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Atrip down 
remote 
control lane 
Remote control systems and 
technology have come a long, long way 

Comment 
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correctly, this used a 300-400 Hz FSK scheme for the 
wireline version). 

Some folks used an over-the-air SCA for telemetry 
backhaul for the TRC-15 — if you couldn't get a reading on 
anything, the transmitter must be off! — but others used 
telemetry return links on one of eight discrete 450/455 
MHz frequencies designated for such by the FCC. And there 
were no status indications. 

But all in all, the TRC-15 was a huge step up (no pun 
intended) from the old stepper relay DC remote control 
systems. It was an even better platform if you installed the 
digital telemetry adaptor offered as an aftermarket add-on 
from Hallikainen and Friends. 

Cris 
Alexander 

Tech Editor 
and director 

of engineering 
at Crawford 

Broadcasting 

emote control systems 
R have come a long way 

in my 45-year broadcast 
engineering career. 
There was a time 

when you could call 
the phone company and order a 
"dry pair" from point to point, and 
over that dry pair you could connect 
your remote control system with its 
telephone dial, stepper relays and 
DC metering. 
Those old systems were always 

interesting, especially when the 
steppers got out of sync, but somehow 
they got the job done. 
Then came the Moseley TRC-15 

types that used audio tones for 
telemetry. We could use those over a 
dry pair or just about any bidirectional 
telco circuit, or you could use them 
over a subcarrier on an STL for the 
outbound control functions (if I recall 

Up in smoke 
There were some digital systems from Moseley that came 
after the TRC-15.1 remember using them in some of the 
TV stations at which I worked. The red LED digital readouts 
took away the sometimes difficult task of meter scale 
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interpretation and interpolation, always a plus with busy 
master control operators! 
Then in the early 1980s came the MRC-1600, a 

16-channel digital remote control with status. 
The old TRC-15 didn't seem to care much about lightning, 

but that MRC would go up in smoke every time the sky got 
cloudy, or so it seemed. I remember that the display would 
say OUCH! if an input channel got hit with too much voltage 
or if one of the multiplexers was damaged. 

That sensitivity to static discharges bit me one time, 
too. It was always a challenge to remember to take the 
R/C out of "local" and put it back in remote when leaving 
a transmitter site. One TV station at which I worked had 
a red 60-watt light bulb in a porcelain socket right next to 
the door, and that bulb would be lit whenever the remote 
control system was in "local." That saved a lot of midnight 
trips back to the tower site. 

I wanted something similar at one radio site I took care 
of, so I thought I would put the NC contacts of the local/ 
remote relay in series with the alarm system door contact 
— it would then be impossible to set the alarm with the 
remote control in the "local" mode. 
That worked great until the next thunderstorm. The MRC 

lost its mind (OUCH!) and opened that local/remote relay 
and set off the burglar alarm. 

It was a long drive to that tower site at "Cadaver Creek" 
in stormy weather with the alarm wailing and the police 
on the way. 

Talking control 
In the late 1980s, Gentner Engineering came out with the 
VRC-1000, a revolutionary new "talking" remote control 
system that worked over a dial-up phone line. 

That changed everything for radio stations. No longer 
would they need an expensive dedicated line or dry 
pair for remote control, or a fussy, interference-prone 
telemetry return link that would blank out whenever 
a cab driver passed by the studio while talking on his 
dispatch radio. 

The early vocabulary was limited, but we made it work. 
And the best part was that the unit would call us when 
something went wrong. Programming was a chore, but it 
was just so... cool... that we didn't care! 

Later iterations of the Gentner VRC (and Burk GSC) had 
improved vocabulary and other capabilities, and some of 
these units are still in service today. 

If memory serves, Gentner came out with a "sample and 
hold" system to interface its VRC-series systems to analog 
antenna monitors, and that worked pretty well except right 
after pattern change — you had to wait for the next sample 
to get an accurate set of readings. 

Potomac Instruments came out with a pretty good 
and capable system in the late 1980s. Interfacing remote 
control systems to analog antenna monitors was always a 
difficult task, and the Potomac RC16+ had a means of doing 

Top 
A Gentner VRC-
1000 "talker" is 

visible in the right 
rack bay. When 
that model came 
out, we thought 

we’d gone to radio 
heaven. 

Above 
This IP-based 
remote control 
is not the latest-
greatest model 
from Burk but 
remains very 

capable. 

that, using a scan function to constantly monitor operating 
parameters. 

The thing that probably kept the unit from greater 
popularity was that it could not be programmed in the field. 
Need to make a change? Fill out this form and we'll burn 
and ship you a new EPROM. 

