ADVERTORIAL

INTRODUCTION -

WHY MONITORING IS NEEDED
As any broadcast operator knows, the major RF
components outside the transmitter building - the
transmission line and the antenna - are not only
critical and essential in the signal transmission
chain, they are also very expensive to acquire, to
install and, mostimportantly, to repair, typically
requiring skilled riggers and specialized equipment.
Even though these RF components are robustly
designed for unattended operation in all environ-
ments, problems can occur. Consider that a failure
inthe line or antenna can interrupt the broadcast
service to millions of end users until the problem
can be identified, located and repaired - all at sig-
nificant cost to the broadcaster. It is then, perhaps,
somewhat surprising that the monitoring of the
condition of the line and antenna has generally
been left to a reflected power or VSWR circuitin
the broadcast transmitter. Such protection does
protect the transmitter, but it has been unable to
prevent many examples of spectacular failures
of line and/or antenna components, resulting in
catastrophic damage and significant off-air time.
It is clear therefore that the broadcast industry is
long overdue for an effective and reliable monitor-
ing system that can identify potentially damaging
anomalies early, thus minimizing downtime and
protecting the operator’s investment by preventing
catastrophic damage.

WHAT MONITORING IS AVAILABLE

AND ITS PROS AND CONS
As noted above, for many years the only monitor-
ing, and therefore protection, of the RF line and
antenna was provided in the transmitter by way of
directional couplers and observation of reflected
power (typically, although some transmitters do
calculate system VSWR, providing better mon-
itoring). The alarm levels were generally set to
protect the amplifying devices in the transmitter
and allowed wide variations in reflected power with
no logical indication of degradation of individual
RF components. Further, these methods can only
measure the resultant reflected power or VSWR of
the entire system at the coupler position, providing
no indication of the presence of the multiple
reflections along the line, caused by insulators,
transformers, elbows, gas barriers and so on, as
well as by the antenna. In many cases, by the time
the transmitter protection activates, the damage
has already occurred with no information provided
on the location of the fault or the extent of the
damage - not much help for the troubleshooting
phase! In some cases the damage is occurring and

the protection does not even activate. Regardless,
that troubleshooting requires a skilled RF engineer,
using a network analyzer, working in parallel with
skilled riggers to even identify the source of the
problem before corrective action can be defined
and then deployed. Evenif the observant trans-
mitter engineer has noted some anomalous VSWR
behavior before the transmitter faults, the RF
engineer still has to shut-down the transmitter and
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RF system if the operator reacts accordingly.

In general, all the mentioned systems share a
common limitation: they are reactive i.e. a signif-
icant degradation has already occurred before
the monitoring system provides an indication of
the problem. Systems relying on arc detection will
likely miss the small degradations in components
or connections that have to occur before anarc
develops. In other words, the arcis not an early
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break apart the line at a suitable point before look-
ing to identify the source of the anomaly - which
may disappear as the system cools.

More sophisticated systems, deployed recently,
install VSWR sensors in multiple locations in the
transmission system, including at the antenna
input and the base of the vertical line run, thus
introducing the possibility to localize the faults
by correlating measurements taken at different
points in the system. Note that these systems are
in addition to, and independent of, the transmitter
monitoring, although some level of integration is
generally possible.

A different approach - a system with the capabil-
ity of detecting and even localizing arcs in the line-
has also appeared in the market recently. Although
information of the occurrence and position of
arcs is definitely valuable in troubleshooting, this
information is provided after the degradation has
deteriorated to the point of voltage breakdown.
Damage to components will likely already have oc-
curred requiring emergency action. Such a system
may, however, limit the extent of the damage to the

indication of a deteriorating issue, but just the evi-
dence of anissue that has been deteriorating over
some time to the point of voltage breakdown.

WHY

RFHAWKEYE?
There isa better solution - real-time monitoring of all
components of the line and antenna system that can
localize small changes in VSWR. RFEHAWKEYE (RFH)
is such a system. By monitoring the line in real-time
TDR-like mode, it can detect and locate local chang-
esinVSWR or Return Loss (RL) with a sensitivity
far surpassing that of overall system VSWR detec-
tors, alsoidentifying when and where a potentially
catastrophic arc has occurred. With 8inch accuracy,
RFH can monitor the detailed behavior of the system,
identifying each single connector or elbow in the
line, and identifying changes as low as 1.004:1, much
earlier than would be visible in the overall VSWR.
Thresholds can be set to generate warnings and
alarmsif the VSWR at a particular location (or loca-
tions) varies beyond acceptable limits. The operator
or monitoring service can then determine if correc-



tive action should be takenimmediately, before the
situation deteriorates, or whether inspection canbe
scheduled later.

