into a format that can be transmitted down UTPlus cable to the AMS or
AUP. All of the UTPlus cable described herein is usually four-pair unshielded, twisted
pair cable that is rated category five or better. Other alternative cables are, of course, |
employable in a system that also employs the compensation systems of the present

invention. Each CIP employs one KVM computer port, using native connectors for

servers 10-15.

[0012] The matrix switch administrator (MSA) 29 is a client software on
computer 30 that allows the administrator of the analog matrix system to easily configure,
monitor and maintain the system from a remote computer 30 on an attached LAN 28 or
connected via a cross-over cable. The MSA 29 allows the administrator to perform

functions such as user settings, server settings, system monitoring, system administration,
3
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system logging, etc. The MSA 29 may also perform port status, event logging, trace

routing, etc., via it’s network port.

[0013] As previously described, in the system of Figure 1, and other analog
matrix switching systems, analog video is degraded as 1t travels along cables. The
present invention compensates for video distortion on industry standard cabling (such as
CATS, CATSe and CAT-6 (including gigaflex), and any other standard cabling) to
provide high quality video up to 1,000 feet away from servers 10-15. The compensation
is accomplished by three compensation features, used independently or in any
combination. The; first is automatic adaptive cable equalization in which the system
automatically corrects for frequency dependent attenuation each time a valid KVM path
is selected. The second is automatic adaptive cable de-skew compensation that
automatically detects and corrects for inter-pair delay skew that is inherent in, for

example, CATS5 style cables. The third is compensation obtained by reducing data link

pair cross talk in CATS RJ45 connectors.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIGURE 1 is a schematic representation of an example matrix switching

system into which the present invention may have application;

[0015] FIGURE 2 is a schematic diagram of example video equalization circuits;
[0016] FIGURE 3 is a schematic representation of example cable measurement
CIrcuits;

[0017] FIGURE 4 is an example data chart of laboratory measurements of a cable

in accordance with an example embodiment of the present invention,

[0018] FIGURE 5 is an example measurement map of a cable in an example
embodiment of the present invention,;

[0019] FIGURE 6 is an example equalization control voltage chart in accordance .
with an example embodiment of the present invention;,

[0020] FIGURE 7 is an example actively controlled delay line circuit;
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[0021] FIGURE 8 is an example embodiment of de-skew compensation circuitry;
and
[0022] FIGURE 9 is an example flow chart of an equalization system.

DETAILED DESCRIPTION OF THE PRESENTLY
PREFERRED EMBODIMENTS

[0023] In the preferred embodiment of the present invention, the matrix switching
system performs video compensation on-the-fly as switching occurs between the
workstations 31-35 and the servers 10-15. That is, as each new connection occurs
between a workstation and a server, a new path of, for example, CAT5 cable is employed
that may have its own unique video degradation characteristics for which compensation 1S
desired. A single compensation system for a workstation and for a server may not
successfully compensate when the workstation is communicating with a different server,
or vice a versa. In accordance with the preferred embodiment, each time a switching
operation occurs, new video compensation is applied to the video signal in order to

compensate for the unique characteristics of the new connectivity path.

[0024] Automatic Adaptive Cable Equalization.

[0025] Equalization is the compensation for normal frequency dependent error
related to the skin effect on cables. To equalize, one must apply an opposite frequency
response curve to boost video signals received from the cables at the reception end. A
problem occurs in determining how much frequency response to apply, and in ensuring
that the frequency response compen.sation is done transparently to the user. The prior art
provided amplitude compensation with frequency dependent gain stages, with the
amplitude set for an arbitrary length of cable. The preferred embodiment provides
equalization that is independent of cable type and cable length, such that the equalization
can be adapted for various cable types and lengths.

