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President’s Message
Ralph Hogan, BTS President
As the pandemic continues worldwide
and more of the population is getting vaccinated, face-to-face meetings are slowly starting up again. It has been a rough two years for
meetings and conferences. The new normal
may be hybrid events for the foreseeable future, and some events may stay virtual as others return to in-person gatherings.
I was fortunate to attend the first faceto-face ATSC membership and general meeting in 18 months in
Washington, D.C. held Aug. 25-26, 2021. Safety protocols were
in place, and everyone wore a mask. The event had a surprisingly
large turnout for this meeting. The number of NexGen TV facilities continues to grow in the United States as we go into 2022.
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The U.S. October NAB Show was canceled for October
due to safety concerns and has been rescheduled for April
2022 in Las Vegas. BTS leadership watched world conditions
for our participation in the NAB Show as an exhibitor and
presenter during the Broadcast Engineering and Information
Technology (BEIT) conference. The decision not to participate for safety reasons happened just days before NAB announced the cancellation of the event.
The IBC show, initially scheduled for September this year,
was rescheduled to December due to the pandemic, as the
Netherland government relaxed its pandemic protocol for
visitors to come to the Netherlands. However, shortly before the IBC event, the Netherlands tightened up entry into
the country again because of increased coronavirus cases. A
couple of weeks before IBC was scheduled to open in late
November, the IBC board met and canceled the 2021 event
due to safety reasons.
We look forward to IBC returning in 2022.
As reported previously, Broadcast Technology is undergoing a five-year society review by IEEE Technical Activities. BTS received comments from the SCRC and filed
reply comments to the Society Review Committee report
with the SCRC committee of TAB on Oct. 8, 2021. Since
the last review, our most significant error was not having
timely updates to the BTS Constitution and By-laws. Since
last May, an ad hoc committee chaired by Samina Husain
has been working on revising our governance documents,
Constitution and By-laws, to bring them into compliance
with the TAB Operations manual and IEEE governance.
They have gone through a couple of revisions and approval
of the AdCom, and then were submitted to TAB governance for review and comment. We received several minor comments for changes that had to be again approved
by the AdCom. The vice president of TAB approved our
final document language on Nov. 2, and it is now published
on the BTS website and distributed to the membership via
the BTS newsletter.
Amanda Temple, Broadcast Technology Society Operations manager, resigned from her BTS position on Nov.
1, 2021. Amanda worked for IEEE for 22+ years, and BTS
for nine years; during that time, she provided guidance and
knowledge to numerous volunteers and leaders working in
support of BTS. Anyone who worked with Amanda knows
that she was quick to answer questions and find answers
to difficult situations. BTS leadership will miss Amanda’s
knowledge of the internal workings of IEEE. Amanda has
accepted a position with IEEE Industry Standards and Technology Organization (ISTO), and her title will be senior alliance program membership manager. This position will allow
continued on page 12
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From The Editor
Still Waiting For Those Lights To Go Back On
By James E. O’Neal, Editor-in-Chief,
BTS Life Member
As I write this in mid-October, it’s difficult to believe that our world has been
upended by the pandemic for nearly two
years. As I recall, some early reports of
infections began to appear in December
of 2019, with most of us dismissing them
as a minor event that was occurring “in
someone else’s back yard.” However, with
the arrival of the new year that began to
change. My last travel to an industry event was in February of
2020, and not long after that “the bottom dropped out,” with
cancellations of conferences, trade shows and similar events
becoming the norm rather than the exception. I was quite
upbeat early this past summer as new Coronavirus cases and
fatalities began to fall, thinking that we had turned the corner
and surely these industry events would be resuming in the
fall. I was especially looking forward to attending the NAB
Show that this year was pushed to October, but that didn’t
happen, and similar industry events have had to once again go
virtual or try for a limited attendance hybrid approach, or, in
some cases, be cancelled altogether.
Hopefully, with vaccines now readily available (my wife and
I were able to get our third of “booster” dose of the Pfizer
vaccine a couple of months ago without an appointment just
by asking at the pharmacy department in a supermarket), we
can soon achieve the “herd immunity” that has been touted early on in the pandemic and we can once again resume
where we left off in terms of in-person events.
A Farewell To One Of Our Own
I imagine that by now all of our membership has received
word of the departure of one of our Society’s administrative
personnel, Amanda Temple. Just in case you didn’t hear, she
is leaving the BTS for another position within the IEEE organization. Without Amanda’s assistance and intervention during the past several years, our organization would not have
functioned nearly as smoothly as it has. She will be missed,
but we wish her well in her new endeavor.
‘To Serve The Public Interest, Convenience,
And Necessity,’ Huh?
On several occasions I have used this space to praise the
operations of a number of radio stations that, in my opinion,
were exemplary and deserved mention. This time, I have a different, and rather shameful, experience to report.
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I listen to the radio a lot both at home and while traveling cross-country by car. While the pandemic has greatly
limited my long-distance jaunts, I did have to travel to a
home I own in Arkansas during October to oversee the installation of a new roof. My experience with such projects
is that even with the best planning they tend to run longer
than promised or expected (this one certainly did), and
thought it best to travel by personal vehicle than to try to
arrange air travel with an uncertain return date. The travel
distance involved is close to 1,200 miles (1,900 km) and
requires the crossing of three states. The early morning
weather on my departure date was not exactly ideal—light
rain and some fog early in the trip, but conditions improved
as the day wore on. I made an enroute stop about 70 miles
(112 km) before the planned end of my first day of travel to
meet briefly with an amateur radio friend near his home in
eastern Tennessee.
After we parted ways, I once again took to the Interstate
highway, looking forward to reaching my hotel room and
a good night’s rest after being on the road for 10 hours or
so. Traffic wasn’t bad, and I figured on arriving at the hotel in
about an hour. However, it wasn’t long before what had been
fair weather I’d been experiencing for the last several hours
abruptly changed. The sky was getting darker by the minute and
my minivan began to be buffeted by some very strong winds.
Pretty soon, I was hit with a deluge of rain so heavy that it
became difficult to see traffic in front of me, and I made the decision to take the next exit off the controlled-access road and
wait out the sudden storm there. It was just about at this time
that my cell phone came to life with verbal emergency weather
messages. This warning that a tornado had been sighted in the
area in which I was located and that those in the area should
immediately take cover. By that time, I was off the highway and
had parked my vehicle in the large (and mostly empty) parking
lot of a restaurant some distance from the main road, as there
were really no other options available. I watched as things went
from bad to worse, with the sky turning to a premature nighttime black and trees bending over from the force of the wind.
Less than a minute after I’d stopped, my phone rang again. This
time it was my ham radio friend calling from his home some 30
or so miles away. He wanted to alert me to the fact that the
EAS system had been activated and the local television stations
were broadcasting radar information that put the center of the
storm about where he thought I might be located. I reported
that I was very much aware of the conditions and was waiting
out the situation as best as I could.
It then occurred to me to switch on the minivan’s radio to get information about the storm’s track from local
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broadcasters. I began scanning the FM band and found it full
of stations broadcasting their usual programming of music,
sports talk and political commentary. I listened for several
minutes, continuously scanning the band from one end to the
other. Not a single station broke into their program streams
to provide emergency alerting!
As a member of the broadcast community, I find this sort
of “lights-out automation” shameful in the extreme, especially in light of the severe weather that played havoc in another
part of that state back in August, resulting in both extensive
property damage and some 20 deaths. (Although the storm I
witnessed did result in flooding and property damage, fortunately, no lives were lost.)
In my opinion, the operators of stations “serving” that
particular area of Tennessee don’t really deserve licenses
to broadcast. (I will admit that such shameful operation has
been aided and abetted by the FCC when it dropped the
requirement to maintain a presence in the community of license and other such “deregulation,” but the situation I experienced was really “over the top,” considering the potential
for endangering the public safety.)
The good news was that the high winds eventually abated
a bit and I was able to resume my
journey, ultimately reaching my
place of lodging for the night with
no damage to me or my vehicle.
The U.S. Communications
Act of 1934 established the requirement for broadcast licensees
to operate in the “public interest,
convenience and necessity.” Apparently, radio station licensees
are now free to ignore these precepts. It’s rather sad that I had to
get my emergency alert via messages from my cell phone and a call
from a friend who was receiving
broadcasts from TV stations that
did still express concern for the
welfare of their audiences. Such
actions (or rather inactions) by
radio station operators are yet another reason for listeners to move
away from terrestrial broadcasting and rely more and more on
their cell phones for accessing
content (entertainment and emergency information).
‘Next-Gen TV’ Continues
To Move Forward
On a more positive note, as
we near the end of the old year,
the ATSC 3.0 television standard
continues to move forward, with
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signals being available in more and more U.S. markets. I’m
very optimistic that 2022 will go down in the history books
as the year that NextGen TV truly arrived. If all goes as
planned, there should be 50 or more markets with ATSC
3,0 broadcasts available. I’m very much looking forward to
purchasing a new set with 3.0 capability very soon and enjoying this big advance in content delivery as broadcasters in my
home market begin to transmit their programming in this
new standard.

Some Acknowledgements
As you’re certainly aware, a great deal of the content
published in Broadcast Technology is contributed voluntarily both regularly and occasionally by a number of individuals who are part of the broadcast engineering community.
We want to acknowledge all of our “regular” contributors
who provide the featured columns covering many aspects
of the global broadcasting, and would especially like to acknowledge volunteer contributions from others. Readers
will especially note that after being absent in our last issue
of BT, Doug Lung is back with his popular “RF Report”
column. As mentioned then, Doug has been recovering
from some fairly serious medical
issues, but is making a good recovery. Thanks again Doug, for
taking time out from your other
activities and involvements to
put this feature on RF propagation study software together
for our readers. This issue also
features a “white paper” on
security considerations in the
transport of content provided
by Cobalt Digital’s Ciro A. Noronha , a report on the BTS July
Pulse from BTS member Paul
Shulins, as well as a “learning experience” from retired engineer
and BTS member John Tollefson
that allows us to continue with
our very popular “Downward
Path To Broadcast Engineering” feature. Acknowledgment
is also due BTS Distinguished
Lecturer J. Patrick (“Pat”) Waddell for providing an interesting
look at audio measurements and
what some others have missed
in determining what’s “loud”
In explaining the need for regulation of broadcasters
and what isn’t. I also want to
and others involved in communications, the very first
extend a special thanks to Scott
sentence of the FCC’s “Communication Act of 1934”
Fybush for supplying the picture
document spells out public safety requirements with
of the RCA transmitter used
these words; “…for the purpose of promoting safety
of life and property through the use of wire and radio
communication…”

continued on page 45
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Downsizing C-Band Satellite
Spectrum
Broadcasters share their perspectives
on the C-Band repack

KANSAS CITY, KANSAS
In February 2020, the Federal Communications Commission by a three-to-two vote authorized 280 MHz of the
existing 500 MHz C-band spectrum used for satellite downlinking purposes (from 3.7 to 3.98 GHz) to be cleared and
auctioned for use by wireless carriers deploying 5G service.
A year later, the Commission announced the results
of that auction (Auction 107 was the designation for that
C-band auction.) The sale of this spectrum generated
more than $81 billion in winning bids, which goes to the
U.S. Treasury Department. The winning bidders were Verizon
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(Cellco Partnership), AT&T, T-Mobile and some others
that have been planning 5G wireless buildouts.
The FCCs ordered C-band earth stations being used
by TV broadcasters and others in the lower 100 MHz of
the cleared band to repack operations in what remains of
the C-band by Dec. 5 2021. The remainder of the affected
earth stations must be cleared from operations in the auction portion of the band by Dec. 5, 2023.
In setting up the ground rules for this spectrum reallocation endeavor, the Commission established two
mechanisms to reimburse C-band repacking expenses.
One of these involved a lump sum payment, which places
the burden of acquiring the necessary equipment, making
antenna modifications and repointing of antennas on the
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broadcasters themselves, or contracting this work out to a
third party. The other option charged the satellite carriers
with the costs, which would be reimbursed.
From the information available so far, the effects of clearing a portion of C-band satellite spectrum used by TV broadcasters appears at this stage of the project to be tied directly
to the size of the broadcaster and its scope of operations.
As might be expected, the more C-band antennas, feed
horns, filters and systems involved, the greater is the challenge. Broadcast Technology wishes to present here the
thoughts of a sampling of broadcasters representing each of
three categories of operations—small, medium and large.
Their perspectives and experiences revolve in good measure
around the complexity of the task at hand, which, of course,
depends on the number of TV stations they operate and, by
extension, the number of C-band downlinks that must be updated or replaced.
The three broadcasters interviewed for this article were
Pete Sockett, director of engineering and operations for Capitol Broadcasting Company (CBC), which owns four TV stations, including WRAL-TV serving Raleigh-Durham, North
Carolina; Jim DeChant, vice president of technical operations
at News-Press & Gazette Broadcasting, which owns and operates 45 TV network affiliates; and David Burke, senior vice
president and chief technology officer of Gray Television with
161 TV stations in 101 markets. These individuals are all tasked
with guiding their respective broadcast operations as 280 MHz
of the satellite band widely used for content distribution is
cleared for 5G use by the FCC’s end of 2023 deadline.
(USSI Global, which has been contracted by several large
station groups to modernize their C-band infrastructure,
was invited to participate in this article but declined.)
The following are edited transcripts of the interviews with these
individuals:
Capitol Broadcasting Company (CBC)
Broadcast Technology: How would you characterize
CBC’s experience with the C-band repack?
Pete Sockett: Apart from the process of figuring it all
out, which took some energy, it’s been all right. We did discover we had one license that was not on their [the FCC’s]
list, so we had to fix that, and that’s still pending. But it’s not
denied.
But the other licenses that we had put in for were on the list
that came out this week. So, you know the next step is figuring
out this process to actually get the reimbursement. But once
we jump through all of the hoops, it seems like we will be fine.
Broadcast Technology: Which reimbursement approach
did CBC select?
PS: The lump sum.
Broadcast Technology: Why did you select the lump sum?
PS: When you look at the fact that we are doing the labor,
it made perfect sense.
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Broadcast Technology: Did you
require the services of an RF consultant?
PS: No, this is simple stuff—
easy. This is filters and feedhorns.
We’ve been doing this type of thing
for as long as I’ve been in television.
Broadcast Technology: Are
you confident that the new filters and
changing out the feed horns will insuPete Sockett
late you from harmful interference?
P.S: The math says so. You’ve got to believe the science.
You put a filter in. If it has the right shoulders and passband,
it should work.
I guess unless you have some feedhorn blaring straight
down on your receive horn [and] just completely overwhelming it [interference could occur]. That could happen.
But most of our dishes are not in any known [interference]
patterns. Half of them are at the transmitter site where they
sit pretty isolated anyway.
Broadcast Technology: You must be confident in your engineering staff.
PS: I have a solid engineering department. Those don’t
exist like they used to. I’ve got nine really good guys, and we’ll
be doing the stations. We know what we are doing, and it’s a
small amount of work with a bunch of good guys.
Broadcast Technology: How will the work that must be
done actually play out?
PS: One day, we’ll rent one of those big telescoping baskets. We’ll roll out to the transmitter site, and on a nice, cool
fall day we’ll just plow through the feedhorns. Then we’ll barbeque something.
News-Press & Gazette Broadcasting
Broadcast Technology: How big of a challenge is the
C-band repack for your organization? How many antennas will
require modification?
Jim DeChant: Roughly 70.
Broadcast Technology: What reimbursement model did
you choose?
JD: We’re going with the contractors. We’ve got some
really old antennas that are pretty large and in coastal regions
or areas where the local building codes are such that we
were concerned the lump sum wouldn’t cover our expenses.
It’s just too unpredictable.
Broadcast Technology: So, to what extent is the station
group involved in selecting who will actually do the work?
JD: We don’t really have any say-so. They call us and say,
“We’re going to do it.” We haven’t had an objection.
I think the biggest challenge we have right now is there were
changes in modulation scheme that resulted in some of our
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older IRDs [used] for syndication and some of the network
feeds to change.
While the networks recouped their losses for the primary
locations, we also have a control center, and they haven’t
offered to pay for those. We’re trying to get the vendor to
replace those IRDs that were kind of displaced.
Now the networks don’t necessarily say it was all due to the
repack, but obviously the band plan and satellites they’re choosing are ones you would choose if you’re being repacked. So, it’s
a grey line.
The IRDs in question are legacy. They just can’t do the
new band plan. Some of them on some of the “dot” channels [digital OTA subchannels] switch from satellite to Zixi,
which then required us to have more incoming bandwidth.
So, we’ve had to do bandwidth upgrades as well, which is not
currently compensated as far as I understand.
Broadcast Technology: Do you
think this repack will position you, and
broadcasters in general, for the near
term and then by the time a new refresh is required, content will be distributed via IP to stations to serve their
audiences?
JD: No. The IP delivery systems
are not dependable enough at this
point even in markets where there’s
Jim DeChant
high levels of fiber delivery. The
problem isn’t so much that a circuit gets dug up like it used
to be with the old backhoe, but distributors that move that
data don’t always coordinate maintenance periods correctly.
So, we end up being up and down on a series of routers
across the country. You can get taken out by a router in Chicago if you’re in Bend, Oregon.
The backup path may be that light, but you are always going
to need one—probably both [primary and backup]—to be truly
dependable. That may go to a purely IP microwave or satellite. In
other words, it would be packetized data delivery of all types. But
you certainly wouldn’t want to have a single line to your building.
Broadcast Technology: So, getting back to the C-band repack, how would you compare it to your experience with the TV
spectrum repack?
JD: It’s been a little less complex just because there’s fewer moving parts. You know, we haven’t run into a situation
where we couldn’t get a city permit or some other authorization to replace a satellite antenna, yet. If that occurs, that will
bring us up to the same level of the intricacies of [replacing]
television transmitters [as part of the TV repack].
We had a lot of those in a lot of different terrain. Between
low-power and full-power [stations], we had at least 50 facilities we did over, which is a heavy load for a small company.
Broadcast Technology: Do you anticipate any interference
issues?
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JD: No. On paper it looks good. You know, as much
as you can model and predict, it looks good. But there is
one thing. We lose a lot of efficiency when we have to put
those heavy bandpass filters in. So, you are losing about 3
dB on a satellite antenna, [and] that’s really created a lot
of issues with having to put in larger antennas and making
space for them.
You’re on the fringe. If you lose 3 dB, you’re really having
to go to a larger antenna and all that is involved with that.
That’s probably been the biggest initial concern. If I go from
a 3.7 [meter] to 4.5 [meter antenna], or a 5 [meter antenna]
to a 7 [meter], it can be difficult.
We’re ultimately going to make sure the signal is equal to
what we had before [the repack], in terms of resilience, but
it’s up to them [the contractors hired to do the job] to get
there. I’m not necessarily going to tell them how to do it. I
may tell them where it can and can’t go, and if that’s a roofmount antenna, loading comes into it because our buildings
weren’t necessarily designed for a bigger load.
Gray Television
Broadcast Technology: How many antennas at Gray Television are affected by the C-band repack?
David Burke: About 680.
Broadcast Technology: What
payment option did Gray take?
DB: Lump sum.
Broadcast Technology: What
was the thinking behind that decision?
DB: When we did the math and
the number of antennas and sites
and reimbursement, we think we
can break even, conservatively, and
David Burke
yet at the end of the day, we manage
the process, we peak our dishes. We are going to document
everything [licenses, antenna locations, etc.]
Most [of our] stations have it documented, but we are going to confirm that. We are going to replace the LNBs [LowNoise Block downconverters] anyway. We are even going
to take the time to look at our Ku while we’re at it. So, we
end up—even if we break even—with a well-documented,
peaked, good satellite infrastructure.
We believe we will be able to do things on site that—had
we let the satellite providers do it—would not have been
within their scope. We think we’re going to feel pretty good
about the end result at the end of the day.
Broadcast Technology: Are Gray engineers doing this work,
or are you relying on outside contractors?
DB: We are outsourcing it. We are not doing it in
house. We found a vendor that will visit each of the sites in
a managed, scheduled approach, which will be much more
efficient.
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As you might imagine, you have varying levels of expertise
and time and resources at each of the TV stations. So, we feel
pretty confident and comfortable that we’re going to be able
to meet the deadlines and get the work done.
Broadcast Technology: With nearly 700 affected antennas, I would imagine documenting what you have and what must
be done is quite an undertaking.
DB: There have been some extensive surveys done. Not only
did the FCC do it for documentation and reimbursement purposes, but we did it as well. On top of that, we feel like we have
a good grasp of what’s out there, which led to creating a fairly
extensive spreadsheet of what will be needed at each station.
At the end of the day, when we did all of the math, we felt like
we would at a minimum break even and end up with a fairly welldocumented, clean satellite receiver infrastructure. As you know,
everybody is moving to IP, so we are kind of thinking that this is
the last time we have to test the dishes for a long, long time.
Broadcast Technology: How would you compare the
C-band repack to the TV spectrum repack?
DB: I would say obviously there’s the clearance of the
spectrum, but we weren’t involved in the process like we
were in the [TV] spectrum auction where you went in and
you had to stay in the rounds and bid. There was a lot more
risk, I think, in the spectrum auction, because you could mess
up your bid and be out of the auction.
I don’t know if I could compare it. At the end of the day,
they end up with the spectrum.
By the way, maybe there were 10 reasons why we picked
a lump sum reimbursement option. And one of them is the
documentation of the expenses. We don’t have that now.
[The repack required] very intensive paperwork and rightfully so from the FCC perspective. They did it the right way.