That worked, but it was anything but convenient, and it 
certainly discouraged programming changes. Still, it was a 
rugged, reliable system. 

IP all the way 
The name Burk became synonymous with "remote control" 
in the mid-1990s, and that remains the case today. 

The first Burk systems I used were ARC-16s, and they 
were good, rugged, reliable units that could be configured 
as stand alone dial-up, dedicated studio/transmitter pairs 
of a combination. 

These systems had RS232 capability, and you could 
purchase an IP-to-RS232 adaptor to link your units together 
over a network or even the internet. Multiple sites could be 
linked, a popular feature in the age of consolidation. There 
are a lot of ARC-16 systems stiM out there in service, and for 
good reason. 

Which brings us to today and the ARC Plus and ARC Plus 
Touch systems, which are nothing short of amazing. These 
units use IP connectivity all the way, and the ARC Plus 
Touch has SNMP and API capability. 

in our company, the last few transmitter installations we 
have done where we had a Touch system in place did not 
use so much as an "RF On/Off' wire connecting transmitter 
to remote control — everything was done by SNMP. Which 
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Further 
reading 
For more on 

this topic, 
see "Remote 

Controls Have 
a History All 

Their Own" at 
rodioworld.com, 
search "remote 

controls." 

I should say can be a bit like drinking from a fire hose 
with some equipment interfaces — there are so many 
parameters available to monitor. 

I should not fail to mention systems by Sine Systems, 
Broadcast Tools and others that provide a bridge between 
technologies and an excellent means for stations with 
limited resources to avail themselves of many of the 
features of much more expensive systems. I have used 
some of these systems in niche applications even within 
larger operations and found them very useful. 
Today's remote control systems, along with companion 

software, can do a lot of things. Many can run scripts and 
macros that can make decisions. You can make the logic as 
simple or complex as you wish using IF/THEN statements 

X X I remember that the 
display would say 
OUCH! if an input 

channel gol hit with loo 
much voltage. 9^ 

and AND/OR Boolean operators. Actions can be scheduled 
based on a calendar/dock, or they can be triggered by 
some external input or event, even taking input from 
external off-site data over the internet. They can blow up 
our phones or drive us nuts with texts and emails. I love the 
mobile web page displays of some remote controls, where 
I program things green-good/red-bad. A busy operator or 
engineer can tell at a glance if all is well. 

One of the best macros that one of our engineers uses 
sends a text to her phone every 10 minutes whenever the 
remote control system is in the "maintenance" mode (the 
modern version of the "local" mode). That ensures that she 
won't get more than 10 minutes down the road before she 
realizes she forgot to turn that off before leaving. 

Not once since implementing this macro has she had to 
make an emergency run to a site at pattern change time 
when the pattern couldn't change because the command 
relays were disabled! And not once has this set off the 
burglar alarm at a site! 

In this day and age of ultra-capable remote control systems, 
our transmitter sites can be almost completely autonomous, 
which translates to fewer of the time pressures that often 
accompany equipment malfunctions. Such a remote control 
system can react to the failure, look at multiple variables and 
make decisions that will get the station back operating again 
in less time that it would take the engineer to answer his or 
her phone. That's worth something. 

Arcadia 
[Arc*a*di*a ] (n) 

1. mountains in ancient Greece known for peace and contentment 

2. a system that consolidates ARC Plus data to NOCs and web browsers 

Arcadia from Burk Technology delivers fingertip access from anywhere. 
Arcadia is simple, scalable and very secure. 

Arcadia promises peace and contentment. 

KURK JLP TECHNOLOGY www.burk.com | sales@burk.com | 978-486-0086 x700 ^Aarcadia 
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Peter Transmitter autonomy 
-S with flowcharts and APIs 
echnology 

Near-autonomy can be achieved at many sites 
with the right hardware and apps 

N 
o one likes the 3 a.m. calls from the 
transmitter site. Even if you can fix the 
problem from home, it still is an unwelcome 
intrusion. 

Instead, imagine waking up after a good 
night's sleep and reading a reassuring note 

from your transmitter site that all is well. 
That's where autonomy comes in. It's the ability for the 

transmitter site to circumvent faults even if the control 
link is down. 
Through autonomy, each site becomes an island of 

reliability. 

Plan for autonomy 
Planning an autonomous site starts with predicting the 
measurable things that might signal the need for action. 

If you've been at the site for a while, you know what 
conditions have dragged you out of bed. At the top of the 
list you might include loss of carrier, loss of AC power, 
silence and high VSWR. 