Analysis of multiple transmission line failures, in
which evidence of catastrophic voltage breakdown
(arcing) was found, indicates that the arcing was
not the initial failure - the arcing occurs as result
of deterioration of other components through a
variety of mechanisms - all of which will show up
as a deterioration in VSWR before the catastrophic
arcing occurs. Since, in the majority of instances,
the transmitter itself is not damaged, this confirms
that most, if not all, current protection systems
protect the transmitter - not the transmission
line and other RF components i.e. the transmitter
protection may well "see” the catastrophic arcing
and shut down with no indication to the operator of
what actually occurred. RFH has been developed
to provide operators with advance warning of the
development of problems in transmission line and
antenna components, such that catastrophic volt-
age breakdown and damage does not occur. How-
ever, since the rate and magnitude of degradation
will likely be different in each case, depending on
the nature of the degradation, the power level, the
environment and so on, itis conceivable that arap-
idly deteriorating event can occur and an operator
cannot intervene on time. RFH can also identify the
characteristic signature of an actual arc and dis-
play the location of that arc. As will be shown later,

work, or that of aremote monitoring service, allow-
ing the view of system status and sending timely
notifications of detrimental system condition to
all the relevant key people. Forward and Reflected
power monitoring at the RFH coupler is integrat-
ed within RFHAWKEYE, providing rapid indication
of whether the anomaly is in the antenna or the
transmission line.

RFHAWKEYE is independent of the transmission
system used, works with ATSC 1.0, ATSC 3.0, FM,
DVBT-xx, and others.

/7 TYPICALCASE

“ « | OF DEGRADATION
Consider a fully installed system with the reflec-
tion measured by a detector at the input of the
transmission line reading overall Return Loss (RL)
= -33dB (or VSWR of 1.046:1). This is very good.
But this system value of 33dB is the result of the
combination of multiple refiections from transmis-
sion line components such as Tefion insulators,
flanges, elbows, transformers and gas-barriers,
and each of them could be around -50dB (1.006:1).
Now suppose that, for some reason, one of the
Teflon insulators or bullets undergoes a minor
degradation at, say, 760ft. Its RL jumps from -50 to
-45 dB (1.011:1). This will have virtually no impact on
the broadcast system operation - it is not a major
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an arc was simulated by introducing a probe into a
section of transmission line causing an increase in
VSWR at the probe location well before the voltage
breakdown of the arc occurs. RFH will capture and
display both the degradation leading to the arc and
the characteristic signature of the arc.

Executing a continuous in-service TDR-like
measurement not only enables the early detec-
tion, but also determines the exact position, of
anomalies thus providing valuable, time-saving
information for the rigging crew to confirm and
perform necessary repairs.

The RFH system uses Internet Protocol (IP) and
can be readily integrated into the operator’s net-

change in overall VSWR measurement. The station
will still be working perfectly and the detector
value at the input will go to maybe -32.2dB (1.05:1),
a1.004:1change. The change would most likely
gounnoticed - the resolution of most VSWR or
RLmonitoring in use today simply won't show the
change. However, RFHAWKEYE will show the mag-
nitude and location of this change. Perhaps the
change is cyclical and of no concern or perhaps
the change is the first indication of the degrada-
tion of aninsulator or bullet - which will only get
worse. With RFHAWKEYE, the operator has been
warned: "There is a change from 1.006:1to0 1.011:1at
760ft" This change, along with any others, can now

be tracked and, if it gets worse, corrective action
can be initiated before a failure occurs.
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“. 4 INSTALLATION
Now consider that, during installationof a
transmission line, one or more connectors is not
assembled properly or is contaminated. The con-
tamination is minor and the normal system tests
before operation do not raise a warning flag. Then
RF power is applied and the contamination, or poor
connection, starts heating up starting a poten-
tially slow downward spiral of damage starting at
the connector but progressing back towards the
transmitter. RFHAWKEYE would "see” the small
changes of the VSWR at the connector and would
send out a warning and eventually an alarm before
the connector is fully deteriorated or arcing has
occurred. As mentioned in example 1, the trans-
mitter monitoring or any other available monitoring
system would most likely not react at the onset of
the issue, potentially resulting in catastrophic and
extensive damage to the line.

=" CONCLUSIONS

' RFHAWKEYE moves the monitoring of broad-
cast transmission systems from a reactive mode
to a proactive mode enabling better protection of
the transmission system as well as increasing the
overall reliability and safety of the site.

Monitoring of the entire RF transmission system
24/7 at full RF power, using RFHAWKEYE, can wam
the operator of locations of small changes and
send warnings and alarms when the changes ex-
ceed the thresholds, but before they could cause
extensive damage. It provides historical data on
the system condition allowing trends to be iden-
tified without the need for a visit by a technician
to sweep the line and verify normal operation or, in
the case of an alarm, determine where the issue is
located thus reducing maintenance and/or repair
costs and off-air time.

RFHAWKEYE is a monitoring system which
operates independently of the broadcast standard
inuse, thus providing broadcasters with valuable
information on, and protection of, their RF systems
long into the future.
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