Broadcast Technology: What about harmful interference?
Are you confident you will be okay?
DB: My experience is that the FCC really does a pretty
good job of thinking things through. I’m not that concerned
about that, and you know, if there is, you go buy a filter and
stick it on your dish. It’s not the end of the world.
We just did [our] Birmingham, Alabama [facility]. That was
one of our nine of the top 46 PPAs (PAL Protection Areas),
and went through the process of what we were going to do and
how it was going to work and actually installed the filters there.
These filters literally just notch out the allowed frequency.
Broadcast Technology: Are you confident about hitting the
deadlines for the C-band repack?
DB: I think everybody’s got plenty of time to address this.
I think the industry as a whole is in lockstep. So, I don’t have
a lot of concern here other than we’ve got to go visit 80-plus
markets over the next year and a half. But I think we have a
plan to do that. So, I feel fairly comfortable in this process.
Fade To Black
With the deadline for completion of the first phase of the
C-band repack only weeks away at the time of the writing of
this article, U.S. TV broadcasters appear confident they will
not experience harmful interference in the repacked C-band,
and if they do, there will be relatively fast and simple fixes.
Nor at this early stage, do they seem overly concerned
that the loss of 300 MHz will create insurmountable problems for them. However, it will be more than two years before broadcasters can look in their rearview mirror at the
C-band repack and make a true assessment of their experience with the C-band repack. Between now and then, there
are many miles cover and most assuredly at least a few bumps
in the road to overcome.

Doug Lung

Broadcast Technology: One of the big challenges of the
repack was the limited number of tower crews. Is there a similar
concern here?
DB: That’s a very insightful question. I think it kind of
hinges a little bit on how much do people outsource [and]

just let the satellite providers handle it. Let’s say they’re doing
90 percent of them, then they’ve got to find a lot of contractors to do that work for them. If the broadcasters took the
burden themselves, they can find a local contractor. It just
seems like there’s a little more flexibility.
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ATSC Launches
Convergence
Study Group
By Madeleine Noland and Jerry Whitaker,
Advanced Television Systems Committee
The Internet Protocol (IP) core of the ATSC 3.0 system
offers a wide range of benefits to broadcasters and consumers, not the least of which is interoperability with a huge universe of technologies and applications. This capability opens
the door for convergence where different standards and technologies intersect or overlap. The concept of ATSC 3.0 as a
“platform” is powerful and accurately describes the capabilities
of the system. The standard can evolve and change over time
as technologies advance and business opportunities emerge.
Evolution of ATSC 3.0 is already built into the system.
It is evident that broadcasting exists within a highly complex, multi-industry ecosystem, and that 5G will likely play a
role going forward.

Couwrtesy BitPath

ATSC 3.0/5G Harmonization Effort
Efficient use of limited spectrum is achieved by utilizing all of
the available technologies to serve consumers. Toward this end,
ATSC has formed a new technical group, the TG3-11 Ad-Hoc
Group on ATSC 3.0 / 5G Harmonization, to study potential interoperability points where both systems can be utilized to en-

hance services to meet varied business goals. The new group
is being led by Anders Askerup of Hewlett Packard Enterprise.
Spectrum is a precious and limited resource. As such, it is important to explore new ways to optimize the efficiency of use.
With data demands growing steadily year-over-year, the pressure is on to use spectrum as wisely and efficiently as possible.
Choosing the best data delivery network for a given use case at
a given time is one way of optimizing this limited resource.
Many usage scenarios can be seen as sitting squarely in
the “sweet spot” for broadcast data delivery, e.g., when large
amounts of data need to reach many receiver units. The oneto-many nature inherent in broadcast networks can be the
most efficient solution in these cases. There is also the need
to easily select and use the best network for each given scenario. Technical solutions are required to allow data to seamlessly flow across heterogeneous networks.
TG3-11 has been tasked by its parent group, Technology
Group 3, to study and document technical options for convergence between ATSC 3.0 and 5G in light of existing specifications
developed in 3GPP for 5G. There are a number of noteworthy
projects underway around the world that are studying this topic,
including the Humber College B2C Lab near Toronto, which will
explore “both television and non-television applications including converged, hybrid 3.0/5G architectures”, and SKT’s recent

Figure 1. Concept of a Broadcast Core Network.
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demonstration of “next-generation 5G-ATSC3.0 convergence
broadcasting service” on Jeju Island in South Korea.
TG3-11 will provide a forum for ATSC members to explore
possible designs for heterogeneous network architectures
even as development is underway in labs across the globe.
Advanced Networking Projects
In addition to potential harmonization opportunities with
5G services, the broad feature set of ATSC 3.0 offers the
possibility to leverage built-in technologies of the system to
support new use cases and business opportunities.
After considerable study within ATSC Planning Team 8
(PT-8), “Core Network Technologies for Broadcast,” ATSC
launched a project to specify a Broadcast Core Network
(BCN) that is agnostic to the DTT system. BCN is being designed for stand-alone, broadcast-only operation and/or for
converged operation with other data delivery networks, e.g.,
5G. BCN will accommodate cases where an uplink is always
available, never available, or sometimes available.
Figure 1 illustrates the vision of a Broadcast Data Network in the United States, covering all significant markets,
with defined coverage and quality-of-service (QoS) according to wireless industry norms. This system has an evolvable
virtual network core, and uses the same protocols, APIs, devices, and device stacks, everywhere.
The BCN is being developed in TG3/S43, the Specialist Group on ATSC 3.0 Core Network. The Scope of the
group is to “develop and maintain Standards, Recommended
Practices, and other documents relating to broadcast core
network functions that enable current and future use cases
(e.g., datacasting) efficiently at scale across a collection of
broadcast facilities.” The group expects to issue a Request
for Proposals soon. Responses to the Request for Proposals
will fuel the development of a new ATSC Standard for Broadcast Core Network implementations. Parties interested in
this work are encouraged to contact ATSC at atsc@atsc.org.
In addition to the Broadcast Core Network, several other
promising technologies are being examined, including a unique
method of communications between and among broadcast
tower facilities. The ATSC IT-5, “Tower Network Implementation Team,” has embarked on a project to design an inter-tower
communications network (ITCN) that would enable both oneway and two-way communications among broadcast towers.
The goal of IT-5 is to design, implement, test, validate, and
demonstrate ITCN and in-band distribution link (IDL). IDL
is a one-way distribution system that will provide the program feed to single frequency network (SFN) towers in the
manner of a studio-to-transmitter Link (STL). The ITCN may
additionally distribute Broadcast Internet data. In-band fullduplex technology may be used on a portion of the broadcast spectrum to distribute TV programs and data, potentially unrelated to video content, where the transmission and
reception occur simultaneously on the same RF band. ITCN
is designed to link all broadcast towers to form a Tower
Communications Network (cluster) for control, monitoring,
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data communication, and localized datacast and broadcast
services. The systems developed may utilize Artificial Intelligence (AI) to monitor, configure, and direct process flow,
bandwidth requirements, and diversity schemes for ITCN
and IDL along with other available technologies to enhance
the overall capabilities and to allow for future growth. Channel sharing and bonding may be considered as well.
Get Involved
Work within ATSC is open to all groups with a direct and
material interest in the work. Membership information can
be found on the ATSC website https://www.atsc.org/members/
become-a-member. The benefits of membership are numerous, including:
• Involvement in developing and approving Standards and
Recommended Practices for the digital terrestrial
transmission industry.
• Involvement in Planning Teams exploring new
technologies and verticals that are emerging in the
broadcast industry.
• Develop and share information on the implementation of
ATSC Standards and Recommended Practices.
• Coordinate/harmonize with standards-setting bodies
around the world
All ATSC Standards and Recommended Practices can be
downloaded at no charge from the ATSC website https://
www.atsc.org/documents/.
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July 2021 IEEE BTS Pulse Event
Examines Cutting-Edge
Technologies/Industry Trends
Three-day tech con termed ‘most successful to date’
Radio SFNs, Hybrid Radio, And Remote
Control Advances
The latest in a series of the IEEE BTS Pulse events was
Day One of this event was chaired by Rich Redmond,
held July 13-15, 2021. This was the fourth in a continumanaging partner for Strativa Advisors, and a long-time
ing series of virtual programs designed to bring the latbroadcast industry leader. So much has changed recently
est cutting-edge technology to the broadcast engineering
in terms of delivery content options, and Rich assembled
community. In a time where face to face meetings are rare
five speakers to discuss the latest technology. Bert Goldand difficult to organize, this program has filled an imman, president of Goldman Engineering Management, was
portant void in keeping our broadcast engineering comthe first speaker, and presented a paper on next-generation
munity connected and updated with what is happening in
FM-boosted technology, focusing on real-world trials in sevour industry.
eral markets, and illustrating the benefits
As chair of this event, I was honored to
to broadcasters when boosters are used.
be able to put together a group of three
Goldman noted that this technology is
talented individuals, who in turn chaired
specifically applicable in areas with terrain
their own portions of the Pulse event.
challenges such as the San Francisco Bay
These chairs used their experience and
area, He said that SFN boosters can enindustry relationships to attract a numable the “shaded” portion of the populaber of top-notch presenters who providtion residing in such areas to be efficiently
ed up-to-date information on topics such
served.
as single frequency networks, NextGen
Next up was Nick Piggott, who is the
TV, codec technology, and radio content
project director for RadioDNS (domain
delivery. The event was well attended, and
name system). He provided a primer on
thanks to Margaux Toral, BTS promotions
Radio DNS, and spoke about how we are
and marketing manager, enough sponsors
able to combine traditional broadcast
were attracted to make this the most fiwith IP-based technologies to create hynancially successful Pulse program to date!
brid radio.
Our partnership with the Society Joel Welch, SMPTE’s director of
The third speaker, Philipp Schmid, is
of Motion Picture and Television En- education, once again served as
well known to many of us as a leader in
gineers (SMPTE), and specifically with master of ceremonies for the threeDigital FM radio technology. Working for
that organization’s director of educa- day July on-line Pulse event.
Nautel as their chief technology officer,
tion, Joel Welch, was a huge plus, as it
he has had decades of experience in digiafforded us a professional platform. Welch’s experience
tal radio, and was able to discuss how up to 18 high-quality
as a detail—oriented and friendly master of ceremonies
broadcast services can now be originated from a single FM
in running the technical program also helped to make the
transmitter. In this age of increased content and consumer
July even a success.
demand, such technology can be very useful.
By Paul Shulins
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I was up next, with a talk about the latest technology
available for protecting multiplexed TV and radio transmitter
sites from VSWR problems, and some of the not-so-oftendiscussed shortcomings of solid-state transmitters. Many remote control systems are installed today that do not take full
advantage of their capabilities, and I offered suggestions on
how to get the most out of your remote control investment.
To close out the first day of the July Pulse sessions, Alex
Perchevitch, president and chief technology officer at Jampro Antenna Products, provided information on the latest
in broadband antenna and combiner products, and how to
choose the right system for a specific implementation.
NextGen TV In The Spotlight
Day two was all about NextGen TV, or ATSC 3.0, and
was chaired by James Stenberg, who at the time of the Pulse
event, was serving as the principal RF Engineer for American
Tower Corp. Stenberg’s panel of presenters provided information on the new DTV standard’s implementation, field trial
findings, and the consumer hardware available for taking advantage of 3.0’s extensive feature set.
First on the program was Bret Jenkins, chief technology
officer for the Nexstar Media Group, who shared his group’s
experience in the practical aspects of the implementation of
NextGen TV in a number of the markets in which his broadcast organization has a presence.
Kerry Oslund, vice president of strategy and business development for the Scripps broadcast group, was next on the
program, and offered a look at the “Motown 3.0 Open Test
Track” trials recently conducted in Detroit, Michigan involving over-the-air reception of ATSC 3.0 with mobile receivers.
Next up was Eric Dausman, senior vice president of RF
Technology for the Signal Infrastructure Group. He provided
information on the new consumer devices that are now available, and how the feature sets and pricing of these devices
compare to those of existing digital TV receivers. Dausman
also discussed compatibility issues that may exist, and what’s
likely to become available in the area of NextGen TV consumer
products in the near future.
Stenberg closed out the day’s proceedings with a discussion among his panelists, and opened up the floor to questions from Pulse attendees. A high level of interest in the top-