Setting alarms to detect these conditions needs to be 
done thoughtfully. An alarm is pointless if there is nothing 
you can do about it. Setting a high outdoor temperature 
limit is only useful if you need the information to cause a 
specific action. 

Set your thresholds wide enough to avoid nuisance 
alarms. If your AC line voltage sags on Monday morning 
allow for it in your trip points. 

Be aware of the source of the alarms on which you 
will depend. An SNMP fault indication from a transmitter 
will never occur if the transmitter doesn't have power. 
It is better to have external indications of failure where 

radioworld.com | April 21 2021 



The astonishing new Bluetooth Audio Gadget. 
So much better than taping your phone to the mic. 

There are plenty of ways a smartphone could be useful on air. Playing recorded 
audio, voice clips or music, for instance. How about using a SIP client as a codec? Or 
Skype or Zoom or social media sound? And of course, putting callers on the air. If only 
there was a professional bidirectional audio interface for cell phones... 

Problem solved. The Bluetooth Audio Gadget makes it easy to put a smartphone 
on the air. Just pair your phone, and the Bluetooth Audio Gadget automatically 
negotiates the optimal codec algorithm (usually APT-X for Android, AAC for iPhone). 
Balanced audio I/O connects the Gadget to your console. The sound quality is 
amazing. And the Bluetooth Audio Gadget is bi-directional, so you can even send mix¬ 
minus to your caller. 

Like all Angry Audio products, the Bluetooth Audio Gadget is built-for-broadcast with 
premium components like an all steel enclosure, internal AC power supply, and gold-
plated audio connectors and switch contacts. Place it on your desktop, or mount it in 
your rack with our rackmount kit. 

Order your Bluetooth Audio Gadget today. Your talent will call and thank you. 

AngryAudio.com 
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possible. In this case, an RF 
Power Sensor connected 
to a directional coupler 
in the transmission line is 
preferred where available. 

Alarm hierarchies 
Obviously, if there is no 
AC power, banging on the 
transmitter ON button 
won't do any good. Similarly, silence sense is meaningless 
if there is no carrier. AutoPilot alarm relationships as 
shown in Fig. 1 can be used to suppress alarm reporting 
for subordinate alarms, rolling them up into the root 
cause alarm. Still, they must be considered within the fault 
monitoring functions. 

Jet Active Flowcharts 
Using carrier loss as an example, a status alarm can trigger 
the recovery function. Using Burk AutoPilot with Jet Active 
Flowcharts, your carrier loss recovery function might look 
like Fig. 2 on page 14. 

Note the use of frequent messages to the log. These are 
very useful for debugging if something doesn't work the 
way you expected. 

Above 
Fig. 1 : AutoPilot 

Alarm Relationship 
Table showing 

four subordinate 
alarms. 

If you have more than one fan in the transmitter, put a 
temperature probe in front of the exhaust of each one. 
Use a virtual channel to watch for a change in temperature 
between the two and set it to alarm if the delta increases. A 
failed fan will show up quickly. 

Autonomy includes more than the transmitter and 
associated equipment. Consider what would happen if the 
HVAC stopped working. Check for degraded performance 
by measuring the temperature at the output and 
compare that over time with readings at a similar ambient 
temperature. This can be automated with virtual channels. 

You can also assign an elapsed time channel that you 
reset each time you change the filter. Admittedly a high-
tech solution for a low-tech problem, but for some of us, 
more likely to get noticed. 

Preventing Emergencies 
Autonomy requires diligent routine maintenance. 
Monitoring with an eye toward heading off trouble can save 
a lot of unscheduled trips to the transmitter by focusing 
attention on potential sources for degrading performance. 

Virtual channels help spot issues before they take you off 
the air. They can include calculations from other channels 
to synthesize a new channel. 

Simply subtracting the temperature at the input to the 
transmitter cabinet from the exhaust temperature gives 
you an early warning that there is something to look for on 
the next routine visit. A change could indicate something 
as simple as a clogged air filter or a mistuned amplifier, 
but almost any important change in the health of the 
transmitter will affect this reading. An ARC Plus virtual 
channel can be set up to alarm when the delta-T changes. 

X X Backup audio over a 
second path is great, 
but even a USB slick 

with appropriate tracks is 
better than dead air. 

Troubleshooting autonomous sites 
Despite your best efforts, there will always be failures for 
which there is no automatic response. 

This is where you would like to have a little more 
information before you get behind the windshield. If the 
carrier is off or there is no power at the site, you know 
where to go, but for audio problems a lot of time can be 
lost driving to the wrong site. 