[0026] In the preferred embodiment, a cable is swept with a set of tones and the

response to the tones recorded. In a preferred example, six tones are employed, although

d
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other numbers can be employed for greater or less sensitivity. Pnior to implementation,
the amphitude of each tone over the cable (for vanous cable lengths) 1s measured and a
coefficient grving the frequency response of the cable on each length s determined.
After implementation, software routines at the end of the cable receiving the video
components generate control voltages in accordance with the coefficients determined.
Importantly, all of this can be done in about a tenth of a second, using CAT3 cable.
[0027] For implementation of the software, preterably in a laboratory, a list of
coefficients tor ten foot segments (or more or less, depending on sensitivity desired) up to
1,000 feet for the vanous tones is created and stored into a memory table. Examples of
those coefticients are shown in the Appendix of U.S. Application No. 60/356,706

and, for brevity will not be repeated herein. For illustration
purposes, one ot such charts 1s shown in Figure 4, for an example 90 ft. cable length.
[0028] Presently, CATS cables are traditionally used for the transmission of video
signals, which cable 1s 24 AWG and therefore the skin effect (which i1s based pnmanly
on the diameter of a wire) 15 substantially the same for all CATS transmisston systems.
Thus, the coetfictents recorded in the laboratory for CATS cable should accuratelv
represent CATS cables, provided the 24 AWG dimension is being maintained. If other
dimensions are desired, of course other laboratory measurements can be employed to
create different tables, which can be used instead of, or in addition to, 24 AWG cable

tables.
[0029] The table of ten foot interval coefficients are recorded into the AUP 31-35

of a KVM switch system. Next, a second table (Figure 5) 1s prepared (again in a lab)
which 1dentifies, for fitty foot cable increments, control voltages versus distance needed
to correct video signals on the cable. That example chart of Figure 5 1s shown at the
inchcated fifty foot increments. The incremental values are not cntical--they can be more
or less than 30 teet for different sensitivities.

[0030] [n practuice, the computer interface pod (IP 16-21) sends the tones
(preferably the six tones) down each of the color component CATS cables and the
frequency and amphtude of the tones are measured at the AUP 31-35. These measured

coetficients are compared to the ten foot coefficient versus distance table (Figure 4, in
6
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part) to determine a best fit, which identifies a “distance” identifier (even though the
distance may not necessarily exactly equate with the true distance of the cable). The
distance is then compared to the fifty foot control voltages versus distance table to
determine an appropriate control voltage for the “distance” provided by the first map.
The result is a control voltage that can be applied to the CATS component cable to
provide frequency compensation.

[0031] The control voltages are applied to DC(Vpc), LO(Vy), MD(Vp), and
HI(Vy) stage amplifiers acting on the color components as shown in Figure 2. An
example of the co.ntrol voltages for an example cable is shown in Figure 6.

[0032] The preferred apparatus and methodology can accommodate various wire
types, is independent of twist rates, is adaptive to different cable types and lengths, and is
not distance dependent. Each of these are substantial advantages over the prior art.
[0033] The preferred product can send the tones from the CIP to the AUP (where
the compensation software and tables are loaded) in about 100 milliseconds, which will
typically be transparent to a user if the user is the only user attached to the respective
computer through the matrix switch AMS. If, however, the time is objectionably long
(for example, resulting in flicker, etc.) or if a second user is simultaneously connecting to
the computer (which may result in a flicker on the second user’'s monitor), the tones can
be sent during several consecutive blanking intervals, for example during six consecutive
blanking periods. In the latter case, during each of the six blanking periods, one of the
six tones can be sent down the CATS cable to provide the tone test.

[0034] - When a user selects a server from tﬁc OSD in the AUP 31-335, arouting
protocol then determines the appropriate KVM péth to the selected server. This path is
then opened by the AMS. A short time later a tone sequence request is sent to the CIP
that is attached to the selected server. The CIP then sends a number of tones between
32.35 kHz and 48 MHz simultaneously on all three guns (R, G, B).

[0035] The corresponding received amplitude for each tone 1s processed by a Log
Amp 55 whose resultant output is then digitized by a fast A/D converter 56. The use of a

Log Amp results in a log slope of 24 mV for each dB of signal change. The ability to
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compress signals of wide dynamic range avoids the use of gain or range switching at the

front end and improves overall measurement speed.

[0036] The values returned by the measurement system are a decibel

representation of the frequency response of the link at discrete points.

[0037] The returned values are then compared with the reference cable mapping
taken at 10 ft. intervals for the cable type. As previously described, that map resides
within the AUP memory.