ic of NextGen TV was apparent, with the panel discussion
and follow-up Q&A session running past the allotted time.
The final day of the July Pulse proceedings featured Mickael Raulet as session chair. (Raulet serves as chief technology officer at ATEME, a company that specializes in video
delivery and the video compression software that enables
it.) The session was titled “The Great Codec Debate,” with
four panelists discussing the advantages and pitfalls of various technologies used for coding in broadcasting today.
The first speaker was Andrey Norkin, lead research scientist at Netflix, who provided a look at the latest video
compression technology, with an emphasis on the AV1video
codec. Norkin also talked about future plans for the Alliance
for Open Media, a non-profit industry consortium involved
in the development of open, royalty-free technology.
Benjamin Bross, head of the video coding systems group
at the Fraunhofer Institute for Telecommunications, was
the second presenter, and discussed Versatile Video Coding
(VVC) the most recent international video coding standard.
He explained that it was jointly developed by the ITU-T and
ISO/IEC, and was finalized in July 2020.
Paul Higgs, vice president of video industry development
at Huawei, was the third presenter of the day, and discussed
the AVS3 “third-generation” video coding standard. The final
speaker for the day was Carter Eltzroth. His presentation focused on the licensing of various codecs, as well as VVC pooling. He also described the royalty-free licensing promoted for
AV1 and the long-standing commitment to pooling within AVS.
A panel session and roundtable discussion rounded out
the day’s events, with attendees invited to present their
questions to the various presenters.
All in all, the July Pulse event was a great three days of
top-notch presentations, excellent sponsorship, and a great
effort from dedicated session chairs. The BTS Pulse program
has grown tremendously during the past year, and we look
forward to putting together additional Pulse events in the
future to supplement the IEEE BTS Symposium.
Organizers of the event wish to thank its sponsors— Alive
Telecom, Ateme, Jampro/Alan Dick Antennas, the ATSC, ERI,
Xperi, HDMI, RFS, the Technical Services Group, Nautel, Dielectric, and the National Association of Broadcasters—without whose generous support it would not have been possible.

President’s Message
continued from page 2

Amanda to apply her knowledge and training from BTS to
the new job. Lucky for us and IEEE, she is just moving down
the street to another building. Amanda’s duties have been
temporally assigned to the two remaining BTS Staff members, Margaux Toral, Society Promotions & Marketing Pro-
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Securing Video Contribution
Over The Internet
By Ciro A. Noronha
Cobalt Digital
Introduction
Video transport over the Internet has been a reality for
many years. Advances in compression technology have greatly reduced the bit rate required for good quality video, and
infrastructure improvements have increased the available
bandwidth and reliability of the Internet. Broadcasters can
use the Internet as a viable video contribution alternative to
costly dedicated links.
Vendor-proprietary solutions to video contribution over
the Internet have existed for a number of years. In 2017, the
Video Services Forum (VSF) created the Reliable Internet
Stream Transport (RIST) Activity Group to create a common interoperable specification. Since then, the RIST AG has
produced three Technical Recommendations: Simple Profile1,
published in 2018 and updated in 2020, RIST Main Profile2 ,
published in 2020 and updated in 2021, and RIST Advanced
Profile3, published in 2021.
One of the issues related to video contribution over the
Internet is security. There are two aspects to security, namely content protection in flight, and authentication. This article
is an overview of the security aspects built into RIST Main
Profile, and extended into RIST Advanced Profile.
Content Security Aspects
When video content is transmitted over the Internet, it
leaves the broadcaster’s internal corporate network and traverses multiple hops over one or more ISPs to reach its final
destination. These hops are controlled by independent third
parties, which has the
following
security
implications:
• Content
Security: An
unauthorized party
could potentially
access the content
and copy it as it
flows through the
network, without
the broadcaster’s
knowledge.
• Authentication:
An unauthorized
party could
potentially
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Figure 1.

masquerade as either the content source or destination.
For example, the broadcaster may believe it is delivering
content to an affiliate, but in reality, the content is going to
the unauthorized party. Another example would be an
incoming feed, which the broadcaster believes is from a
reporter in the field, but in reality, is from an unauthorized
party.
RIST Main Profile has defined two independent security
levels that provide different solutions to these two issues:
• Pre-Shared Key (PSK): This mode of operation is
based on a pre-shared passphrase. All the link participants
have a priori knowledge of a passphrase, which is used to
encrypt the stream.
• Datagram Transport Layer Security (DTLS): This
mode of operation uses the datagram version of TLS,
which is used to secure web sites in the Internet. DTLS is
specified in RFC 63474. DTLS provides both encryption
and authentication.
From a conceptual standpoint, PSK is built around encryption, and knowledge of the correct passphrase is sufficient for authentication. Its main advantage is that it supports one-to-many operation, and its main disadvantage is
that, if the passphrase becomes compromised, it needs to
be changed on all participants (although RIST provides a
mechanism to do so on-the-fly). DTLS is built around authentication, and encryption is derived from that. Its main
advantages are that it is very easy to drop a compromised
node, and that it can provide encryption without authentication if so desired. Its main disadvantage is that it is strictly
one-to-one.
In both cases, content protection is provided by encryption. In
some locations in the
world, there are legal restrictions on the
maximum encryption
key length; therefore,
RIST supports both
AES128 and AES256
operation in both PSK
and DTLS modes.
RIST PSK
Operation
In RIST PSK mode,
the endpoints are
pre-configured with
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a secret passphrase. This passphrase is combined with a
32-bit Nonce to generate the actual encryption key, using
the PBKDF2 algorithm5 [5]. The Nonce is a random number
generated by the sender, and included in the packet header.
Since the receiver knows the passphrase as well, it can derive
the key from the Nonce using the same method. This process
is illustrated in Figure 1. The sender can rotate (change) the
key at any time by simply changing the Nonce. For security
purposes, this should be done periodically; using the same
key for an extended period of time gives more data for an attacker to try and break it. Due to the use of AES-CTR and a
32-bit IV, the key needs to be rotated at least once every 232
packets, but it should be rotated more often than this.
In PSK mode, knowledge of the passphrase is sufficient
for authentication. If the passphrase becomes compromised, RIST has a mechanism to switch to a new passphrase
(which needs to be also known apriori) without disturbing
the stream.
RIST DTLS Operation
The core technology used in DTLS is asymmetric encryption Asymmetric encryption uses two mathematically related
keys, a private key and a public key. Whatever is encrypted
with the public key (which does not need be kept confidential) can only be decrypted by the private key. The main issue with asymmetric encryption is that it is computationally
intense, so it is used to negotiate a symmetric encryption key
for the actual communication. This way, two endpoints can
establish a secure channel with no previous knowledge of
each other. This solves the content protection issue, but not
the authentication issue.
DTLS authentication is based on the concept of Key/
Certificate pairs. A Key must be kept secret. A Certificate
is derived from the Key and is public. A certificate allows
secure communication, but only with the device that holds

the corresponding key. A certificate may be signed by a third
party called a Certificate Authority (CA). This is a third party
that is trusted; if a device is prepared to trust the Certificate
Authority, that trust extends to the certificates signed by it.
The cer tif icate -based authentication process is illustrated in Figure 2. In this figure, Device B is deciding whether
or not it trusts Device A. The same process can happen
independently in the other direction. Device B has decided to
trust certificates signed by a certain CA, so it has a copy
of its CA Certificate, which was transferred to it through
some secure means. Device B then receives a certificate from
Device A. Unless that certificate matches the key stored in
Device A, communication cannot even start. Device B can
locally check the CA signature in the certificate coming from
Device A against the CA Certificate it has. It that signature
matches, and if Device B is prepared to trust the CA, then it
will agree to communicate with Device A.
Security is maintained since:
• Even though the certificate from Device A is public, an
unauthorized device cannot use it to establish
communication because it does not have the
corresponding key. Communication will not start.
• An unauthorized device may have a consistent certificate/
key pair, but it will not be able to use it to start
communication because the certificate is not signed by
the CA trusted by Device B.
It is possible that a device goes “rogue”—in other words,
it used to be authorized, but for whatever reason, it should
not be accepted anymore. With certificates, it is simple to
block a device using a field in the certificate called the Common Name—i.e., the name of the device. In a website, this is
continued on page 20

Figure 2.
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RF Report
Propagation Studies Revisited
By Doug Lung
For the next few columns, I’m going to
switch topics from the Raspberry Pi DVB/
ATSC test set back to propagation studies.
In previous columns I showed how to use
the SPLAT! software (https://www.qsl.net/
kd2bd/splat.html) for propagation studies
and how to use QGIS to plot the output
from the FCC’s TVStudy software (https://
www.fcc.gov/oet/tvstudy) in different forms
and extract population and other data from the TVStudy
output. Both programs use the Longley-Rice Irregular Terrain Model (ITM) propagation software originally developed
at NTIA by A. G. Longley and P. L. Rice in 1968 and improved
by others, notably George Hufford, with the latest revision,
ITM 1.2.2, released in 1985. Since then, the program and API
have been made available in different formats. See https://
www.its.bldrdoc.gov/research-topics/radio-propagation-software/
itm/itm.aspx for more on the ITM and the software available
from NTIA.
Overview Of Available Propagation
Models And Software
Because Longley-Rice/ITM was freely available, it became
the standard for propagation studies for many U.S. government agencies, including the FCC. A more recent propagation
model, TIREM (Terrain Integrated Rough Earth Model) was
developed and is widely used where more accurate results
are needed. TIREM is proprietary software and no opensource versions are available that I’m aware of. The software
is developed by Alion with details and purchase information
at https://www.alionscience.com/terrain-integrated-rough-earthmodel-tirem/. NTIA provides a good summary of TIREM improvements at https://www.its.bldrdoc.gov/media/66177/smithrowland.pdf. A Windows version of TIREM 5.5 is available
from Alion for a $3,500 initial cost plus an annual license fee
(after the first year).
There are other advanced propagation models available,
including the CRC-Predict model and associated CRC-COVLAB software from Communications Research Centre Canada. This paper—https://www.ic.gc.ca/eic/site/smt-gst.nsf/vwapj/
smse-005-11-bell-apndix3.pdf/$FILE/smse-005-11-bell-apndix3.
pdf—is a comparison of CRC-Predict with other propagation
models. There is also a slideshow available about CRC-COVLAB at https://www.slideshare.net/dcamire/crccovlab-coverageprediction-software-seminar-at-industry-canada. The CRC-Predict model is available in the Progira software (https://www.
progira.com/spectrum-planning-software/) available through
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Dielectric and Acrodyne Services. Like TIREM, CRC-Predict
and Progira are proprietary and not available as open source.
Moving to one of these proprietary solutions works well
for many users. There is support from the companies selling the software, the software is integrated with mapping
tools and some, like Progira, can do network analysis for
ATSC 3.0 single frequency networks and show coverage for
different modulation and coding in ATSC 3.0 and DVB-T2
transmissions.
In the past, I’ve purchased and used EDX software (my
first propagation software) and Radiosoft’s ComStudy software for coverage studies. At the time both only offered
the Longley-Rice ITM model in their basic package. I started using SPLAT! for more studies as its output was easily
adapted to detailed studies using Python and numpy, including single frequency network design as outlined in the IEEE
Transactions on Broadcasting article I wrote with Jim
Kutzner, which is available at https://ieeexplore.ieee.org/document/7395332. When the FCC released its Longley-Rice
based TVStudy software, I switched to it for a number of
reasons, a key one being that it directly imported data from
the FCC’s LMS database and provided interference analysis
accepted by the FCC for applications. One really nice feature of TVStudy was it provides shapefiles with data that
can be imported into the open source QGIS GIS software
(https://qgis.org/en/site/) as easy as dragging and dropping the
files into the layers menu. This feature allowed more detailed studies and maps, as shown in my earlier series in
Broadcast Technology on using TVStudy with QGIS. It
has largely replaced SPLAT! in my set of tools except for
point-to-point studies.
ITU P1812 Propagation Model
ITU standard P1812 is a propagation model developed by
ITU that aims to provide more accuracy than the LongleyRice/ITM software. It is frequently updated. The current
standard is P1812-6 is available from ITU at https://www.itu.int/
rec/R-REC-P.1812-6-202109-I/en. This version uses the following model elements in computing coverage:
• Line of sight;
• Diffraction (embracing smooth-Earth, irregular terrain
and sub-path cases);
• Tropospheric scatter;
• Anomalous propagation (ducting and layer reflection/
refraction);
• Location variability;
• Building entry losses (from Recommendation ITU-R P.2040).
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A web search did not reveal a comparison of results from
ITU P1812 and the ITS Longley-Rice models, but some maps
Merrill Weiss created for me several years ago using his
EDX software showed P1812 appeared to offer more accurate results and coverage maps closer to those provided
by TIREM, software that was then generally accepted as
one of the most accurate propagation models. I did find
an interesting comparison of software (apparently) using
Longley-Rice ITM 1.2.2 at https://fasma.org/comparision-ofradio-propogation-modeling/.
The P1812 model is available in many software packages, including Progira and EDX (which can provide almost
any model desired) but the cost of this software and ongoing fees was more than I could justify. While these and
other software packages offer easy to use mapping and
analysis features, I was used to doing my own mapping
and analysis using QGIS and Python so didn’t need those
added features.
Radioplanner 2.1 Software
I regularly search the web to see if any open-source propagation software using ITU P1812 is available. So far, all I’ve
found are Matlab programs used to validate the P1812 model
against measured data that aren’t easily modified for general
coverage studies. However, during a search this summer I
was pleased to find software that offered the P1812-4 model,
as well as Longley-Rice ITM 1.2.2 and the ITU P1546 model
for less than $1,000—Radioplanner 2—https://www.wirelessplanning.com/radioplanner. As of Oct. 23, 2021, the price was
only $649 for a single user unlimited license with no yearly
or monthly fees.
I took advantage of the free trial offer and downloaded a
copy. There was a bit of a learning curve to get up to speed
with it, although it probably would have helped if I spent more
time with the user manual before diving in. It has several features that make it attractive. It downloads terrain data as
needed for a study from multiple sources depending on location, including 1 arc-second data from USGS for U.S. studies
as well as land-use data from Open Street Map. See the user
manual (https://5cfa15bb-0912-4a2a-baca-61de706858bd.filesusr.com/ugd/478119_c9742c2ee98342d69547584fdf1a8022.
pdf?index=true) for a complete list of databases for other areas. As readers know, my preference is to use freely available
open-source software that runs in Linux. Radioplanner isn’t
free and requires Windows. However, after a few test studies, I felt it was worth the price and the hassle of Windows
to get the P1812 model and other features in Radioplanner
2.1. I run it in a Virtualbox Windows virtual machine (VM)
under Linux and have not had any problems with that. The
output here was done with 4 GB of RAM and 2 CPU threads
assigned to the VM. I’ve since cloned the VM to a laptop with
more memory (but an older processor) and given it 16 GB of
RAM. The configuration options allowed me to save the large
output files to a Linux folder available in the VM rather than
on the virtual disk.
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One of the features of Radioplanner is its ability to use
Open Street Map data for clutter studies. I did a study using WRC-TV’s signal on Channel 34 in Washington D.C.
Washington D.C. has terrain in the city and some areas
have pine trees that I’ve found reduce signal strength significantly. Figure 1 shows a zoomed-in plot of coverage in
Washington D.C. from WRC-TV using the P1812 propagation model and the Open Street Map clutter data. In a future article I’ll compare this to TVStudy output from the
Longley-Rice model using the USGS based clutter data
available in TVStudy.
Figure 1 was created using the kml output of Radioplanner. When plotting the results, there are settings to change
the resolution and size of the image. Unlike the Google Earth
kml maps I created with SPLAT using the Python simplekml
module, Radioplanner uses tiles to provide high resolution
images over a wide area that don’t require a large amount of
graphics memory to display.
Radioplanner allows defining multiple transmitters
for a study. I have not had time to test this feature
with an SFN design, but it should work well, especially
for ATSC 3.0 where the self-interference is much less
of a problem.
Radioplanner has a feature in its land-mobile study setup
where measured data can be compared with predicted data
and used to adjust clutter loss to create more accurate studies. This is not available for broadcast studies, but perhaps
it will be added in the future. The clutter loss for broadcast
studies can be manually adjusted and different clutter options
are available when running a broadcast study. See Figures 2
for the Propagation/Clutter menu and Figure 3 for the transmitter configuration menu.
The developer of Radioplanner is the Center of Telecommunications Technology LLC (CTT) located in Novosibirsk,
Russia (https://www.ctt-group.ru/). I’ve gotten excellent support from them. Oleg Sakharov has been extremely helpful.
When I downloaded the program this summer, I ran into a
few issues that greatly limited its usefulness. One of these
was the ability to output data to a GIS program like QGIS.
Oleg responded quickly and CTT modified the program to
offer both Mapinfo and csv output data at 1 km and 0.5 km
resolution that I could easily import into QGIS. After I tested
it, the upgrade was offered to all users.
A major issue for me was the program required Planet “.msi” antenna pattern files (http://radiomobile.pe1mew.
nl/?The_program:Definitions:MSI). These require azimuth and
elevation patterns with 360 points, each with one-degree
resolution. Finer resolutions were not supported, nor was
mechanical tilt, except for a very limited option in CTT’s Antenna Pattern Editor. I noticed that the Antenna Pattern Editor program could export EDX pattern files, and asked Oleg
if Radioplanner could be modified to use EDX formatted patterns. It took a few months, but CTT was able to implement
EDX patterns in Radioplanner. This allows studying antenna
patterns with the high gain antenna patterns common in the
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Figure 3.