Consider connecting some "leaving here OK" metering 
at the studio or other program source and something at 
the transmitter that tells you that the signal entered the 
building. These can be silence sense units connected to the 
remote control at each location or SNMP from the audio 
gear at both ends brought into the remote control. 

Backups and spares 
Sometimes it may seem like you have backups for 
everything except what just failed. Radio is a business, 
and as such there are finite limits on how much 
redundancy makes sense. Whatever your constraints, 
plan for the possible failure of each piece of critical 
equipment. 

An auxiliary transmitter should be high on the list, 
but if it is out of the question, work with the transmitter 
manufacturer to be sure you have spares for components 
prone to failure. 

If you do have an aux, make sure it is tested regularly. 
This is easily automated with a flowchart that runs once a 
week or once a month. 

radioworld.com I April 21 2021 
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Backup audio over a second path is great, but if that's 
not possible, at least have a backup source of audio at 
the transmitter. Even a USB stick with appropriate tracks 
is better than dead air. It is best to duplicate as much of 
the audio chain as possible, so you don't have to switch 
multiple inputs to get on the backup. 

Introduction to APIs 
Traditional remote control was based on GPIO (general 
purpose input/output), which allowed the inclusion of 
sources that were reachable with a pair of wires. SNMP 
extends the reach without wires, but isn't universal. 

APIs (Application Programming Interfaces) are the 
currently hip way to get data from one device to another. 
They aren't new. Salesforce famously got APIs off the 
ground in 2000. If you are curious, Wikipedia is a good 
place to learn more. 

The Burk REST API provides external access to meter, 
status, command and macro channels, expanding the 
reach of the ARC Plus system to include data available on 
the web, a PC or loT devices. 

APIs expose the parts of a program or product that 
would be useful for interconnection. Two or more APIs are 
connected using what are commonly called "mashups." 
A PC runs the APIs, delivering data to the ARC Plus and 
routing commands and readings from the ARC Plus. A 
listing of about 24,000 APIs is available in the API directory 
at ProgrammableWeb.com. 

Custom applications can be written in any script or 
programming language that supports HTTP GET and POST 
commands. The ARC Plus REST API works seamlessly 
alongside traditional GPIO and SNMP channels. For details, 
contact Matt Leland at sales@burk.com for the free API 
Tech Bulletin. 

APIs as meter or status inputs 
An autonomous transmitter site benefits from inputs 
available on the web. 

Weather is the most obvious example. Rather than 
installing and maintaining a weather station at the 
transmitter site, you can monitor current conditions using 
one of the many weather APIs. 

Each measured parameter is sent to an ARC Plus channel 
using a small script that runs on a PC. The PC needs 
access to the internet and ARC Plus but doesn’t need to be 
co-located. 

Fig. 3 shows a portion of 
a Python script that feeds 
data to the three AutoPilot 
thermometers shown in Fig. 4. 

While the view of the data 
is of value, more important 
to our autonomy is the ability 
to use this data to make 
decisions. For example, 

Fig. 3: Python 
script snippet for 

weather API 

Below Right 
Fig. 4: AutoPilot 
thermometers 
driven by API 

# Read the current temperature in Littleton 
txAmbF = weather.GetWeatherTemperature("Lat=42.6,Lon=-71.6") 
littletonF = weather.GetWeatherTemperature("Littleton,MA,US") 
loganF = weather.GetWeatherTemperature("Boston,MA,US") 

It Store the value into the ARC Plus 
arcPIus.SetMeterfl, txAmbF) 
arcPlus.SetMeter(2, littletonF) 
arcPlus.SetMeter(2, loganF) 
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C : \Test>ciiurl “10.10.0.96/api. cgi?actior»=meter&token=dN70Z3jc9ieD0S5R&channel=r 
{ 
"result"¡"success", 
“meter”: [ 
{ 
"channel":1, 
“online”:true, 
"name”:"Temp", 
"value":85.099998, 
"units":"F”}]} 
C:\Test>_ 

automatically shut down the air conditioner to prevent 
freeze up at low temp, start deicers as temperature nears 
freezing, or predict condensation by comparing dew point 
with ambient temperature. 

Above 
Fig. 5: API call to an 
ARC Plus from the 
command line 

APIs as outputs and commands 
Command APIs give you the powerful ability to bring 
non-traditional devices under autonomous control. Most 
loT devices have user-friendly APIs so making your smart 
home devices or even Alexa part of your plan is completely 
feasible. You likely would avoid consumer devices in the 
broadcast chain, but for items that are not mission-critical, 
there are many that are easily integrated. 