[0038] Associated with this reference cable mapping are the appropriate

equalization control voltages that were determined empirically at 50 ft. intervals for the
same reference CATS cable. In one example embodiment, control voltages for any 10 ft.
segment between 50 ft. lengths are determined by piecewise linearization (1.e., 1t 1S
assumed that the equalizer control voltages follow an approximate linear slope between
any 50 ft. interval).

[0039] When a best fit is determined between the frequency response data of the
selected link path and the generic cable mapping in memory, the appropriate correction

voltages are applied to the equalizer stage.

[0040] The procedure is carried out for all three colors on three CATS twisted
pairs.
[0041] It is also assumed (to a first approximation) that all CATS style cables of

interest for KVM purposes have the same general attenuation curve to the generic one
stored in memory. Of course, the target cable need not emulate the laboratory cable at
common distances, which is an advantage of the present embodiment. That is, 1t 1s
enough to know that a lengfh of high quality low loss CATS behaves like a shorter length
of poorer quality cable with a higher loss. In the end, regardless of length, the
appropriate compensation should be applied.

[0042] If this assumption is not sufficiently accurate then the cable equalization
system allows for multiple cable mappings to be stored in memory to accommodate
different and more exotic cable types.

[0043] The total time required for the cable equalization routine is approximately

110 mS, which is essentially undetectable to the user. The inherent high speed of this
8
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approach guarantees minimum disturbance to a second user that is connected to the same

server (and therefore CIP) from another node in the matrix system:.

[0044] In an alternative embodiment, the system lends itself to the formulation of
a mathematical relationship between the measured frequency response data and the
applied correction voltages to the equalizer stage. This would eliminate any requirement
for cable mappings and/or look-up tables.

[0045] In another alternative embodiment, video disturbance to all users 1s
eliminated by sending the equalization tones sequentially during the vertical or frame
blanking interval kapproximately 500 uS).

[0046] As an added benefit there is no requirement to store link equalization
parameters as cable equalization is performed each time a switch is made thereby
reducing storage requirements for system maps, etc.

[0047] Because all cable pairs that carry color information are characterized and
equalized separately, there is no requirement for a specific cable pair pinning assignment.
With the appropriate software, deteriorating link conditions due to poor cable
interconnects, damaged cable etc. can be detected in advance of a catastrophic failure.

This information can then be used to alert a system administrator so that preventative

action can be taken.

[0048] Automatic Adaptive Cable Equalization.
[0049] In the example system, one sees that frequency dependent attenuation is

automatically corrected up to 1,000 feet of CATS style cable each time a valid KVM path

is selected. To do so, the system includes:

[0050] (1) An adaptive equalizing filter to synthesize an inverse cable loss curve.
The equalizer is based on the summation of an all-pass function with a n umber of
weighted high pass sections. The weighting is implemented using voltage-controlled

amplifiers following each of the high pass sections;
[0051] (2) A tone generation block within the Transmitter (i.e. CIP);
[0052] (3) A measurement stage consisting of a source select switch (for each

oun), a Log Amp and an A/D Converter; and
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[0053] (4) A software routine to interpret the measured data and apply the
appropriate correction values.

[0054] Figure 2 illustrates an example equalizer circuit employing the
compensation control voltages. Figure 2 illustrates the red “gun,” but similar guns exist
for the blue and green components as well. The red component is received on the cable
into DC pass through filter 50, the output of which is provided to the summer 54. Also
provided to the summer are the outputs of a low band filter 51, medium band filter 52,
and high band filter 53. The circuitry of Figure 2 is a known type of circuitry, which 1s
adapted for use w;th the novel control voltages employed by the present embodiment. In
essence, the three filters 51-53, provide weighted outputs in order to compensate for
video distortion on the cable. The amount of compensation is determined by the amount
of control voltage applied to each of the filters 51-33.