Figure 2.

United States without missing peaks and nulls in side-lobes
and more accurately showing coverage with the common
fractional degree beam tilts like 0.75 and 1.5 degrees. This
is important for sites like Mt. Wilson in Los Angeles where
there is population close to the mountain and mechanical tilt
is useful in reducing power wasted over the Pacific Ocean.
To verify Radioplanner was correctly interpreting the
pattern files, Oleg provided a study (Figure 4) showing a
comparison between the output from Radioplanner and the
output from EDX using the same antenna pattern file and
parameters. I’ve been testing the pattern import feature with
a beta version of the software and have found no issues with
it so far. The new version with EDX pattern import capability
should be released before this article is published.
When designing the antenna for television station
KVEA, I used a combination of mechanical and electrical
beam tilt to shape the strong signal coverage over the ar-
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eas with the highest population density based on results
from TVStudy. Once Radioplanner added the EDX pattern
import, I was able to plot KVEA’s coverage. Figure 5 is a
plot in QGIS of Radioplanner’s csv output from a study of
the KVEA transmitter at Mount Wilson. The study uses
the P1812-4 propagation model with an antenna height of
4.3 meters and the clutter losses shown in Figure 2. Antenna azimuth and elevation patterns for KVEA are available in the KVEA construction permit application available
in the FCC’s LMS.
I’ve modified the Python program for FCC mechanical
tilt calculations I developed with Bob Andrews at NRJ TV
to use azimuth and elevation pattern csv files along with
the amount and azimuth of the mechanical tilt to generate
pattern files that will work with Radioplanner. The program uses the same procedures the FCC’s TVStudy uses
in calculating patterns with mechanical tilt. I need to do a
fair amount of work on the program to make it easier to
use and remove debugging code but if you’re interested in
giving it a try or improving it, email me for a copy of the
current version.
Dielectric includes an EDX export option in its DASP online antenna system planning software (https://dasp.dielectric.
com/), but you may have to edit the line after the azimuth
pattern and the “999” ending code that shows the number of
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Figure 4.

Figure 5.
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elevation plots and the number of elevation angles to reflect
the number of elevation angles per azimuth rather than the
total number of azimuth angles. For example, if the pattern
shows “2,462” then modify it to “2,231”. This appears to be
a bug in the DASP pattern export code. See https://help.edx.
com/help/directional-antenna-pattern-file for details on what
EDX software requires in a “.pat” file.
Coming Attractions
This summer and fall have been very busy and I’ve had less
time to work with Radioplanner than I wanted. In my next
column, I’ll provide more detail on how it works and ideally
have some comparisons between Radioplanner P1812 data,
TVStudy Longley-Rice data, and measured field strength data
now that I’m able to import high-resolution antenna patterns
with mechanical tilt into Radioplanner. If space and time allow,
I’ll also take a look at the open source SignalServer (https://
github.com/W9CR/Signal-Server) propagation software which is
based on SPLAT!, but with support for multicore processors
and resolution down to 2 meters using LIDAR ASCII grid data.

In my previous work with SPLAT! I found using the ASTER
terrain data provided more accurate results around buildings
and will be interested to see the results using the LIDAR data.
What Software Do You Use For Coverage Studies?
Not counting the FCC’s TVStudy, from what I hear, V-Soft
seems to be the leader for broadcast studies, followed by Progira primarily for ATSC 3.0 designs. EDX is used by consulting
firms that require studies with complex antenna patterns or
different propagation models and also for applications outside broadcasting. Other firms, such as Hammett and Edison,
which developed TVStudy for the FCC, have created their
own software using different models (like TIREM) for coverage. New cloud-based options are becoming available. Jason
Schreiber at Sixarms (the drone measurement people) said
they are now using cloud-based software from ADTI (https://
atdi.com/products-and-solutions/radio-network-planning/).
What Have I Missed?
Email me at dlung@transmitter.com.

Securing Video Contribution Over The Internet
continued from page 14

usually the address of the site, but it can be any text string.
Referring back to Figure 2, Device B will execute an additional step after it verifies that the certificate from Device A is
valid—it will check that the Common Name is not in a list of
blocked devices. If it is, Device B will refuse to communicate,
even though the certificate checks out.
Due to the nature of how certificates are generated, it is
not possible to take a valid certificate and modify the Common Name (or any of the other fields encoded in it, including
the validity date). Such an alteration will cause the certificate
to become invalid (it is protected by a hash).
A broadcaster using RIST in DTLS mode will typically establish its own private CA in a secure system, and use this CA to
generate certificates for each of the devices in their network.
The CA does not need to be involved in the communication
after that; the devices will check if the certificate is signed by
the CA and will reject any endpoint that does not present such
a certificate, making it impossible for an impostor to connect.
Conclusions
Video contribution over the Internet has been a reality for
many years, but securit y cannot be an afterthought—
it needs to be designed in from the beginning. Authentication
is as important as content protection, especially for contribution feeds that go directly to air. This functionality is built into
the RIST Specification from the Video Services Forum, allowing
broadcasters to have secure communication over the Internet
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without being locked into a vendor-proprietary solution. Moreover, the fact that RIST is built upon vetted pre-existing technologies provides additional peace of mind.
About The Author
Ciro Noronha, executive vice president of Engineering,
Cobalt Digital has been active in compressed video over IP since
1995, leading the development a number of commercial products. He holds a Ph.D. in electrical engineering from Stanford
University where he served as a consulting professor. Noronha
also holds six patents and has authored a number of papers.
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BMSB 2021 Explores Latest
Developments In 5G, NextGen TV,
Processing And More
Virtual event attracts global presenters and audience
By James E. O’Neal
For the second year in a row, the annual IEEE International
Symposium on Broadband Multimedia Systems and Broadcasting (BMSB) was held as a virtual event due to the continuing
Covid-19 pandemic. The conference had initially been planned
as a hybrid in-person/streamed event held in Chengdu, China;
however, pandemic-driven travel and other restrictions forced
the last-minute change. However, the change in plans didn’t
seem to dampen enthusiasm or curb attendance, with nearly
70 attendees logged in as the Aug. 4-6 event got under way at
8:30 a.m. China time (or 8:30 p.m. EDT in the United States).
The 2021 BMSB event marked the 16th anniversary of the
gathering of engineers, academics, broadcast and multimedia
industry leaders, students and others for the purpose of exchanging knowledge on new developments in the delivery of
content to consumers.
As the curtain went up, attendees were greeted by Ce
Zhu, ChangJiang Distinguished Professor at the University of
Electronic Science and Technology of China’s School of Information and Communication Engineering, and general chair of
this year’s BMSB conference.
“I’d like to start out by wishing you and your families the
best in these difficult times,” said Zhu. “I wish also to offer thanks to all of the persons who have helped to make
the conference possible. Many of the committee members
have been working hard during the past few days (due to the
switch to a virtual mode).”
He expressed his wishes for a memorable conference and
expressed thanks to authors of the presentations that would
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follow, and others, for all of their extra efforts to ensure the
success of the event.
The 2021 BMSB’s technical program committee co-chair,
Wenyi Wang from China’s University of Electronic Science
& Technology, followed Zhu, and began by noting the quick
change in tech con format plans.
“The conference switched from hybrid to fully on-line in
just one week,” said Wang, thanking those who had worked
diligently to make the change happen. In his remarks, he noted that the technical steering committee of year’s BMSB was
comprised of “90 experts from 19 countries,” and that the
conference would be offering six program tracks. He noted
too that a total of 149 conference papers and proposals had
been received, with 118 of these from authors in I 20 countries and regions being accepted for this year’s program.
“This is a 79 percent acceptance rate,” said Wang, adding
that papers on multimedia transmission made up the majority those selected for the program.
BTS president Ralph Hogan then joined in on the opening
ceremony, thanking all those who had helped to make this
year’s event possible and providing a preview of what would
be happening during the 2021 event.
“Be prepared for an interesting and informative next three
days,” said Hogan. “Hopefully we will all be able to meet faceto-face at BMSB 2022.”
First-Day Keynote Addresses
The first-day BMSB sessions led off with keynote addresses from Qingjun Zeng, deputy director general of
the China Broadcasting Network (CBN); Yue Zhang, an
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associate professor in the U.K.’s University of Leister School
of Engineering; and Madeleine Noland, president of the ATSC
standards organization.
In his address, Zeng discussed
recent 5G broadcasting developments in China, and began by observing the launch of a 700 MHz
network in that country with more
than 400,000 cellular base stations
that supported 5G multicast and
unicast functions.
He described methodology for
delivering television service to conQingjun Zeng
sumers that utilized both the more
than 400,000 cellular base stations and approximately 2,000
television transmitting towers in his country, with completion of the system expected in a fairly short time.
“This will be finished in one year,” said Zeng, observing
that Huawei, ZTE, Ericsson, DT Mobile, Nokia have all been
involved in the 5G broadcast trials.
“The results of the testing are very, very positive,” he said.
“If you have the SIM card you can have the unicast and multicast [services].”
Zeng noted that the advantages to using this hybrid 5G
network/OTA broadcast approach were many.
“The 5G MBS app allows viewing of live channel television
without data usage…[and] it supports emergency broadcasting services, and plays a better role in disaster prevention
through early warnings.” Zeng added that users of smart
phones who have the proper SIM card installed can take advantage of both unicast and multicast services.
“It uses the H.265 codec,” he remarked. “And the 5G
MBS (Multicast/Broadcast Services) app allows viewing of live
channels without data usage,” adding that the technology will
“enable new broadcast and television services.”
Radio Light Networks And Data Transmission
The second opening day event keynote presenter, Yue Zhang,
discussed the concept of bringing reinforcement learning into radio light networks in order to achieve massive interconnectivity
as part of the “6G BRAINS” consortium in which he’s involved.
(As background, the “6G BRAINS” initiative was established to try and overcome some of the current limitations
and other challenges exiting in communication networks as we
move beyond current network technologies, and is investigating the use of Terahertz (THz) and optical connectivity to accommodate very high data rates and amounts of information.)
In beginning his presentation Zhang described the motivation, use cases and enabling technologies for the project,
adding that a public/private partnership had been established
in connection with the initiative, as it’s seen as a way to meet
the challenges that arise with the ever-increasing demands
for wireless data movement.
He stated that the technology should enable a data rate
of between 10 and 100 gigabits-per-second with a latency of
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a tenth-of-a millisecond, and a jitter of 10 nanoseconds, and
that it has a project goal of being able to accommodate some
100 million individual user devices within a square kilometer.
Zhang described the initiative as
a “cell-free network,” and observed
that “new technologies will have to
be introduced to realize this system.”
He described some of the use
cases for this advanced communication technology, including offloading of PLC functions, in connection
with smart transportation vehicles,
advanced network slicing applicaYue Zhang
tion, tracking of animals in indoor
farming scenarios and more, including AI-driven multi-agent
deep reinforcement learning.
Zhang envisioned bandwidth requirements of more than
500 GHz, noting that spectrum slots might be found above
90 GHz, including possible availabilities in the W and D
bands. He observed that there were challenges in utilizing
such terahertz spectrum, including the lack of sufficiently
broadband signal sources and receivers, as well as in beamforming technologies. He noted that another requirement
for proper network modeling that is currently lacking are 3D
environmental models.
In describing the work already underway in the initiative,
Zhang said that he was working on channel modeling, and provided a description of this modeling process. He concluded by
stating that 14 partners were involved in the project and that
it would run along a three-year time line, beginning this year.
Convergence Of Global Television Systems
And Data Delivery
The third keynote address was given by ATSC president
Madeleine Noland, who spoke about the place of digital terrestrial television in a global economy and the convergence
opportunities available in connection with next-generation
broadcasting systems.
Noland began by offering an overview of the Advanced
Television Systems Committee, noting that it is standards
development organization for digital television, comprised
of some 150 global members from throughout the broadcast ecosystem She then shifted her remarks to convergence
among various digital transmission systems.
“To set the stage for this discussion, I would like to talk
about the World Radio Conference 2023, which is coming
up in just a couple of years,” said Noland, observing that
some past conferences had resulted in a loss of TV broadcast spectrum.
“Decisions in World Radio Conferences make a difference
in how the world uses spectrum,” she observed. “For example,
in World Radio Conference 2016 and 2019, the results were a
repack of broadcast spectrum in Region Two. Specifically, the
600 MHz bandwidth, more or less, was auctioned from the
television broadcasting system to the mobile operators. It’s
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quite possible that WRC 2023 may yield very similar results
in Region One or Region Three. It’s also possible that future
World Radio Conferences will result in additional changes
in spectrum allocation. So, broadcasters worldwide need to
work together to increase and demonstrate the economic
value and the global importance of broadcasting. A global approach to modernizing broadcasting technologies and capabilities might be needed.”
Noland noted that while there
were global data delivery standards
in place, television delivery standards were regionalized.
“Regional systems face meaningful challenges in the global landscape,” she said. “ATSC is very interested in opportunities to foster
convergence among these various
systems.”
Madeleine Noland
She observed that TV broadcasters were no longer just delivering pictures and that discussions were already underway in several nations for converging
broadcasting and delivery of data for various other purposes,
and that “we need to think about where are the opportunities for convergence in these new systems, perhaps on a
case-by-case and system-by-system basis.”
Noland discussed data transmission possibilities available
within the new ATSC 3.0 television standard, as well possibilities for convergence in terms of data delivery in other DTV
systems in different parts of the world, specifically in China,
Korea, and India. She observed ATSC 3.0 was developed with
for data transport in mind and this creates “a natural point
of convergence with other IP data networks,” and noted the
launch of the 3.0 TV project in Brazil.
“It may be that the Brazil TV 3.0 system is going to be
the first system that has truly converged technologies from
across the four major DTT systems and potentially feMBMS
as well,” she said.
Noland also spoke about the potential for convergence in
India, as there are more than one billion smartphones in use
and a unicast network approach is used for delivering linear
TV to phones.
“Providers are interested in offloading this traffic,” she
said, noting there was a “strong push” to apply direct broadcast technology in this situation.
Noland also discussed the Broadcast Core Network or
BCN, which she described as agnostic to a DTT system,
mentioning the utilization of U.S. television transmitters to
create a data network across wide regions of the country for
sending data packets to update on-board equipment in very
large numbers of vehicles.
She concluded by stating that: “Looking at convergence
among DTT technologies, ATSC members believe that
global DTT convergence is a valuable goal, and look to
respond to opportunities for convergence. We hope that
broadcasters worldwide will join us in seeing opportunities
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to work together and support one another from a technical
point of view.
“We hope that other broadcasters in the world will think
about how we can make this work, so that we can have a
strong platform going forward in the global broadcast ecosystem into the future.”
Recognition Of Accomplishments
A highlight of every IEEE International Symposium on
Broadband Multimedia Systems and Broadcasting is the recognition of outstanding achievements in the area of technical
papers publishing within the past year.
This year, as in 2020, the awards were presented virtually in a special ceremony, with top honors in the form
of the Scott Helt Award going to Peng Yu, Fanqin Zhou,
Xiang Zhang, Xuesong Qiu, Michel Kadoch, and Mohamed
Cheriet for their paper, “Deep Learning-Based Resource Allocation for 5G Broadband TV Service,” which was published
in the December 2020 issue of IEEE Transactions on
Broadcasting.
Other awards presented at the 2021 BMSB ceremony included the Best PHY Technology Paper Award, which was made to
Hoiyoon Jung, Sung-Ik Park, Bo-mi Lim, Haechan Kwon, Namho
Hur, Sungho Jeon, Hyeongseok Kim and Jeongchang Kim for
their paper “Impact of Cross-Polarization Discrimination for ATSC
3.0 MIMO System.” The Best PHY Technology Student Paper
Award was presented to Yiwei Zhang, Yihang Huang, Dazhi
He, Yin Xu and Wenjun Zhang for their paper “Using LDM-based
Layered Multicast to Enhance System Capacity.”
This year’s Best Non-PHY Technology Paper Award went
to Yang Liu, Jiawei Li, Bin Cao and Mugen Peng for their
work, “Authorization for Access in Fog Radio Access Networks,”
and the Best Non-PHY Technology Student Paper Award
was made to Kareem Ali, John Cosmas, Lina Shi, Xun Zhang
and Benjamin Meunier for their work, “Simulated Annealing
Optimisation for Optimising 5G Visible Light Communications Location Measurements.”
In the Best New Technology Paper category, this year’s award
went to Xiao Yan, Xiaoxue Rao, Qian Wang, Hsiao-Chun Wu and
Yiyan Wu for their work, “Novel Cooperative Automatic Modulation Classification by Credit-based Consensus Fusion,” and the Best
Student Paper Award in this category was presented to Ernesto Fontes Pupo, Claudia Carballo Gonzalez, Luigi Atzori and
Maurizio Murroni for their work “Thresholds of outperformance
among Broadcast/Multicast access techniques in 5G networks.”
Following the award ceremony, conference activities shifted to next year’s Symposium and the venue selected for it,
Bilbao, Spain. The University of the Basque Country’s Jon
Montalban Sanchez provided a video presentation that provided a look at the Bilbao region and the conference location
itself. (Dates for the 2022 event are June 15 through June
17. Please check the IEEE BMSB conference website, https://
bts.ieee.org/conferences-events/ieee-international-symposium-onbroadband-multimedia-systems-and-broadcasting.html, for additional details as they become available.)