Getting data out of the remote control and into the 
PC is straightforward with APIs. Fig. 5 shows a command 

line result. Typically, this result would be 
parsed in a script and the desired data 
would be used as an argument of an API 
call to an external device. 

Looking ahead 
A look into the crystal ball sees artificial 
intelligence as a goal. Reducing trips to the 
transmitter sites is an aim for most major 
broadcasters, and not being off the air is 
even more important. 

By keeping data on how the equipment 
performs at a particular site, it is 

reasonable to assume that we will eventually be able 
to generate reliable data that tells us when to repair or 
repJace a particular piece of gear. We really have a lot of 
that information already, but it still depends on human 
interpretation. Machine learning will help us develop the 
most efficient ways to operate our equipment with less 
human intervention. 

On a wider scale, data from multiple sites can be 
compared and analyzed to spot trends. Manufacturers of 
broadcast equipment are already moving in this direction, 
but the ability to apply the concept across an entire plant is 
still to be accomplished. Some of the correlations might not 
be obvious but we will learn to trust the data. Expect major 
advances in the next decade. 
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RFHAWKEYE - The Game Changer Solution 
for RF Transmission System Monitoring 
The solution, based on real-time TDR-like mode, detects and locates local changes in VSWR with 8 inches 
accuracy allowing operators to apply corrective actions in preventing antennas failures and downtimes. 

1 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, most importantly, 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 
in the 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 circuit in 
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-airtime. 
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. 

2 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. Even if 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 

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 an arc 
develops. In other words, the arc is not an early 

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 an issue that has been deteriorating over 
some time to the point of voltage breakdown. 

3 WHY RFHAWKEYE? 
There is a better solution - real-time monitoring of all 
components of the line and antenna system that can 
localize small changes in VSWR. RFHAWKEYE (RFH) 
is such a system. By monitoring the line in real-time 
TDR-like mode, it can detect and locate local chang¬ 
es in VSWR or Return Loss (RL) with a sensitivity 
far surpassing that of overall system VSWR detec¬ 
tors, also identifying when and where a potentially 
catastrophic arc has occurred. With 8 inch 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 
alarms if the VSWR at a particular location (or loca¬ 
tions) varies beyond acceptable limits. The operator 
or monitoring service can then determine if corree-



tive action should be taken immediately, before the 
situation deteriorates, or whether inspection can be 
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, it is conceivable that a rap¬ 
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 a remote 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 Refected 
power monitoring at the RFH coupler is 'ntegrat-
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. 

EXAMPLES 

4 TYPICALCASE 
. I 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 reflections from transmis¬ 
sion line components such as Teflon 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 RLjumps from -50 to 
-45 dB (1.011:1). This will have virtually no impact on 
the broadcast system operation - it is not a major 

Arcs Chart 

an arc was simulated by introducing a probe ¡nto 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), 
a 1.004:1 change. The change would most likely 
go unnoticed - the resolution of most VSWR or 
RL monitoring 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 an insulator or bullet - which will only get 
worse. With RFHAWKEYE, the operator has been 
warned: “There isa change from 1.006:1 to 1.011:1 at 
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. 

4 FAULTY 
.4 INSTALLATION 

Now consider that, during installation of 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. 

5 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 warn 
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 
in use, thus providing broadcasters with valuable 
information on, and protection of. their RF systems 
long into the future. 
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The C-band repack Writer 
Mark 

Johnson 
CSRE 

President, 
How we got here, where we are, and what the future holds for broadcasters 

Linkup 
Communi¬ 

cations N 
othing has gripped the attention of radio 
and television engineers and management 
like the FCCs mandated C-band repack. For 
over three years, the idea of 5G co-sharing 
the coveted mid-band spectrum has been 
speeding along, directed by Congress in 

the 5G Spectrum Act of 2019 and the Beat CHINA for 5G 
Act of 2020 to open the mid-band (or C-band) to mobile 
broadband. 

Now the real work begins. If you're a broadcaster in one 
of the major markets who registered your antennas with 
the FCC but chose to opt-out of the all-expenses-paid mid¬ 
band spectrum repack, you need to develop a strong plan 
in 2021 to tackle the C-band transition at your downlinks. 
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Below 
Mark Johnson and 
the team at Linkup 

use high-quality 
satellite meters 
and spectrum 
analyzers to 

document the 
performance of 

downlinks and 5G 
filters. 

How we got here 
The use ofC-band for radio, television and cable content 
delivery began nearly 50 years ago. 

In fact, HBO became the first television channel in the 
world to begin transmitting via satellite — expanding the 
growing regional pay service into a national television 
network — in September 1975. National Public Radio and 
the Mutual Radio Network quickly followed, beginning their 
own distribution by satellite in 1979. 