[0055] Figure 3 illustrates how the control voltages are obtained. On the same
cable, as previously described, tones are applied to the cable, the output of which (i.e., the
response of the cable to the tones) are applied to the log amplifier 55. Ulumately, an
array of measured tone values are taken and compared to the reference value tables stored
in processor 57 in order to find a close matching band. This close matching band is a
section of the array that roughly matches the measured values provided into Log Amp 35.
The output of the Log Amp 55 is provided to A to D converter 56, the output of which 1s
provided the processor 57 for the comparison. The processor performs the matching
function according to a particular selected match routine and outputs the control voltages
to the D to A converter 58 which produces the Vi, Vy, Vy, and Vpc voltages that control
the equalizer of Figure 2. -

[0056] One purely example way to match the measured values with the mapped
values is to choose a mid band frequency to determine the center point of the rough fit
table. This rough fit table is determined by scanning the full reference table against the
measured value. A delta value is calculated as the scan goes across the reference table.
The point where the delta value changes polarity is used as the center point for the rough

fit table. Using this rough fit approach saves processor search time in determining the

10
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more accurate value. The localized band is then used as a reference table to zero in on

the close match for the measured values.

[0057) The zeroing in function occurs as follows. From the rough local table, it is
possible to scan a smaller table more thoroughly. Using the full range of measured
values as a seed (i.e., the measured values for each of the tones used) a scan is performed
on the rough table. The focus of this scan is to determine the best match with the
reference values. In one example, in determining the best fit value, the routine places
more weight on matches with lower frequency tones than it does on the higher frequency
values. The reason behind this is that the most objectionable video effects are caused by
the result of lower frequency deterioration (1.e., long streaks or trails of color).

[0058] It is possible to apply other “weighting” depending on the overall desired
effect, and the above example 1s not limiting of the present invention.

[0059] From the scan, a close match value 1s selected based on one or more of the
following critena:

[0060] (1) The array value with the most matches across the frequency bands;
[0061] (2) In the case of multiple matches, the array value that has the best low
frequency match; and

[0062] (3) In the case of multiple matches, the first matched value.

[0063] Of course, the artisan can consider many other different types ot schemes
for determining a match condition between the measured tone values and the reference
value array, and the above example 1s not intended to limit the present invention.

[0064] The resultant match value is output by the processor 57 to the D to A
converter 58 and is then used to set the correction values in the équalizef circuit of Figure
2. This routine is performed for each of the color guns, thus giving a close fit for each of
the twisted pairs carrying video.

[0063] It a cable type has special electrical characteristics, a reference mapping
may be done for that specific cable, which can then be incorporated into the processor
code 57. Using this approach allows a fully flexible method of determining the most

accurate and appropriate correction voltage that needs to be applied to a particular length

11
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or type of cable, without knowing the length of the particular cables used and without
imposing inordinate delays on the active compensation system.

[0066] The method is further described with respect to Figure 9. In Figure 9, the
request for tone sequences is sent from the AUP to the CIP in step 90. In response, the
CIP sends the tones down the cable back to the AUP. If the tones are detected in step 91,
the AUP performs measurement cycles for tone N at step 93. The measurements
continue at step 93 until the maximum number of tones 1s accomplished at step 94
whereupon the AUP determines whether the measured responses are within a window
range provided b)} the stored map. If the measured tones are outside the boundanes at

step 96, and the target is too high at step 97, the best fit 1s set as the maximum

compensation at step 101.

[0067] If the target is outside the boundanes at step 96 and the target 1s not too
high at step 97, the best fit value is equated to the minimum compensation at step 100. If
on the other hand the measured targets are inside the window boundaries at step 96, the

best fit response is determined by comparing the measured response with the table

response, as previously described, at step 93.

[0068] If the best fit value from step 98 is not valid, the result fails and the
method returns to step 90, at step 104. If, the best fit value is valid at step 99, the best fit
value is used to select the correction voltage at step 102 via processor 57 of Figure 3.

The correction voltages are then applied at step 103 to the filters 51-53 of Figure 2.

Thereafter, the process ends at 105.
[0069] If after the tone request is provided by the AUP at step 90 and no tones are

detected at step 91 after a time out condition at step 92, the process fails step 104 and

returns to the tone request at step 90.