www.ieee.org/bts

12/16/21 11:00 AM

24

IEEE Broadcast Technology
Society Awards Valentino Trainotti
with the Prestigious 2021
Jules Cohen Award
The IEEE Broadcast Technology
Society is delighted to announce that
the 2021 Jules Cohen Award is to be
presented to Valentino (Tino) Trainotti of Argentina.
The Jules Cohen Award is the Society’s premier award and recognizes major contributions to the industry, integrity and professionalism, and a record of
sharing expertise for the benefit of colleagues, and of the industry as a whole.
“He is a consultant for countries
around the world for designing AM
transmitter plants, that require high
powers for desert regions. He is the
most outstanding engineer in the area
of RF in matters of wave propagation
and low frequency antennas of the
South American region” said Prof. Dr.
Ing. Walter Gustavo Fano Director of
Laboratorio de Radiación Electromagnética Facultad de Ingeniería Universidad de Buenos Aires.
Tino’s career exemplifies these values. He has published
numerous technical papers (some of which are cited by 85
patents) and served for several years as an IEEE BTS Distinguished Lecturer. His publications have been abundant
in the IEEE, in the BTS, APS and EMCS Societies. Tino is
currently co-author and editor with Prof. Dr. Ing. Walter
Gustavo Fano of a book on "Electromagnetic Compatibility" for the University of Buenos Aires Editions (EUDEBA),
now in press. He is the author of the book's chapter titled: “Antenna Calibration for EMC”, in this new book, he
analyzes some questions concerning the attenuations site
parameter, because, he has a studied a better approach,
already published in his papers of IEEE, in order to improve
the measurement procedure, and probably will be very important for the IEEE Standards of EMC.
He is well-known as an expert who has solutions to colleagues’ problems. “In 1998, while I was working for CBC,
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I had problems with an AM station, in
Gander at 1400kHz. I could not make
sense of my calculations on tower phasing and currents. Being experienced in
Satcom more than LF, I seek Dr Trainotti
expertise, which explained to me exactly
what I was doing wrong and pointed me
to an issue with grounding radials” said
Guy Bouchard, Directeur Technique Réseau et Entretien, Télé-Québec.
“These values closely match those
of the late Jules Cohen and make this
award particularly appropriate” said Peter Symes, Awards Chair for the IEEE
Broadcast Technology Society. BTS is
honored to award Tino with the 2021
BTS Jules Cohen Award. Tino is a valued member and important contributor
to the mission of the society. Congratulations Tino on an amazing career!
Background
Valentín Trainotti received his Electronic Engineering
Degree from the Technological National University, Buenos Aires, Argentina in 1963. His post-graduate coursework on antenna measurements and geometric theory
of diffraction was completed at California State University in 1981 and Ohio State University in 1985. He has
worked from 1963 to present at CITEFA as the Antenna
& Propagation Division Chief Engineer. His work also includes being on the Engineering Faculty at the University
of Buenos Aires as a part-time Full Professor of Electromagnetic Radiation and Radiating Systems for graduate
students. He is an IEEE Fellow Member, the IEEE BTS
Argentina Chapter Chair, the URSI Commission B Argentina Chair, and the 1993 IEEE Region 9 Eminent Engineer. He has worked more than thirty years developing
and measuring antenna systems for several applications
from LF to SHF.
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The Downward Path To Broadcast
Engineering—No. 25
A little ingenuity and some assistance from a utility
company return a station to the air after a calamity
By John Tollefson

One Well-Done Transformer Is A Recipe
For A Silent Station
Other than the obvious damage to the plate transformer,
there was not any other visible problem. I restored electrical
power to the rest of the building and equipment, and put the
FM transmitter back on the air, so we could at least provide
some service. (However, this was back in the 1960’s and very
few people owned or listened to FM radios.)
Clearly, I had to restore our AM service as quickly as
possible. Our AM facility operated at five kilowatts nondirectionally during daylight hours, and went directional in
the evenings with a three-tower array fed by a lower-power
(500-Watt) transmitter.
Although I understood the theory operation of the facility
and knew where the RF switches and networks were, I was
not yet that familiar with them, as I had yet to work on the
directional configuration.
The station’s AM operation was further complicated by a
rental agreement with another daytime station that allowed
them to combine their signals into the 5-Kw’s non-directional tower via additional RF networks for combining and isolating the1440 kHz and 1570 kHz signals from the two stations.

Scott Fybush Photo

I received one of those early morning calls that no broadcast engineer
ever wants to receive. This one came
at 5:00 a.m. from the radio station’s
morning combo announcer, informing me that smoke was pouring out
of the transmitter. This was early in
my career and I was the newly-hired
chief (and only) engineer at a simulcast 5-kilowatt AM and 50-kilowatt
John Tollefson
FM operation in a major market in the
upper Midwest. Actually, this was my first job as a “chief” after
working studio and transmitter assignments at another station.
In relaying the information, the announcer told me that he
had called the fire department, but they hadn’t arrived yet. I
told him to leave the building, and that I would be there shortly.
By the time I got there, the fire department was on the
scene. They had determined that while there was a lot of
smoke, there were no flames, and they had located the equipment breaker panels and turned off the power. The source
of all the smoke was traced to the plate transformer in the
AM transmitter.
Fire department personnel performed another sweep of
the building, and satisfied there was no fire, left. I called the

station’s general manager to inform him of the situation, and
then began to assess the situation and to see what could be
done to get us back to normal operation.

RCA’s BTA-5 series of transmitters graced many a station’s transmitter hall. They provided a well-modulated AM signal, but like
any transmitter, were only as good as their power transformers.
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As I was working through all this and trying to come up with
a plan to use the nighttime 500-Watt transmitter to restore
operations, I recalled that when the previous engineer had departed, he’d invited me to call him if I had any questions.
Step One In Returning To The Air
Of course I had a lot of questions, so my next telephone call
was to him. On hearing about the situation, he volunteered to
come to the site and help in restoring the AM signal.
We used some copper strap to route RF and did some
rewiring of the RF switch control circuits to allow the 500Watt transmitter to operate non-directionally during the day
and then resume its normal directional operation at sunset.
(This was accomplished while avoiding RF burns from signal
from the other AM station, which by this time, had signed on
for the day.)
After thanking the former chief and offering him some pay
for his knowledge, experience and work, which he refused,
I started on my second cup of coffee and pondered my next
steps. Although relieved we had something on the air, I knew
I needed to restore our five-kilowatt daytime AM signal as
quickly as possible.
Supply Chain Problems Are Not Unique
To The Pandemic
A check with RCA’s broadcast service operation revealed
that they did not have a replacement three-phase plate transformer for a BTA-5F in stock, and it would be months until
they could ship one, I quickly realized I needed a “plan B.”
So, doing what any young engineer would do in these circumstances, I called my father, an electrical engineer who specialized in power sources and electric motors, to see if he had
any ideas. He suggested the name of a local company who rewound transformers. My next call was to them, where I found
out they could rewind the RCA unit, but as this was a special
type, it would take some time;
perhaps even a few months.
It began to seem like all solutions associated with this project involved months, but I went
ahead and placed the order, arranging for them to pick up the
transformer, and knowing that I
now needed a “plan C.”
A Little Ingenuity (And A
Loan) Saves The Day
So, it was back to another telephone conversation
with my father, who asked if
I had considered temporarily
replacing the damaged plate
transformer with three separate pole transformers from
the power company?
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Well, I was out of my league at this point, and so I asked
how that would work. He described lashing them together
in reverse to produce three-phase 2,200 Volts. I inquired at
the local electrical power company as to whether they would
consider such a loan of equipment, and although they had
never loaned transformers to a radio station before, they
agreed. However, I was cautioned that as they were oil-filled,
it was likely that approval from the city’s fire marshal would
be needed. That individual proved to be cooperative, especially when informed that this would allow the radio station
to continue its public service mission.
I was off to the local electrical supply store for high
voltage cable and wire connectors. After cobbling all this
together with the pole transformers that night, I held my
breath while I fired up the transmitter with my temporary
high voltage system.
It worked, but as the turns ratio of the loaned transformers was such that the transmitter’s plate voltage was only
about two-thirds of RCA’s design value, the class B modulators acted more like class C amplifiers with pretty lousy
audio quality. Adjusting the bias voltage fixed that problem,
and we were back on the air with a much more respectable daytime signal as compared to what could be achieved
with the 500 Watt “nighttime” transmitter. (Actually, due to
the lower voltage from the borrowed power company transformers, the RCA rig could only deliver about 3.5 kilowatts
of RF, but no one complained.)
After observing that my temporary repair was going to
work, I headed home for some much-needed sleep. On returning to work the next day, the last task was to apply to the
FCC for a Special Temporary Authority (STA) to operate at
reduced power, and this was quickly granted.
Two months later, the original plate transformer was returned by the rewinder and we quickly installed it and resumed our licensed five-kW operation.
The borrowed power company transformers were returned, and by then yours truly
was a slightly older and much
wiser broadcast engineer.