Prior to satellite delivery, every network affiliate, 
television and radio station had to maintain equalized lines 
from AT&T for every network source, costing broadcasters 
hundreds of dollars per month. With the introduction of 
satellite, operating costs plummeted with the elimination of 
monthly phone line costs by affiliates. 

Another key to the C-band spectrum's popularity is 
its resistance to adverse weather. With a reliability of an 
unheard of 99.99%, coupled with extreme cost savings, 
C-band quickly became the critical link for radio and 
television programming in all 50 states and around 
the world. 

Government involvement 
As early as 2016, Congress began pushing the Federal 
Communications Commission to repurpose bandwidth 
for mobile broadband, with apparently little to no regard 
for the current users of the bandwidth. Like the broadcast 
industry, mobile broadband companies wanted to lay 
claim to the mid-band spectrum for its effectiveness — 
specifically its line-of-sight reliability in poor weather. 

Their goal: to gain 500 MHz of bandwidth from 3.5 GHz 
to 4.0 GHz. 

After noting both the desires of the broadband industry 
and the singular focus of Capitol Hill, satellite industry 
leaders SES, Intelsat and Telesat decided to form an 
association to promote an industry-backed solution 
and auction in order to share the spectrum. The C-band 
Alliance, or CBA, began a multi-dimensional operation to 
preserve C-band distribution, while making room for 5G 
mobile broadband usage. 

A discrepancy in numbers 
Misinformation about the significance of C-band delivered 
content to the broadcast industry and others fueled 
Congress and the FCC's push for 5G to gain access to the 
C-band spectrum. It was assumed by the FCC there were 
only roughly a thousand C-band users throughout the 
U.S., because that was the number of actual registered 
downlinks with the FCC. 
Vet both the CBA and the broadcast community agreed 

that the numbers were actually much larger. Why the 
discrepancy? In the 1980s, AT&T began to decommission 
4 GHz point-to-point microwave links, making C-band 
downlink registration and frequency protection 
superfluous. 

In an effort to get a clear picture of the number of actual 
C-band downlinks in the country, the FCC conducted a 
registration drive in 2018, asking owners to register their 
downlinks and pay a $450 per antenna processing fee. 
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Since paying the fee was a stumbling block for C-band 
downlink users registering multiple sites, the CBA pushed 
the FCC to waive it. When the FCC refused, SES stepped 
in and reimbursed thousands of downlink owners 
their registration fee themselves. SES's efforts led to a 
substantial increase of registrations in 2018 with a total of 
nearly 17,000 registered C-band downlinks. 
The FCC was ill-prepared for the flood of C-band 

registrations. The process of confirming these registrations 
took the commission nearly 18 months. Yet, in spite of 
the larger-than-expected registration turnout, many 
broadcasters believe as many as 50% of America’s C-band 
downlinks still remain unregistered. 

Jumping through hoops 
In a study of current customers by each satellite company 
in 2019, the CBA was able to plan a transition that 
eliminated excess capacity. The launch of new satellites 
would allow for 200 MHz of bandwidth to be earmarked for 
5G. The CBA was confident in its approach, since the FCC 
indicated that they were in agreement that a solution of 
200 MHz of bandwidth, with 120 MHz of bandwidth being 
cleared in the top 46 Partial Economic Areas (PEAs) in the 
first 12 months, was the best way to move forward. 

Yet, before the orders would be released, the FCC 
demanded 300 MHz of bandwidth for the broadband 
industry from the CBA. In a quick reshuffle, the CBA 

developed a plan to compress 500 MHz of satellite content 
delivery into 200 MHz from the same satellite arc, with the 
launch of at least seven new satellites. Once again, the FCC 
continued to signal their plan to release the order with the 
"industry-led solution." 

At the twelfth hour, however, FCC Chair Ajit Pai went 
in a completely different direction. On Nov. 18, 2019, 
Pai announced the "FCC solution" was to repurpose the 
300 MHz of satellite designated frequency from 3.7 GHz 
to 4.0 GHz. 
The FCC would set up a Capacity Auction, a reverse 

auction for satellite transponder capacity. This newly 
freed capacity could then be used to repack the C-band 
incumbents who remain. Pai reasoned that the resulting 
revenues would be split between the auction participant 
and the U.S. Treasury, with the cost of relocation or 
protection coming from the auction participant's portion. 
The FCC designated CohnReznick LLP and subcontractors 

Squire Patton Boggs (US) LLP and Intellicom Technologies 
Inc. to serve as the Relocation Payment Clearinghouse. The 
FCC also established a C-Band Clearinghouse Coordinator, 
RSM US LLP. 