[0070] Automatic Adaptive Cable De-Skew Compensation
[0071] In another embodiment, delay skew on the cable is adaptively

compensated. Different CATS cables have different twist rates to minimize radiation
between the pairs. As a result, at the end of a relatively long CAT?3 cable, the color
component information will arrive at different times for the respective components,

yielding spatial separation on a CRT.
12
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[0072] In the preferred embodiment one determines the slowest pair of the CATS
cable and slows up the other two in order to repair the time coincidence. This is
accomplished by the AUP requesting a tone (that could be the same tone used for
equalization previously described above), for example 750 kilohertz. The tone is sent on
all three color component pairs. Before measurement, a pair select function provides
various pair selections such as, in the first instance, a comparison of the green component
versus the red component. (Note that any rounding of rise times that will inevitably
occur as the video travels down the CATS can be re-squared at the receiving end and will
not effect the phaée compensation assuming that both color components are rounded by a
simil\ar amount). Next, a phase comparator gets the output voltage, compared with a
predetermined delay, and records a lead or lag together with a value stored for that given
pair (green versus red). Next, blue versus red is selected and the process repeated to get a
voltage valuation (and lead/lag) of delay for this color comparison. Next, blue versus
green is compared, followed by red versus green (exactly the opposite of the first
comparison (green versus red) to allow a cancellation of any dc offset of phase
compensation circuit due to, for example, flip flops that may not be perfectly matched,
etc.).

[0073] With the above information, the system can determine the relative time
delays per pair. Using that information, the delays can be switched 1nto the components
themselves.

[0074] In the prior art, delays are provided by lump delays (lc networks) which s
‘not very effective. In order to mmlrnlze npples in such lump delays, there must be lots of
stages, requiring lots of components and lots of space. In this embodiment, pnnted
inductors are placed spirally on pc boards and capacitors (discrete) added to reach a
normalized impedance. Alternatively, the parasitic capacitance of the bilateral CMOS
switches used in the switching can be used for the capacitance in the Ic networks, to
eliminate or supplement the discrete capacitors.

[0075] Thus, the system can automatically detect and correct for inter-pair delay
skew that is inherent in CATS style cables. In the example embodiment, the system is set

up with a maximum compensation range of 128 nS with a 1 nS set-point resolution.
13
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[0076] The de-skew process includes:
[0077] (1) A tone generator block within the Transmitter (1.e., CIP). This can be

the same one used for the cable equalization;

[0078] (2) A binary weighted analog delay block for each video path such as 1s
shown in Figure 7,

[0079] (3) A measurement stage (such as shown in Figure 8) consisting of a
source select switch for comparing CATS signal pairs, a signal conditioning stage using
comparators, a charge pump digital phase detector and an A/D converter; and

- [0080] (4). A software routine to interpret the measured data and insert the
appropriate compensating delay values.

[0081] In operation, after the user selects a server from the OSD i1n the AUP, and
a routing protocol opens an appropriate KVM path to the seclected server, a tone sequence
request is sent to the CIP that is attached to the selected server. The CIP then sends a
number of tones between 32.25 KHz and 48 MHz. for cable equalization purposes, as
described before. When de-skew is required, an additional 750 kHz tone is sent after the
main equalizer tone string. This tone is available on all three color pairs simultaneously.
[0082] In the AUP the source select switch 80 (in the measurement stage) isolates
two of the video paths for connection to the measurement circuitry. High speed
comparators 81 “square up” the received tone’s edges (the relative edge to edge timing
i.e., delay skew which is what is of interest remains unchanged) before the digital phase
detector 82.

[0083]  The digital phase detector 82 is edge triggered with a charge pump at 1ts
butput. This is followed by an active integratbr 83 resulting in a linear output voltage for
each nS of delay skew at its input. The conversion gain is approximately 20 mV/nS.
Output polarity indicates lead or lag conditions.