“Pole pigs” on loan from an electrical utility company have
provided more than one radio station with a way to resume
operations after failure of a transmitter power transformer.
These service providers maintain an inventory of line
transformers and are usually happy to cooperate in aiding
broadcasters in need.
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FOBTV Technical Committee
Meeting Examines Progress Of
Global DTV Initiatives
By James E. O’Neal
The Technical Committee of the FOBTV (Future of Broadcast Television) conducted its most recent meeting on Aug.
31, 2021, with representatives of several television research
and standards organizations providing updates on televisionrelated activities during the past year.
The two-hour virtual event was chaired by the NERCDTV’s Yao Wang, and began at 9:00 a.m. Eastern Daylight
Time. The Zoom session attracted some 50 participants, and
began with reports from members of various global standards organizations. First to report was the DVB organization’s head of technology, Emily Dubs.
In her opening remarks, Dubs announced a shift in the
DVB’s focus, with a new emphasis on IP-based delivery of
content to consumers.
“Disruption used to be at the heart of DVB’s specifications,” said Dubs. “Now the industry needs to engage integration with IP.”
She added that some of the projects now underway involved discovery over the Internet, additional work on the
DVB-DASH streaming format for deliver y of DVB -I
services, as well as improvements in audio and video
coding efficiencies.
Dubs also previewed a live
event DVB demonstration
that was scheduled for the
end of September.
The ATSC’s president, Madeleine Noland, was next on
the list of presenters, and began by offering an update on activities going on within her organization, as well as describing
some of the projects already completed. In discussing current
work, she described potential commonalities among ATSC
projects and work going on in other television standards organizations.
These included IT convergences, audio watermarking,
captioning and subtitling, interactive content, and security
and service protection technologies.
“I’d like to highlight projects that I think are opportunities across the board for convergence,” said Noland, noting
that “CMAF (Common Media Application Format) bubbles
through all of these four areas.”
The NAB’s senior vice president of technology, Lynn Claudy, provided information on the North American Broadcasters Association (NABA), explaining that it’s comprised of
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members in the United States, Canada and Mexico, with a
goal of advancing the interests of broadcasters in these nations and internationally. He noted that a NABA study group
had been convened in 2021 to decide on which HDR (high dynamic range) television system to employ in North America,
“The goal is to have to do the least number of conversions,” said Claudy, explaining that the study group examined
the pros and cons of both HLG- and
PQ-based HDR in terms of conversion and other aspects that would
be encountered in the adoption of
either.
“You’ll find that HDR10 as an
emission format is not perfect, but
there are fewer red flags than if you
chose HLG,” said Claudy. He noted
that NABA had recommended PQLynn Claudy
based HDR, but stressed that this
was strictly a recommendation and not a standard.
Mark Aitken, the Sinclair Broadcast Group’s senior vice
president of advanced technology, spoke next, describing
work underway on development of a cell phone capable
of receiving ATSC 3.0 overthe-air broadcasts. He observed that a pilot program
was underway to develop and
deploy such a device in India
and that “we’re working right
now toward providing 25,000
of the phones to U.S. ’big box’ stores to place in the marketplace and judge consumer response.
Ryoichi Nakai, director of Japan’s ARIB research and development operation, followed Aitken, beginning with a review of his organization’s technical
review schedule for advanced terrestrial television broadcasting. In
particular, Nakai called attention
to the ongoing work on audio and
video coding, stating that a Working
Group meeting had been held on
Feb. 9, 2021 and that work had been
underway this year on a comparison of audio coding methodologies,
Mark Aitken
including MPEG4- AAC, MPEG-H
3DA, Enhanced AC-3, AC-4, and that a subjective evaluation
of video coding technologies was also being conducted. He
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also noted that the ARIB had been in communication with
Brazil’s SBTVD Forum TV 3.0 project with regard to a call
for proposals (CfP).
In his report, Nakai also provided an update on other
ARIB activities, including consideration of UHD standards
for studio facilities, transmission of content, and exchange
of programs. He highlighted other standards work, which included that in connection with digital terrestrial broadcasting, broadcasting via satellite, OFDM digital microwave, and
color bar test pattern for the Hybrid Log-Gamma (HLG) high
dynamic range (HDR) television transmissions.
Luiz Fausto, technical module chair of the Brazilian Digital
Terrestrial TV Forum, provided an update of the digital television situation in his country in his presentation “TV 2.5 &
TV 3.0 TV Evolution in Brazil.”
He began by tracing the evolution of television from analog to
digital in Brazil, noting that it had
progressed to the stage where consumers could now enjoy HDR, immersive audio, Internet connectivity
and other advanced functionalities
via an upgraded standard referred
to as “DTV Play.”
He stated that the adoption of
Luiz Fausto
this standard allowed reception of
broadcasters’’ signals on existing TV sets while providing the
advanced features to owners of newer receivers, adding that
“the new HDR and immersive audio formats are now optional” in terms of being universally incorporation into receivers
being manufactured and in transmissions by broadcasters.
“We have been evaluating proposals for audio/video coding, captioning, transport layer, physical layer, and a broadband interface on an ongoing basis,” said Fausto.
Fausto reported that Brazilian industrial policy mandated
the DTV Play technology in 30 percent of the sets obtainable
in that country in 2021, rising to 60 percent in 2022 and 90
percent in 2023 and beyond.
Next-Generation Media Technology Updates
The virtual meeting agenda then shifted to updates on
next-generation technologies worldwide.
Thomas Stockhammer, Qualcomm’s director of technical
standards, led off this portion of the meeting with a presentation about technology for making television content available
via 5G network technology. In his presentation “Views On
5G RAN/SA/SA4 Rel-18,” Stockhammer began by summarizing the work that had been completed prior to Release
16, noting that 3GPP (3rd Generation Partnership Project)
Release 14 had enabled enhanced television (enTV) transmission, and how enTV had now evolved to become “5G Broadcast” in Release 16.
Stockhammer observed that all of the Release 16 work items
had been completed by June 2021 and that “Release 16 fulfills all
5G requirements that have been defined for broadcast.”
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He said that Release 16 enTV provides enhanced spectral
efficiency and coverage, as well as providing a higher quality
consumer experience in mobile reception environments.
Stockhammer then described
workshops that had been held
in connec tion with 3G PP and
5G-MAG.
“Qualcomm provided direct input to these workshops and through
5G-MAG, the latter in particular, on
issues related to Release 18 ‘broadThomas Stockhammer cast;” he said. “We propose not
to embark in any major redesign of terrestrial broadcast in
3GPP for Release 18 in future releases.”
Stockhammer also touched on a number of other topics in
his presentation, including enhanced support for simultaneous LTE MBMS and Unicast NR, a summarization of Qualcomm’s interest in SA2 Release 18 topics, integration of a
new video codec into 5G technology, and more.
Keiji Ishii, executive research engineer at NHK STRL, was
next on the program with a presentation about the June 1,
2021 NHK “open house” online
event program which was designed
to provide information about NHK’s
latest research programs.
He noted that the goals at his organization were “pursuing science
and technology and enriching your
experience.” He stated that the
“open house” program had examined technological innovations that
Keiji Ishii
might be part of the landscape in
a few decades (“Future Vision for 2030-2040”) and “future
media technologies that might change our world.”
In recapping the keynote address given at the June 1 event,
Ishii stated that “our primary R&D strategy is to promote
new user experiences.
He described three categories of exhibits at the “open
house” event, including “Immersive Media,” “Universal Services,” and “Frontier Science,” and provided brief descriptions of what was presented under each of these categories.
Some of the exhibits described by Ishii included a spacesharing immersive content viewing system, technology for
composting 360-degree views and creating 3D objects according to a scene description, new terrestrial broadcasting
services achievable by combining broadcast and broadband
technologies, high-definition light field imaging and display,
depth-compressing technology for increasing 3D video quality, quantum dot LEDs for better displays, a device for translating Japanese news articles into English, speech synthesis
advances, and more.
ETRI’s Sung Ik-Park next provided a report on activities
being undertaken by his Korean research organization. These
included terrestrial distribution of 8K ATSC 3.0, testing of
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channel bonding technology for transmission of 8K ATSC
3.0, a trial of MIMO-based ATSC 3.0 8K UHD, testing of
ATSC 3.0 OTA and OTT convergence, on-channel repeaters
for extending SFN coverage, and diversity reception techniques as applied to mobile television broadcasting.
Park noted that “ATSC 3.0 supports channel bonding,
providing some 110 megabits per second of throughput and
also provides additional frequency diversity.” He further observed that ATSC 3.0 supported
layered video encoding with scalable two-layer (base and enhancement) HEVC coding.
In connection with the mobile diversity reception trials, Park stated
that “we examined mobile reception using multiple receive antennas
and showed that diversity reception
[utilizing an MRC, or ‘Maximum RaSung Ik-Park
tio Combining’ receiver] can significantly improve reception performance. A diversity receiver
provides significant performance gain when compared to a
single antenna (configuration).”
He also described in some detail the work that his organization had done in connection with on-channel repeaters
(OCRs).
“A dedicated OCR was developed and tested at the KBS
broadcast site,” said Park. “SFN is a promising solution to
address the scarcity problem of the radio spectrum [and]…
an on-channel repeater can be used to fill the gaps and extend the broadcast service coverage [of an ASN]. OCR is a
cost-effective solution that does not require a [microwave
radio] studio-to-transmitter link (STL) or a wired communication line.”
Park also spoke about a planned comparison testing of
ATSC 3.0 versus 5G video transmission that’s set for December of 2021.
“This will be done by computer simulation in the lab, as
well as via field testing,” he said.
Dazhi He from the NERC-DTV/SJTU organization
wrapped up this section of the meeting by providing a look
at some of the progress being made in connection with 8K
television in China, highlighting several milestones in the path
to this advanced form of ultra-high-definition video.
He noted that transmission of 8K video via 5G network
technology had been demonstrated by the CCTV at the Mobile World Congress in June 2019, this was followed by a live
8K telecast of a football match to cable TV subscribers in
November 2020, and this year this UHD technology was officially launched on the first of February in connection with a
live broadcast from the country’s Spring Festival Gala.
The speaker also described the ongoing 5G (FeMBMS)
television transmission efforts underway in China, calling attention to the “Release 14” field testing done in Beijing, as
well as the 3GPP “Release 16” technology that has been developed for such transmissions.
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He observed that a trial (FeMBMS – Release 14) conducted
in Beijing between October 2020 and January 2021 utilized a
transmitter operating between 758 and 768 MHZ with QPSK
modulation, and with a power of 240 Watts was able to deliver satisfactory reception out to a distance of 70 km.
Dr. He concluded with an overview of the NR-based 5G “Future Vision” program and goals, including research into the use
of Release 17 NR-MBS in network overlay, terrestrial broadcast
reception via Release 18, enTV as a DTT standard, and more.
Global Harmonization Initiatives
The meeting next shifted to a discussion of “Global Harmonization” efforts, with an emphasis on the upcoming
WRC23 meeting.
Leading off with remarks was the ATSC’s Madeleine
Noland.
“I would like to consider World Radio Conference 23
(WRC23),” said Noland. “How broadcasters can present
themselves [as regards global television delivery systems].”
She noted especially the multiplicity of systems, the sharing of content across heterogenous
networks, one-to-many delivery
and convergence with other delivery modalities.
“I think that WRC23 will be a
forum for these discussions regardless of which system you use in your
broadcast spectrum allocations.”
Noland observed the on-going
reallocation of 600 MHz band specMadeleine Noland
trum from broadcast to wireless
broadband purposes, and stated that broadcasters needed to
start setting the agenda for the upcoming WRC.
“Once the agenda starts to get formed for the next conference, we have to manage our current agenda. It appears to us
that there needs to be a unified broadcast presence at the conference to ensure we have an influence on the proceedings,”
she said. “If broadcasters are not there [or are] not unified,
or don’t speak out [about] their needs, these needs will not
be met. This is a call to action for people on this call to start
thinking about an agenda and who will be there to represent
broadcasters to be sure our voices are heard in that forum.”
Meeting Chair Wang echoed Noland’s remarks, stating
“this is critical to all of those in this FOBTV group.” He asked
for comments from other FOBTV members with regard to
the WRC23 event.
On-Going Global Research Initiatives
The last topic on the agenda was a discussion of collaborative research projects with a PowerPoint presentation by
Chairperson Wang in which he examined topics for research
suggested by FOBTV members. These included broadcast services in 5Gm what may come between 5G and 6G
continued on page 32
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5G MAG
By Jordi J. Gimenez and Peter Siebert

MAG Inputs To 3GPP Release 18
The technical
specifications for the
worldwide mobile
networks are developed by the 3rd
Generation Partnership Project (3GPP).
3GPP brings together
the most relevant
Jordi Gimenez
Peter Siebert
telecommunications
standard development organizations (ARIB, ATIS, CCSA, ETSI, TSDSI, TTA,
TTC), and offers the necessary procedures and tools to
produce the technical reports and specifications that define
3GPP technologies. This approach guarantees the necessary
worldwide interoperability for 3GPP devices.

3GPP specifications have traditionally covered cellular telecommunications technologies, including radio access, core
network and service capabilities, which provide a complete
system description for mobile telecommunications. In recent
years the scope of 3GPP has extended to also cover satellite
(non-terrestrial networks) and terrestrial broadcast networks.
3GPP meetings are open to the members of the above-mentioned standards development organizations. The work takes
place in three Technical Specifications Groups (TSG):
• RAN (Radio Access Group)
• CT (Core Network and Terminals)
• SA (Service and System Aspects)
Each TSG is divided in various subgroups as presented
in Figure 1.

Figure 1. Technical Specifications Group (TSG) and working group structure in 3GPP.
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Whereas Release 16 is close to being finalized work on Release 17 is going ahead. Work on Release 18 has started with
the definition of study and work items.
Several Releases combined define a “Generation” of 3GPP.
The current one is 5G which started with Release 15 specifying the New Radio (NR) air interface for 5G. Note that LTE
is also evolving under the new 5G releases.
Work on Release 18 has already begun with Stage 1, which
means that potential topics to be addressed are collected.
As already in earlier Releases, it is important for the wider
media industry that relevant features are taken into consideration. Our industry must make its voice heard in the discussion on new features and functionalities.
Representing the media industry in 3GPP and gathering
market requirements to 3GPP specifications is one of the
mandates of 5G-MAG. To do this, 5G-MAG has become a
market representation partner (MRP) of 3GPP. As the name
implies, 5G-MAG is regarded by 3GPP as the representative
of major stakeholders in the production and distribution of
audiovisual media content and services area.
In several meetings 5G MAG members have come together to discuss relevant inputs for the definition of Release 18.
Different tracks have been identified:
• LTE-based 5G Terrestrial Broadcast: Release 16 expanded
LTE-based 5G Terrestrial Broadcast to meet the
requirements for, in particular, public service media
broadcasting. The specification enables to deploy a
dedicated broadcast system both in cellular and/or

Specification development starts with collecting new features which are regarded as relevant by several members. If
there is sufficient support, a study item will be created, where
the feasibility for technology solutions will be evaluated based
on technical inputs from 3GPP members. The results are summarized in a Technical Report (TR) that provides the agreedupon concepts from the feasibility study. Study items and the
resulting TRs may result in corresponding Work Item(s) (WI).
As a next step members work together in the technical groups
to derive 3GPP Technical Specifications (TS). Based on the TS
documents the industry will provide technical solutions.
The work of 3GPP is structured in Releases. A Release can
be regarded as a collection of various work items which all
together provide a major milestone in the progress of 3GPP.
The Release specification work follows a staggered approach
consisting out of three stages:
• Stage 1 is an overall service description from the user’s
standpoint.
• Stage 2 is an overall description of the organization of the
network functions to map service requirements into
network capabilities.
• Stage 3 is the definition of switching and signaling
capabilities needed to support services defined in stage 1.
The actual stages and corresponding working groups for
Release 17 are presented in Figure 2. It also shows that the
Releases overlap in time and follow a staggered scheme.

TSG#

87

2020
88

2021
89

90

91

92

2022
93

94

95

96

RAN4 Perf
(SA1’s Stage 1 & “RAN content definition” completed TSG#86)

97

98

2023
99

Release 16

Release 17

Stage 2 (SA2, SA6,…) Studies

Stage 2 (SA2, SA6,…) Normative
RAN1
© 3GPP 2012

"RAN Completion (RAN2/3/4core)"
Stage 3 (CT & SA’s St.3 work )
ASN.1 & Open APIs
RAN4’s Perf

Stage 1 80%

100%

Release 18

Note: starting dates not representative
SP-201146 , 3GPP TSG SA#90e,7–14 December 2020, e-meeting

© 3GPP 2020

3

Figure 2.Currently active Releases in 3GPP.

Broadcast Technology

nbts_4thQtr-dummy_v5.indd 31

www.ieee.org/bts

12/16/21 11:00 AM

32
terrestrial broadcast infrastructure, including High-Power
High-Tower. 3GPP, under LTE Release 17 is adding
support of 6/7/8 MHz bandwidth and LTE Release 18 will
add support for the UHF band. 5G-MAG members would
also like to explore for Release 18 the connection of the
LTE-based 5G Terrestrial Broadcast RAN to the 5G Core
and ways to optimize simultaneous use of broadcast
alongside unicast in devices like smartphones.
• Multicast Broadcast Services: Under NR Release 17,
3GPP has started work on Multicast Broadcast Services,
which may allow network operators to optimize the
distribution of content for simultaneous and concurrent
user consumption and introduce new collaborative
models between network operators and service
providers. 5G-MAG members would like to explore in
Release 18 the introduction of free-to-air features for
broadcast MBS, the possibilities to achieve coverage
enhancements by means of low-range SFN or the ability
to provide multicast/broadcast reception for users in
inactive or idle mode, enabling users to connect to
running multicast sessions without the need of being
connected to the cell and therefore being prevented
from consuming multicast content when such cell is not
able to allocate more users within.
• 5G Media Streaming: A powerful architecture for media
streaming was developed in Release 16. A flexible modular
approach for services providers and network operators to
configure the way linear and on-demand services are

delivered to the end user, to get insight into real-time
network conditions, to be able to use the 5G network in
an intelligent manner to optimize delivery, cost and expand
service offers into personalization, targeted advertising,
local content replacement, etc. Release 17 has started
adding Multicast and Edge Computing capabilities to the
media streaming architecture, among other capabilities.
5G-MAG members would like to see improvements in the
area of hybrid media distribution for Release 18.
We should not forget the 5G Satellite topic (non-terrestrial networks) where now system architecture and support
for NR over satellite access are being developed. This is an
important feature for 5G-MAG’s member to reach wide
area coverage.
In the domain of media production and contribution, 5GMAG members are engaged in the on-going study about media
production over non-public networks. Different ideas to enhance the uplink, especially higher uplink data rates, were also
an input to the recent 3GPP Release 18 definition workshops.
Work continues in 5G-MAG witwh our recently launched
5G-MAG Reference Tools Development Program. This activity is open to the wider developers’ community beyond 5GMAG members. The objective is to implement and put into
play the 5G Media standards. Stay tuned!
About The Authors
BTS Adcom member Peter Siebert participates in the 5G-MAG meetings and
will provide regular updates in this publication. In addition, BTS member Jordi
Joan Giménez acts as head of technology for 5G-MAG and is deeply involved in
all activities of the organization.

FOBTV Technical Committee Meeting Examines Progress Of Global DTV Initiatives
continued from page 29

technologies, the necessity of conducting broadcast mode
research, possible formation of an FOBTV ad hoc group to
look into a “5.5G” scenario for improvement of the broadcast mode in mobile communication systems with an eye towards immersive media, a research initiative on a collaborative improvement plan between existing mobile networks,
and formation of another ad hoc group to investigate newgeneration multicast and broadcast technology involving Release 18 and to create a report.
Wang said that he had been soliciting comments on these
issues, but none had been forthcoming as yet.
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Yao Wang

Chair Wang then concluded
the meeting by announcing that
the next FOBTV meeting would
likely be conducted online and that
a notice of the meeting’s date and
time would be sent to all FOBTV
members.
“Our next face-to-face meeting
will be held at the NAB Show and
IBC when international travel restrictions ease,” said Wang.
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Serendipity In The Time Of Pandemic
Is musical genre a guarantee of safe
headphone listening?
By Patrick Waddell

By “impulse,” I’m referring to the sound from an extraloud drum or similar struck instrument; sometimes played by
multiple musicians. In the case of Stucky, two timpanists and
two bass drums, all struck their notes together. In the case
of the Mahler performance, this was executed by the use of a
“hammer” (large wooden mallet) that required the player to
stand in the choir seats behind the stage and strike the top of
a long shaft rising from a box-like object on the stage floor,
with the mallet.
In a moment, I’ll present a table of the actual measurements of recordings of these pieces along with their true
peaks and loudness ranges. (There are some surprises.)
However, I first need to address human anatomy.