The lump sum 
Though it was originally assumed that SES, Intelsat, Telesat 
and Eutelsat would handle all details of procurement, 
installation and documentation of the filters at registered 
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downlinks, the FCC had still one more curveball in their 
playbook. 
The FCC offered a lump sum buyout of $8,948 to 

registered downlinks. Thousands of downlinks chose the 
cash, once again decentralizing the process even further. 

If your operation chose the lump sum, the timing, filter 
and documentation is completely on you. If you did not opt 
out, the satellite owners are still responsible for making 
your system whole. In some scenarios it may even include 
a new downlink as well as a two-tiered filter install. The 
Clearinghouse will be responsible to reimburse the satellite 
owners for those expenses. 

The repack: For you, it's all about timing 
Satellite owners must migrate off of all transponders below 
3.82 GHz by Dec. 5, 2021 in conjunction with the FCC's 
Relocation Coordinators. The satellite owners must order, 
construct and launch more than seven new satellites by 
Dec. 5,2023 to compensate for lost bandwidth by filling 
in empty orbital slots. The satellite owners must migrate 
all customers to transponders above 4 GHz by Dec. 5, 
2023. All related expenses for the satellite owners will be 
reimbursed by the Relocation Coordinator. 

Phase 1 — Dec. 5, 2020 to Dec. 5, 2021,3.7 GHz to 3.82 
GHz must be cleared from use by C-band downlinks 
in the top 46 Partial Economic Areas. Wireless carriers 
will be installing facilities in preparation to begin service 
transmissions as early as Dec. 5,2021. 

/ X Radio broadcasters 
can skip the red 
filter completely 

and install the blue filter 
immediately. 

Phase 2 — The clearing of 3.7 GHz to 4 GHz nationwide in 
anticipation that transmissions of 5G wireless could begin 
as early as Dec. 5,2023. 

Phase 3 — Protection for downlinks expires nationwide on 
Dec. 5, 2025. 

It's about 5G filters, too 
In addition to industry, legislative and FCC outreach, the 
now-defunct CBA spent large sums of money on research 
to develop a filter to impede 5G signals. Going through 
countless versions and improvements, the CBA's ultimate 
goal was the development of a filter that had more than 
twice the rejection of typical WiMax orTI filters. The filter 
would also need to have a sharp rejection of 70 dB in just 
20 MHz. Additionally, filters must produce these results and 
have a lower insertion loss than any filters it replaced. 

The plan for the immediate clearing of 120 MHz in the 
top 46 PEAs made the filter development and deployment 
more complex. In anticipation of the multi-phase clearing, 
the CBA developed a two-filter solution — the same 
solution now on the market. 

The first, called the "red" filter, is a temporary filter that 
allows the bandpass of transponders 7 through 24, while 
rejecting all 5G transmissions of 70 dB or less, below 3.8 

Above 
The new 5G 

filter is installed 
between the 
feed horn and 

the LNB. 

GHz. This filter also rejects transmissions above 4.22 GHz 
allowing it to replace existing radar-TI filters. 

The "blue" filter is the permanent filter solution, allowing 
the bandpass of transponders 16 through 24 while 
rejecting all 5G transmissions of 70 dB or less, below 3.98 
GHz. The blue filter also rejects transmissions above 4.22 
GHz, allowing it to replace existing radar-TI filters. Once all 
cable, television and radio networks are migrated above 
transponder 16, the red filters will be replaced. All non¬ 
filtered downlinks will be outfitted with the blue filter. 

The exception to the two-tiered red filter/blue filter 
solution: Radio. 

Fortunately for radio broadcasters, SES has moved 
all commercial radio networks on SES-11 and religious 
networks on SES-2 to the higher transponders, while 
Intelsat has moved the Public Radio Satellite System to the 
higher transponders. Radio broadcasters can skip the red 
filter completely and install the blue filter immediately. 

TV and Cable MSO are not so fortunate. They likely must 
start with the red filter in the top 46 PEAs. Ultimately, the 
installation of the blue filter would depend on the services 
used on the particular antenna and whether all of those 
services had migrated above 4.0 GHz. For these operators 
the monitoring of the transition periods to other satellites 
and higher transponders will be important 
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And don't forget documentation 
Don't skimp on this extremely important part of the 
process. Think about it: What records/receipts may the FCC 
require in an audit? 
The FCC has given the impression that they will very 

likely audit some percentage of sites that are directed by 
the Clearinghouse and performed by contractors of SES, 
Intelsat and Telesat. Details on what the FCC will expect for 
the $8,948 that they provided in the lump sum option are 
even less clear. 