[0084] The integrdtors output is digitized by the second channel of the A/D
converter 84 and stored by processor 83. This process is repeated for all other video path

combinations, i.e. Green relative to Red, Blue relative to Red and Blue relative to Green.
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[0085] An additional combination of Red relative to Green is used in conjunction
with the Green relative to Red above to determine the magnitude of any residual DC
offsets within the measurement system. These offsets can then be nulled by the software.
[0086] Once the relative Delay Skews between each of the video paths have been
determined, the processor 85 then controls the delay circuits 86 (via switch 77 in Figure
7) to insert an appropriate delay in to each of the two quicker paths such that their
propagation delay now equals that of the slowest path. In Figure 7, the switch 77 1s
additive in sense that it can put one, two, three, four, five, six, all seven, or any
combination there.of of the delay elements 70-776. Because delay elements 70-76 are
binary, the switch can “add” into the color component (red in the upper portion of Figure
7) any amount or delay from 1 ns to 128 ns band on the number and delay value of the
delays 70-76 added in.

[0087] Again because all cable pairs that are carrying color information are
characterized and skew compensated for separately there is no requirement for a specific
cable pair pinning assignment.

[0088] A number of design approaches were considered in developing the delay
elements used in the De-Skew circuitry. Stripline elements were originally considered in
order to preserve bandwidth but were less worthwhile as the length of copper trace
(approximately 66 ft.) required to implement 128 nS resulted in un-acceptable losses.
[0089] Commercial lumped delay elements were also considered but were also
less worthwhile as they had an insufficient number of internal delay sections for a given
delay to ensure minimum amplitude ripple and pulse distortion, and their cost was
prohibitive. | o ' |

[0090] The preferred solution consists of discrete LC delay sections where the
inductor is implemented as a two turn printed coil in a multi-layer PCB and the capacitor
is a discrete surface mount component component, where

[0091] Td = V(LxC) and Zo = (L/C)

[0092] Two LC sections per nanosecond of delay are used where L =7.4 nS,

C =33 pF and Zo = 13R.

15



CA 02476102 2004-08-11
WO 03/071804 PCT/US03/04707

(0093] The 128 nS assembly consists of 1 nS, 2 nS, 4nS, & n§, 16 nS, 32 nS and
64 nS delay sections 70-76 resulting in a binary weighted digitally controlled solution.

[0094 ] The switch element for each delay section consists of two SPDT bi-lateral

CMOS switches.

[0095] An alternative and a novel feature of one design is that the significant
parasitic capacitance associated with the source terminal of the CMOS switch becomes
an integral part of the required delay line capacitance at each end of a binary weighted
delay section, i.e., it is effectively “turned out.” This allows the use of low cost CMOS
switch elements aﬁd yet ensures optimum rise time performance.

[0096] In order to reduce manufacturing costs further it is possible to implement

the delay line capacitors as printed components i.e., both the inductors and capacitors are

not printed structures in the PCB copper layers.

[0097] Method Of Reducing Datalink Pair Crosstalk in CATS RJ45 Connector

[0098] The following describes a third method of compensation that can be used
independently or in combination with one or both of the prior compensation methods.
[0099] In bi-directional data links, at extended distances (like 1,000 feet and
beyond) a high level of video equalization is required. Fifty point-to-point nght beside
the video pairs would not be unusual in such a case, inducing single ended noise. ‘This
embodiment provides deliberate balancing of the noise in the pair by the imposition of
neutralizing capacitors. This gives some amount of noise on the pairs which will then be
rejected by the noise rejection circuttry. The result1s a removél of graininess over long
distance communication. | | | .
[00100] The physical connection between any Tx and Rx element within the
system is a 100 Ohm, 4-pair Basic Category 5 (CATS), Enhanced Category (CAT5Se)or
Category 6 (CAT6) LTP/FTP cable as specified in TIA/EIA-568-A or proposed by TIA
(CAT5e, CAT6); Class D or Class E as specified in ISO/IEC 11801 and the interconnect
is a media interface connector specified in IEC 60603-7 (commonly referred as RJ45)

with pin connections according to EIA T568B.
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[00101] Wire pairings are as follows:
PIN NUMBER SIGNAL WIRE COLORS
[ Green - Orange/White o
— 2 |  Grem+ |  Orange |
4 Red + Blue
S Red - Blue/White
6 Blue + l Green 5
7 Data - Brown/White |
8 Data + Brown
[00102] The Data pair used in this embodiment is a bi-directional EIA 485

compliant interface. As a result of the requirement to be compliant with EIA/TIA-568,

edge energy from Data- (Pin 7) is capacitively coupled to Blue + (Pin 6) and to Blue -

(Pin 3) within the RJ45 housing. As Pin 6 is much closer to Pin 7 than Pin 3 the inter-

electrode capacitance between Pin 6 and Pin 7 is therefore greater than the inter-electrode

capacitance between Pin 6 and Pin 3.