Many BTS members may be aware of the ongoing work related to audio loudness on portable devices. Much of this work
has been conducted by the Audio Engineering Society, but the
Consumer Technology Association and the ATSC have also
played a role. In the recent past, most musical performances
were heard in venues by large numbers of listeners. However,
when the pandemic struck, this was no longer the typical music delivery mechanism; headphones took on that role instead.
In the pre-pandemic recent past, attendance at music concerts was a regular part of normal life for many people. This
included classical music performances; in my case, by the San
Francisco Symphony (SFS) for which I’ve been a regular subscriber for more than 40 years. What had been a regular
The Ear Canal
routine to the Davies Hall in San Francisco suddenly came to
If you consider the shape of our ears, the outer ear serves
a halt in early March last year.
almost as a “scoop” for sound, funneling it into the tiny auditory
By pure coincidence, I attended SFS concerts for five of
canal. The typical auditory canal is only about 10 mm in length,
the six weeks just prior to the San Francisco Bay Area’s coland thus is much smaller than the majority of audio wavelengths.
lective order to “shelter in place” that came in the first weekThis serves as a built-in attenuator for loud sounds.
end in March of 2020. During those five concerts the music
The amount of attenuation varies with frequency, with the
heard inside Davies was dynamic—loud at times, but not a
greatest occurring at the lowest frequencies. For this article,
challenge to your hearing. Listening to some of the same muan estimate based on the published curves from ISO 226
sical content on headphones, however, might be.
is used. As examples, for 5 kHz the attenuation is typically
To lever as much serendipity as possible from this time of forced
0 dB; for 1 kHz; 0.5 dB, for 100 Hz; 3 dB; and for 32 Hz,
quiet at home, and to provide some possible guidance for those in
25 dB. The lowest frequency typically produced by a pipe
the industry working to prevent hearing loss from portable devices,
organ pedalboard is 32 Hz.
I want to describe some sample recordings of that music.
I heard (in concert orWhat Was That
der) the Saint Saëns OrWavelength?
g an Symphony (loud), a
Audio
wavelengths
composition by a modern
are calculated by dividing
composer based on music
speed of sound “in air at
of Henry Purcell, namely
20 degrees Celsius”) by
Stephen Stucky’s “Music
the audio frequency in
for the Funeral of Queen
Hertz, with the results
Mary” (conducted by the
being given in meters.
conductor who had comSo, for 32 Hz, the wavemissioned the composition,
length is 10.725 meters
SFS new Music Director
(the size of a large organ
Esa-Pekka Salonen) (with
pipe is some 35.2 feet,
very loud impulses), and fiwhich is why they are
nally (the evening the Public
often placed facing the
Health Orders were given,
audience, such as in DaMarch 6, 2020), Mahler’s
vies Hall); 100 Hz waveSixth Symphony (also with
length is 3.432 meters;
Figure 1. The Basic Structure of the Human Ear.
very loud impulses).
1 kHz is 0.3432 meters;
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and 5 kHz is 0.06864 meters (See Figures 2 and 3 below)
Figure 3 shows the organ in better
context of how is it situated in the performance hall.
Note the length of the front pipes;
32 feet. This is a large organ. The Symphony describes the instrument as having 8,264 pipes in 147 ranks. The stop
list shows a 64-foot stop (pipe) in the
pedals, which is hidden in the back of
the organ. The facing pipes are the 32foot Contre Principal rank.

form. The motivation was prevention of
overmodulation in AM transmitters and
recording systems. In the case of recordings, visual inspection was often necessary
to ensure the approximation measured
by the meters (which in North America
were termed “volume units” and in Europe Peak Programme Meters (PPM).

Courtesy of the San Francisco Symphony

Courtesy of the San Francisco Symphony

Loudness Measurements In
The Digital Domain
The first international standard designed to measure audio loudness (rather
than wideband noise levels) was ITU-R
Fletcher And Munson’s
Recommendation BS.1770, initially pubMeasurements
lished in August 2006. It was designed to
The first researchers to examine
document two critical audio measurehuman hearing were the Bell Labs Enments: objective multichannel loudness
gineers Fletcher and Munson, who
and accurate “true-peak” levels.
did their work in the early 1930s. They
BS.1770 uses a measurement expressed
published their findings (including those
in “LKFS” (level, K- weighted, against full
Figure 2. The Davies Hall Ruffatti Organ.
famous curves) (see Figure 1 in blue). In
scale) units. Its measurement omits the
the early 1950s, other Bell Labs researchers repeated the
low-frequency enhancement (or “subwoofer”) channel from the
tests, but this time with the test subjects in free space (a new
multichannel measurement. The K-weighted curve is the oppopost-WW II anechoic chamber). Their results are shown in
site of the ISO 226 curve (Figure 6). The letter “K” has no meanred curves in Figure 4, and are now standardized as ISO 226.
ing itself; it was simply the next algorithm letter available in the
ITU list. The overall block diagram is shown in Figure 5.
What Fetcher And Munson Missed
BS.1770 documents a simple way to measure perceived
Fletcher and Munson were true pioneers in this field.
loudness in a fashion that effectively models the human hearThey lacked—given the development of technology at that
ing system. In addition, BS.1770 offers a reliable method for
time—the ability to probe hearing measurements further.
measuring true peaks in the digital domain, so operators can
They used (then) state-of-the-art 1930s headphones, which
more precisely work in the upper range of digital audio levalmost certainly lacked low-end reproduction capabilities
els. Prior to this measurement, many operators were running
(which modern headphones certainly don’t, given the influlevels of −30 dBFS (decibels relative to full scale), or lower, in
ence of popular music which emphasizes bass). Fletcher and
order to play it safe.
Munson also lacked the ability to utilize a tool that became
BS.1770 was published as the ATSC was working on a Recavailable later, the aforementioned anechoic chamber. (The
ommended Practice, which became A/85, to help the televimeasurements which lead to
sion industry deliver higher qualthe curves in Figure 4 above
ity multichannel program audio
were from such an environat consistent levels across opment.)
erations. BS.1770 seemed ideal;
The upward tilt of the lowhowever, as BS.1770 was new to
end curves (below 300 Hz)
ATSC members, and to gain conshows the ear canal attenuator
fidence with its measurements,
at work. This provides us with
a small ad hoc group performed
important hearing protection
a series of informal digital audio
against low, low frequency
monitoring tests. Several experisounds, especially impulses.
enced audio mix engineers were
assembled, consisting of staff
Loudness Measurements
from the major broadcasters and
In The Analog Domain
the studios, to conduct “blind”
Analog loudness measurelistening tests.
ments were always an approxiEach audio engineer listened
mation of what was actually Figure 3. The organ and the performance and audience
to typical TV program audio
happening in the audio wave- spaces.
material, without the use of
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any metering. Each mixer, in
turn, was asked to “normalize” or match the loudness of
all items in the content collection. The fader positions
were captured, with the audio replayed under the associated automation, and then
measured in units of LKFS.
The test validated that that
the BS.1770 algorithm yielded
results that matched what
the mix engineers heard,
confirming that this is indeed
the tool to use for measuring
digital program loudness.
How BS.1770 Works
The BS.1770 block diagram appears in Figure 5.
Figure 4. (from ISO 226).
The “K Filter” curve is the
opposite of the effect of the ear’s low frequency boost (the
effect Fletcher and Munson missed) and looks like:
The Channel Weighting simply reproduces head effects
for sounds from the rear. The result is a simple sum of the
five channels’ weighted levels. In 2009 at the request of
the EBU, a “gating” function was added “downstream” of the
summation. The gate simply ensures that very low-level sequences do not bias the measurement downward. Given the
popularity of certain detective shows of the time, the gate
was helpful in setting their levels right.
Modern Headphone Technology
As noted, modern popular music emphasizes the bass
melody. Headphone designers have optimized most headphones to satisfy those listeners who appreciate this. The
low-end performance is at least flat, or capable of being set
for flat frequency response in most cases.
Add over-the-ear tight fitting muffs and urban listening may
be a hazard regardless of the content. The listener can’t hear
traffic, for example. That, in of itself, could be fatal, given the

wrong circumstances. This is
one of the reasons that earbuds and other loose-fitting
headphones were developed;
listeners can hear traffic!
Modern Noise-Cancelling
Headphone Technology
Noise cancellation is usually done by circuitry in the
headphone which inverts the
ambient noise and adds a
small amount into the headphone signal. One result may
be that listeners don’t need to
turn up their listening volume
in a noisy location such as a
subway train. That by itself
may help protect their ears.
The flipside of that is, when
walking outdoors, a listener
may not hear sounds from potential physical threats, such as
traffic. I have, on more than one occasion, watched someone
who’s absorbed in their music completely fail to observe a vehicle turning into their path as they start to cross the street.
I’ve only seen a couple of actual collisions and no real injuries,
but this technology enables such behavior.
In-Ear Non-Noise-Cancelling Headphones
A currently popular alternative are headphones small
enough to fit the drivers directly into the ear canal. As an example, I own a pair of JBL T210 headphones which ship with
three sizes of tips. I chose one that stays in place, but also
permits me to hear traffic noise (I am located in a suburban
setting and walk mostly on sidewalks). The headphones were
inexpensive, but perform well when driven by an “i device.”
Noise-Cancelling Headphone Hazards
Some inexpensive noise-cancelling headphones may not
limit the level of the cancellation audio. In a very noisy environment (such as a San Francisco metropolitan area “BART”

Figure 5. BS.1770 Block Diagram.

Broadcast Technology

nbts_4thQtr-dummy_v5.indd 35

www.ieee.org/bts

12/16/21 11:00 AM

36

of the Montreal Symphony’s new organ from 2014 may have
benefited from the arrival of ITU-R BS.1770 and the ability
to measure both loudness and True Peak levels in real-time.
Note the values for the last section of the second movement below.
The real surprise, however, is that it was recorded and
released originally on analog!
The original analog recording of E. Power Biggs, along with
Eugene Ormandy, and the Philadelphia Orchestra was made
in 1963. The LP record is seen in the photograph in Figure 7.

Figure 6. “K Filter” curve (from BS.1770).

subway train operating in the noisier stretches of that system) the noise cancellation might actually produce damaging
levels in the listener’s ears.
Examples Of Potentially Hazardous
Listening Material
Post-Shelter-In-Place (“SIP”) and based on those concerts
heard so many months ago, do we have any real measurable
loudness numbers? Courtesy of my colleague Scott Norcross, we do!
They may surprise you….
Starting with two of the performances noted earlier as
loud or very loud in the hall, the SFS recordings of them (the
three Mahler symphonies) were quite subdued in their loudness. The True Peak measurements are not a surprise as digital recordings strive to be (if they follow the advice of A/85) at
−4 dBTP. Most of these are a bit higher (some pre-date A/85).
The Stucky “Music For The Funeral Of Queen Mary,”
which, when heard in-person, had a number of very loud impulses, showed signs of the producer (Dr. Stucky himself)
and his mastering engineer (the famous George Massenburg)
having manually optimized the peak levels using a Digital Audio Workstation (DAW). Listening to the recording, the first
time I heard it, wearing ear buds (not in ear canal), and knowing when the impulses were coming, it was bordering on being painful. Listening again with in-ear headphones, and being
more conservative on the levels, it was fine. However, this is
one recording which might do some hearing damage.
The other piece of music which might cause potential
hearing damage is a surprise. It’s the Saint-Saëns Third Symphony! It may be worth quoting from the performance program of that night: “Earlier, we heard the organ murmuring
gently, but the C Major chord it releases here dependably
propels a fair percentage of the audience several inches off
their seats.” (James M. Keller).
Once again, the listener may not be ready for how loud
that chord is in several recordings. The inaugural recording
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Figure 7. Side One of the Columbia MS 6469 LP recording.

This is Side One with (as James Keller noted) “the organ
murmuring gently,” those are the pedal notes with very careful mastering! The producer of the LP (the famous John McClure also did the transfer to digital). Note the loudness and
True Peak in Table 1. That was done by ear!
Note: Of all of the tracks listed in Table 1, it’s reasonably
obvious as to why it’s included, with the possible exception
of the March from Purcell's "Funeral Music For Queen Mary.”
This is a recording of Purcell’s original music played at the
funeral of Queen Mary and recorded in a large church with
appropriate acoustics. Dr. Stucky’s music was composed for
performance in a large concert hall, such as where I heard it. I
wanted an acoustical and contextual “checksum” (as it might
be termed) on what Dr. Stucky (and Esa-Pekka Salonen) have
done with Purcell’s original. Stucky added brass players (little
surprise) and the percussion (some surprise, since Purcell also
used percussion, but not in liturgical settings).The rendering of
Purcell’s original was well preserved.
Some Conclusions
Listeners need to beware, even with classical music! Both
of the Saint Saens examples may surprise a listener. The
Stucky certainly will, but so might Beethoven.
Acknowledgements
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Table 1. Actual Loudness and True Peak Data.
File

Performers

Loudness
(1770-4),
LKFS

LRA,
LU

True
Peak,
dBTP

01-MahlerSymphony #6 In A
Minor, 'Tragic' - 4.
Finale- Allegro
Moderato.wav
01_Stucky Music
For The Funeral Of
Queen
Mary_Michael
Haithcock Baylor
University Wind
Ensemble.wav
05-MahlerSymphony #2 In C
Minor,
'Resurrection' - 5b.
Aufersteh'n.wav
12-MahlerSymphony #8 In E
Flat - Part 2- Alles
Vergängliche.wav
19-Purcell- Funeral
Music For Queen
Mary - March.wav
01-Saint-SaënsSymphony #3 In C
Minor, Op. 78,
'Organ' - 1A.
Adagio, Allegro
Moderato.wav
02-Saint-SaënsSymphony #3 In C
Minor, Op. 78,
'Organ' - 1B. Poco
Adagio.wav
03-Saint-SaënsSymphony #3 In C
Minor, Op. 78,
'Organ' - 2A.
Allegro Moderato,
Presto.wav
04-Saint-SaënsSymphony #3 In C
Minor, Op. 78,
'Organ' - 2B.
Maestoso, Allegro
Molto.wav
03-Saint-SaënsSymphony #3 In C
Minor, Op. 78,
'Organ' - 1.
Adagio, Allegro
Moderato, Poco
Adagio.wav
04-Saint-SaënsSymphony #3 In C
Minor, Op. 78,
'Organ' - 2.
Allegretto
Moderato, Presto,
Maestoso.wav

MTT/SFS

-22.4

22.6

-0.1

PLR
(peak-toloudness
ratio)
22.7

Haithcock/Baylor

-16.5

18.9

0.1

18.8

MTT/SFS

-19.9

25.7

-0.1

25.7

MTT/SFS

-15.4

20.1

0.1

20.1

Parrott/Taverner Consort

-23.1

9.2

-8.5

17.7

Latry/Nagano/Montreal SO

-21.5

23.8

-1.7

25.5

Latry/Nagano/Montreal SO

-32.0

17.3

-10.1

27.4

Latry/Nagano/Montreal SO

-22.0

18.4

-1.0

19.4

Latry/Nagano/Montreal SO

-15.5

19.3

-0.1

19.4

Biggs/Ormandy/Philadelphia

-22.8

19.2

-3.2

22.4

Biggs/Ormandy/Philadelphia

-18.8

17.0

-0.4

17.4
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DAB Radio
News And Views
By Bernie O’Neill, Project Director, WorldDAB

DAB+ For Emergency Broadcasting And Warnings
Emergency warnings via DAB+ can
provide critical, real-time messaging—
alerting communities of impending disaster situations and providing a coordinated
source of information in recovery situations during and after the incident.
Broadcast radio’s strengths make it
uniquely helpful in times of emergency:
free to air, reliable, robust, portable, in
vehicles—and congestion is not an issue. Broadcast radio
systems are designed to be robust to ensure reliable operation even in the most demanding situations.
Radio Broadcasters Are Critical Information
Providers In An Emergency
An emergency warning is a message to alert the community of an impending emergency. Radio broadcasters are

critical providers of information in emergency situations
and have an inherent duty of care commitment to the public. The quantity of that information is dependent on the
circumstances. Regular updates can be provided on a factory fire or toxic spill regarding access to affected areas and
support measures or for floods or cyclones, while continuous information can be provided on what to do to be safe,
where to go and not to go, where to find stores and provisions, the status of service outages and so on.
The amount of time available to warn communities is dependent on the incident, and with the emergency can be predicted days in advance or give only hours or minutes of warning time when they occur. Terrorist attacks, earthquakes and
volcanic eruptions often occur with no warning time at all.
Emergency warnings are generally issued by an official organization such as a government department, and such bodies often receive input from the impacted community which

Figure 1.
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can provide “on the ground” observations in rapidly developing situations. While emergency warning alerts and information can be provided via mobile phone networks, these are
often the first information source to fail in an emergency due
to congestion and power failures.
How Can DAB+ Help In An Emergency?
The DAB+ emergency warning feature—Alarm Announcement Switching (AAS)—provides the ability to redirect DAB+
receivers to play out a predefined radio service which delivers emergency information. This AAS emergency warning
feature is appropriate for urgent situations where warning
messages need to reach audiences as soon as possible, for
example, within tens of minutes. For longer warning periods,
e.g. more than one hour, it is more appropriate to warn the
public about a situation verbally via the radio commentator.
When the emergency situation has subsided, AAS is deactivated, and receivers return to their previously selected service.
An EU Directive (EECC1 effective from December 2020)
requires that all in-vehicle radio receivers in Europe must include digital terrestrial radio. The DAB+ Minimum Requirements technical standard2 requires that all receivers include
the AAS feature. As Europe drives the receiver market and
most receivers delivered to other parts of the world are derived from those products, the AAS feature will effectively be
included in receivers worldwide from 2020.
While verbal warnings are the backbone of emergency warning communications, the increasing availability of radio receivers
with multimedia capabilities and color screens allows the display
of images such as maps of affected areas and critical informa-

tion such as the location of shelters or supplies, as shown in
the example image in Figure 2. This feature is supported by the
growing number of car models which include DAB+ as standard.
Implementing DAB+ For Emergency Warning
A DAB+ ensemble (also known as a multiplex) is a grouping of program and data services (usually about 18) which
is processed and transmitted. The DAB+ Minimum Requirements technical standard states that the AAS feature must
operate on the current ensemble and not rely on being able
to switch to another ensemble. This ensures that both public service and commercial broadcasters are coordinated.
Alarm Announcement Switching should be controlled by the
managers of the multiplex systems under direction from the
relevant emergency service organization and with the full cooperation of broadcasters.
There are several ways that Emergency Warnings can
be delivered. Broadcasters are proactive in times of emergency, and where there is sufficient warning of an impending
public emergency, they will provide suitable verbal information. When the warning time is short, verbal information
is augmented with the DAB+ AAS feature to help ensure
that all possible listeners receive the emergency information. This is done on all ensembles in the area affected by
the emergency.
Another option is to use the feature known as Other Ensemble (OE) switching, where a receiver can be instructed
to switch to a service on an alternative ensemble. This is
not recommended, as OE switching has been implemented in
only a limited number of receivers.