However, consider this: If in the future there should 
ever be an interference issue between a downlink and 
a wireless carrier, the FCC will likely demand proof that 
your downlink was operating nominally and that 5G 
mitigation was carried out properly, before interference 
became an issue. 
Whether you're conducting your own repack, or 

hiring a qualified technician for 5G mitigation, here are 
the steps that the FCCs Clearinghouse is demanding 
their contractors perform. You'll want document your 
findings, as well: 

• Site registration number, screenshot of cell phone lat/ 
long coordinates 

• Pre-installation check of antenna, feed, cable and receiver 
• Pre-installation proof of performance using a satellite 

signal and performance meter 

• Post installation proof of performance using a satellite 
signal and performance meter 

• Post installation images of antenna, feed, cable 
and receiver 

Looking toward the future 
As the mid-band frequency shrinks for the broadcast 
industry, available C-band space segment is at a premium. 
So, too, is Ku band, as some users move away from C-band 
to this slightly less-resilient transmission. 

Personally, I expect to see content providers experiment 
with less-reliable distribution methods. For example, 
public internet is readily available but typically designed 
for consumer use and not for professional transmissions. 
However, some products are now available in the 
marketplace that can enhance the internet and provide a 
more stable transmission. 

But C-band transmission for broadcast content is not 
going anywhere. It's still the most reliable form of content 
delivery for broadcasters, and it remains both cost-effective 
and available. 

Protecting your C-band transmission is and must be 
your prime concern. If you have any doubts or concerns 
about the process of mitigating 5G interference at your 
site, please reach out to our qualified team at LinkUp 
Communications. We'll be happy to answer any questions 
you may have, or handle the process for you. 
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Keep 
transmission 
lines high 
and dry 
Air-dielectric lines require proper 
dry-air pressure to operate safely 

very AM, FM or TV transmitter must be E connected to an antenna via some type of 
cable, normally a coax line. Some lines are 
constructed with a type of foam between the 
inner conductor and the outer conductor, while 
others are hollow. 

If your system has the hollow type of transmission line, 
it is imperative that some type of gas pressure be inside 
the line. Transmission lines can be vulnerable to corrosion 
if they are exposed to oxygen and moisture, the two main 
components that cause a corrosive reaction. 

Properly pressurizing coaxial cables will keep moisture 
out and therefore prevents arcs inside the cable and it 
improves the power-handling capacity of the coax by 

Below 
A properly sized 

dehydrator 
will keep your 
lines dry and 

pressurized. Some, 
like this model 
from Kintronic 
Labs, have web 

interfaces to allow 
monitoring of 

pressures. 

X / Engineers 
often ask 

" which is more 
effective, nitrogen or 
using a dehydrator. 
The answer is, ‘It 
depends.' 55 

increasing the breakdown voltage between the inner 
conductor and the shield. 

Engineers often ask which is more effective, nitrogen or 
using a dehydrator. The answer is, "It depends." 

If you will be operating the transmission line at or 
near the power rating of the line, nitrogen will give more 
protection from arc over. For lower power levels, either 
will work. 

To keep moisture out, the transmission line must be kept 
at a positive pressure relative to the outside pressure. The 
pressure required is minimal indeed; maintaining excessive 

pressure can damage the line and 
waste energy. 

When it comes to dehydrators, 
proper sizing is everything. If 
undersized, the unit must run longer 
in order to maintain pressure, 
increasing wear on the compressor 
and driving maintenance costs higher. 
An oversized dehydrator, however, 
creates pressure surges in the line. 
This causes the unit to constantly cycle 
on and off, again resulting in increased 
compressor wear and higher 
maintenance costs. 
The most important takeaway point 

is to have a method to monitor the 
pressure in the line and an alarm 
system to notify engineering of a 
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sudden loss of pressure on the line. This could be caused 
by failure of the dehydrator or empty nitrogen supply. 
It could also indicate a pending failure in the line itself 
caused by a major gas leak created by lightning or even a 
bullet hole. 

When installing a new line, it is advisable first to pull a 
vacuum on the line. This will remove all the moisture from 
the line. Then fill the line with nitrogen or dry air from a 
dehydrator. Do not use a standard air compressor for this 
purpose, since it will fill the line with normal air, which is full 
of moisture. 

This type of failure will be extremely costly and time¬ 
consuming. Don't neglect this important part of your 
transmission system! 

Left 
It doesn't take 
much pressure; 
3 or 4 psi is more 
than adequate 
to keep moisture 
out of the line and 
antenna. 
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