[00103] Thus more Data rate edge energy is coupled to Pin 7 than to Pin 3. This

results in a significant differential noise signal at the input of the differential Receiver for

the Blue gun and appears at its output along with the wanted Blue gun signal.

[00104] At extended distances this blue signal is subjected to significant high

frequency amplification in order to compensate for high frequency loss in the cable. The

induced data rate noise is also amplified. This results in “patterning” superimposed on

the wanted image.

[00105] This effect can be minimized if the induced data rate noise on Pin 3 1s

equal in magnitude to the induced data rate noise on Pin 6. This common mode signal 1s

then rejected by the CMRR of the differential receiver at the front end.

[00106] This can be easily achieved by connecting a small value “neutralizing”

capacitor between Pin 7 and Pin 3.
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[00107] The capacitor selected is such that the inter-electrode capacitance between
Pin 3 and Pin 7 is now equal to the inter-electrode capacitance between Pin 6 and Pin 7.
[00108] Similarly, a second capacitor between Pin 4 and Pin 7 can be used to
minimize data rate noise on the output of the differential receiver for the Red gun.
(00109] While the invention has been described in connection with what is
presently considered to be the most practical and preferred embodiment, it is to be
understood that the invention is not to be limited to the disclosed embodiment, but on the
contrary, is intended to cover various modifications and equivalent arrangements

included within the spirit and scope of the appended claims.
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CLAIMS

1. An analog video switch, comprising:

a switch to establish different conductive paths between a set of workstations receiving
analog video signals and a set of servers sending analog video signals;

a memory device to store a predetermined table of response characteristics of a specified
conductor path type when said conductor path type receives a set of predetermined frequency
tones;

a testing circuit in communication with the different conductive paths to record a
measured response of said conductive paths to said set of predetermined frequency tones;

an equalizer circuit to apply compensation signals to components of said analog video
signals 1n relation to said measured response of said conductive paths to said set of

predetermined frequency tones.

2. A switch as in claim 1, wherein the set of predetermined frequency tones are selected

between the values of 325KHz and 4SMHz.

3. A switch as in claim 1, further including a plurality of testing circuits and equalizers, one

each per component of said analog video signals.

4. A switch as in claim 1, wherein the testing circuit includes at least one computer interface

pod and at least one user pod.

5. A switch as in claim 4, wherein the computer interface pod includes circuitry to receive a
tone request from the user pod and respond by applying the set of predetermined frequency tones

to the conductive paths.

6. A switch as in claim 5 wherein the user pod issues the tone request and determines said

measured response.

7. A switch as in claim 1, wherein the equalizer includes a set of low, middle and high

filters independently controlled by said compensation signals.

19
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8. A method of compensating an analog video component transmitted over an undetermined
cable length, comprising:

pre-storing a predetermined table of response characteristics of a specified conductor path
type for a number of incremental conductor path lengths, when said conductor path type of said
path lengths receive a set of predetermined frequency tones;

pre-storing a set of predetermined compensation values for each of said response
characteristic for each of said conductor path lengths:

testing said undetermined cable length of said conductor path type to record a measured
response of said cable length to said set of predetermined frequency tones;

comparing said measured response with said pre-stored table to identify a close match
between said measured response values and said pre-stored table values;

identifying a corresponding one of said predetermined compensation values;

applying said corresponding ones of said predetermined compensation values to an

equalizer to compensate said analog video component.

9. A method as 1n claim 8, wherein the set of predetermined frequency tones are selected

between the values of 325KHz and 48MHz.

10. A method as in claim 8, further including receiving a tone request and responding by

applying the set of predetermined frequency tones to said cable length.

11. A method as in claim 8, further including applying the corresponding ones of

compensation values to said equalizer as low, middle, and high compensation values.

12. A method as in claim 11, further including applying the corresponding ones of

compensation values to said equalizer as a dc passthrough value.

20
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