Figure 2.
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A further option is the possibility of implementing Automatic Wake-up of receivers. This requires a receiver to remain in standby mode and to regularly wake-up parts of the
receiver to check for AAS switching messages. While this is
technically feasible, there are no current implementations of
DAB+ receivers with this feature, and to do so would require
significant engineering to bring to market. This feature would
result in higher power consumption, which can be an issue
for battery-powered receivers.

is required, typically of the order of minutes to an hour ahead
of a disaster or immediately after a disaster has occurred.
The use of the emergency warning mechanism needs to
be carefully managed and used in collaboration with the
relevant authorities. Broadcasters, network service providers and emergency services work need to collaborate
to formulate and agree when and how the mechanism is
to be used.
Further information on DAB+ for emergency warning can
be found at https://www.worlddab.org/dab/emergency-warning

In Summary
DAB+ includes an emergency warning feature—Alarm Announcement Switching—which redirects receivers to a specific service. This feature can be used when rapid notification
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BMSB_2022
June 15th – 17th, 2022. Bilbao, Spain
The IEEE International Symposium on Broadband Multimedia Systems and Broadcasting 2022, the 17th in the series, will be held in Bilbao. The symposium will be a
premier forum for the presentation and exchange of technical advances in the rapidly converging areas of multimedia broadcasting, telecommunications,
consumer electronics, and networking technologies. Prospective authors are invited to submit previously unpublished technical papers to one of the four Regular
Tracks.

Multimedia Transmission
# Channel modelling & simulation
# Channel coding, modulation, multiplexing
# Advanced signal processing for
transmission
# MISO and MIMO processing
# Channel estimation and equalization
# Antenna technologies
# Propagation and coverage
# Terrestrial and satellite delivery
# Mobile TV and advanced HD Radio
# Field Trials and test results
# Next-generation of broadcasting
standards
# 5G: New Radio & New Core
# Making better use of the spectrum
# AI based signal processing
# Technologies beyond 5G

# IPTV and streaming
# Internet TV and OTT
# LTE eMBMS, MooD & SCPTM
# VoD, interactivity, datacasting
# Multimedia NFV & SDN
# Traffic and performance monitoring,
congestion control
# Networking and QoS
# Cloud based multimedia services
# Cloud and Content management
# Broadcast Core Network
# AI for Multimedia Networking
Intelligence

# Audio coding and processing
# Video coding and processing
# Content adaptation and scaling
# Error resilient and concealment
# Rate control
# Retrieval and indexing
# 3D, virtual reality, multiview video
# Immersive audio
# Content protection and watermarking
# Objective video and audio quality
assessment
# Artificial intelligence in media processing
# Scalable video coding & Content
adaptation

Prospective authors are invited to submit extended abstracts of about 1000 words to:
https://easychair.org/conferences/?conf=bmsb2022
Each abstract must include at least two key words chosen from the topics mentioned
above. All accepted and presented papers will be submitted for inclusion in IEEE Xplore®.
Best conference paper and best conference student paper will be awarded.

General Chair
@ Jon Montalban Sanchez (UPV/EHU, Spain)

bmsb2022@ehu.eus
https://bmsb.ieee-bts.org
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# Multimedia datacasting - Multimedia
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# Broadcast applications to Smart Cities
# Multimedia service deployments
# Performance evaluation techniques
# Objective evaluation techniques
# Subjective evaluation techniques
# Audience measurement & behavior study
# Object based broadcasting
# Quality of Experience
# Future broadcasting services
# Convergence of Broadcast and Broadband
# AI for Advanced Multimedia Service
Management
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Submission of extended abstracts:
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Notification of acceptance:

February 28th, 2022

Submission of full papers:

April 15th, 2022
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@ Sung-Ik Park (ETRI Korea)
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DRM Consortium
Releases Energy
Savings
Calculator Tool
By Simon G. Keens, Sales and Business Development Manager,
Ampegon Power Electronics AG Baden, Switzerland
Following on from the recent successful demonstrations
and tests of DRM digital broadcasting in India, and previous
tests in Brazil, Pakistan, Indonesia, and Russia, there is now a
renewed focus upon the benefits of using digital DRM for fully
integrated broadcast networks comprised of multiple transmitters. This, of course, brings DRM’s green credentials—its
energy efficiency and cost savings—into focus. When considering networks of high-powered transmitters, the significant energy savings that DRM provides will both reduce CO2
emissions and pollution from electricity generation and, very
importantly, given the current global energy situation, could
save broadcasters thousands, or even millions, of dollars in
annual operating expenses.
Very much with this in focus, the DRM consortium has
recently developed an online energy savings calculation
tool specifically to highlight just how much energy can be
saved if broadcasters switch over to broadcasting DRM
(more information is available in the press release at this
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web address: https://www.drm.org/drm-announces-new-energyefficiency-calculator/).
Accommodates Single Or Multiple
Transmitter Configurations
The tool is designed to calculate the savings possible
with a network of as many as 10 transmitters operating in
any of DRM’s bands: FM, SW or MW. It then automatically
produces a short summary report to distribute to management, colleagues or even policy makers on a local, regional
or national level. Using power consumption and efficiency
data provided by radio transmitter manufacturers, the tool
models the energy usage of a broadcaster’s existing transmitter infrastructure and calculates current annual electricity budgets, based upon time-on-air for each transmitter. It
then proceeds to calculate power requirements to provide
equivalent-or better coverage using ITU signal strength calculations and information about DRM transmitter efficiency

www.ieee.org/bts

12/16/21 11:00 AM

42

from manufacturers. Side-by-side, these calculations allow
broadcasters, and others interested, to determine percentage savings that can be made simply by switching from
analog broadcasting to DRM, with respect to either each
transmitter, or per content channel. (Recall that with DRM,
multiple content streams—up to three audio streams and a
data stream for each frequency—can be sent from the same
transmitter.)
Using the tool is quick and simple since it is accessed via
the Internet through your web browser. Upon opening, a
comprehensive instruction page appears that will guide you
to enter your broadcaster-specific data needed for calculations.
The DRM Consortium’s Efficiency Calculator webpage
(the link is available latter in this article) also features a fiveminute tutorial video showing how to use the tool, should
there be any confusion. Simply by entering transmitter
types, power ratings and usage data in the places indicated,
the tool can immediately provide a detailed analysis of your
broadcast network. Once all the calculations are complete,
a compact three-page report is automatically generated.
This includes executive summary, graphical representations
of potential savings, a detailed analysis, and full methodology
for the calculations. This report can be saved as a pdf and
downloaded for personal use.
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Confidentially Is Assured
Since details of broadcasters’ transmitter infrastructure
are commercially sensitive, the DRM Consortium have made
arrangements so that the tool can be used individually and
confidentially. To request access to an individual copy of it,
users should first email projectoffice@drm.org. The Consortium will then setup a personal copy of the tool on their
server which can only be accessed via a link which is sent
to the user by email. Use of the tool is not monitored by
the DRM Consortium, and any reports generated are accessible only by the user. It is thus the user’s choice whether
the generated reports remain confidential or shared with the
Consortium or others.
Scrutiny and trust are important to the DRM Project, as
DRM’s founding principle is to manage a published open standard which is freely available for use anywhere in the world
without the possibility of private-control and/or royalty fees.
In keeping with this principle, the energy savings tool has
been designed to be transparent and freely accessibly to all
interested parties. All calculations are explained and shown in
plain sight of the user. Experienced users of Excel can check
the formulae used to complete the calculations, meaning that
they can all be reproduced with minimal effort, a pencil and
paper and a calculator, and the conclusions can be confirmed
independently, if required.
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In fact, given how the DRM Consortium’s work is mostly
done by members outside their regular work, we would
welcome your involvement to further develop the standard
and any (and all) related tools. Any feedback, criticism or
development requests are encouraged. (Thanks to those
who have already spotted and reported bugs which have
been fixed.) Currently version v1.12 is released, and a new
version with multilanguage functionality is expected soon.
In addition to English, it will initially support the French,
German, Italian and Spanish languages to improve accessibility around the world.
For more information about the DRM Efficiency Savings Calculator tool, please visit https://www.drm.org/

energy-efficiency-calculator/ To use the tool securely on
the DRM server simply email the DRM Project Office
(projectoff ice@drm.org) for your own personal specificaccess link.
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Women In Broadcast
Hosted By Samina Husain, BTS AdCom Member
I hope you and your families are continuing to keep healthy and safe. We look back at very challenging
times in 2021, with the impacts of the pandemic. The times have improved, vaccinations are rolling out, but
we continue to stay precautious. Despite the challenging times there have been significant activities and contribution from the broadcast industry. We hope to meet again at 2022 NAB in Las Vegas, where BTS has put
together a technical session with leading global industry experts and continues to provide the latest developments in broadcast technology.
In this, the last edition of Broadcast Technology for 2021, we have a few highlights of the past year and
the year 2022 ahead. My thoughts focus on young girls, mentorship and women in engineering.

Day Of The Girl
On October 11, we celebrated the International Day of
the Girl, as declared by the United Nations. In recognition of
this day and girls, the IEEE Future Directions, Future Technology Forum, held a webinar The Digital Inclusion Roundtable,
it was a 90-minute, virtual event titled: “Digital generation.
Our generation: equity and inclusion to bring a digital revolution for all.”
According to the United Nations, our world is home to
more than 1.1 billion girls under the age of 18, and they are
poised to become the largest generation of female leaders, entrepreneurs, and change-makers the world has ever
seen. However, there is a significant knowledge gap on the
digital realities.
The roundtable event touched on various factors that
need to be addressed to close the digital gender gap. Each
member of this unique panel—teacher, student, industry
expert and gender champion—addressed the inequity and
exclusion that takes place, and actions needed to bring a gender-balanced digital revolution for all.
Please view the on-demand session at https://cmte.ieee.org/
futuredirections/.
Mentors And Mentees, Are You Interested?
A couple of months ago, I had the honour and pleasure to
be a guest speaker at a virtual meetup to share my experience, career and challenges, and listen to a panel of young and
dynamic professionals in the broadcast industry. This event
was organized by RISE Women in Broadcast (https://risewib.
com). Their focus is on the broadcast media and entertainment technology sector, specifically within the areas of engineering, technical operations, sales, marketing and business.
Their goal, with a focus on women, is to achieve a diverse and
gender balanced workforce. RISE has a mentoring program
that runs in the United Kingdom, North America and APAC.
In addition, recently RISE, in partnership with ktn-uk.org
a UK organization with deep expertise in various sectors of
technology and innovation, produced a report, The Rise Women in Leadership Survey and Report 2021. This report is based
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on a 2021 survey that shares career experiences to family
commitments. The report highlights key findings for understanding, identifying, and guiding women to become successful leaders in the broadcast technology sector. In addition,
it provides guidance in developing initiatives and programs
to encourage and support women to reach senior positions.
Regarding mentoring, the report notes the relevance
and high value of mentoring and reverse mentoring at work,
which is suggested for a broad age range. Inclusiveness is
critical, and mentors should have varied backgrounds with
different experiences.
Gender balance across technology industries globally remains a challenge. If you are interested in contributing to and/
or participating in RISE, please read the complete survey report that’s available on the https://risewib.com website. This is
also where details can be found regarding the Mentor program.
Celebrating The 25th Anniversary Of WIE
In 2022, we will celebrate 25 years of IEEE Women in
Engineering (WIE), and as part of the celebrations IEEE
WIE will offer a competition for innovative ideas on specific
women issues:
• Smart childcare and education
• Elderly communication and senior safe living
• W-medicine, mental health aid, and security for women
• Sustainable environment solutions in rural and urban
areas
The ideas will be evaluated by a panel of women scientists
and will be presented during an “Around the World 25th
Anniversary-day” Virtual event. The winners will be invited
to present their ideas in a dedicated session at the International Leadership Conference in San Diego, California in June
2022. Details can be found on the WIE@25 website: https://
wie.ieee.org/wieat25/
WIE marks the 25th anniversary of IEEE Women in Engineering, with a full year of celebrations and key moments
planned to reflect on the great progress and achievements
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made by women in STEM within the IEEE. In addition to the
competition, there will be multiple events that will take place
throughout 2022 to recognize this milestone year.
The occasion will also celebrate the friends, colleagues and
mentors who consistently support women along their path.
The WIE 25th anniversary sub-committee announced the
portfolio of activities that will start with reflections by the past
and current WIE chairs, who have led the committee since its
formation in 1997. Another key event involves the participation
of WIE scientists and innovators who will have an opportunity
to enter a competition and showcase their work at the upcoming IEEE WIE International Leadership Conference (ILC).
Also, to be noted is a special 25th anniversary virtual
seminar series with “Extraordinary Science by Extraordinary Women” from IEEE Societies, which will kick off in
January 2022. This sample of events is far from being exhaustive. Societies and Affinity Groups in all regions will
have celebratory events. The award-winning IEEE’ Wom-

en in Engineering magazine will also highlight the anniversary activities.
25th Anniversary 2022 Programs:
• March: 12-hour online event covering all regions with
presentations
• June: IEEE Women in Engineering International Leadership
Conference
• December: Special Edition of the WIE Magazine
IEEE WIE is a global network, and connects nearly 20,000
members in over 100 countries to advance women in technology throughout their life and career. The latest information will be posted on https://wie.ieee.org.
Tell us your stories—please reach out and share your
thoughts of women in engineering/broadcast, recognizing
their extraordinary contributions and achievements via the
IEEE BTS’s email address, bts@ieee.org.

From The Editor
continued from page 4

in connection with John’s story. Scott has been visiting and
photographing broadcast transmitter installations since the
1980s when he was “just a kid.” Perhaps you know Scott’s
calendar even if you haven’t met Scott. This is a specialty
publication, designed for those of us who can’t get our fill of
looking at broadcast transmitters in “on-air” settings. Scott
has been publishing his “Tower Site” calendar for 20 years
now, and the new release (2022) features a salute to those
U.S. radio stations that are celebrating their centennial year
of operation, as 1922 is considered to be radio’s “boom
year,” with stations first began taking to the air in great
numbers. The calendar includes salutes to WDRC in Hartford, Connecticut; KRE (KVTO) in Berkely, California; and
WLB (KUOM) in Minneapolis, Minnesota. Scott’s calendars
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always make a nice and thoughtful holiday gift for anyone in
our business, and may be ordered directly from his website:
https://www.fybush.com/store/2022calendar/.
In parting, I wish for a better year ahead for all of us.
Hopefully, 2022 will also go down in the history books as the
one in which the pandemic ended and “the lights truly went
on again all over the world.”
Stay well!
James O’Neal
Editor
Broadcast Technology
IEEEBTSeditor@gmail.com
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ITU Workshop Examines TV’s
Future In Asia Pacific Region
By Amal Punchihewa
The International Telecommunication Union (ITU) organized a workshop to be held in Tokyo, Japan in April 202,
with the goal of encouraging dialog among stakeholders in
the various regions of the world and to discuss the future
of Television, with an Asia-Pacific focus. It was to have been
hosted by the Ministry of Internal Affairs and Communications (MIC), Japan. However, due to the global Covid-19 pandemic, it was decided to move the workshop to a virtual
platform, and it was rescheduled for April 23, 2021.
The ITU workshop (“The future of TV for Asia & Pacific”) was jointly organized by the three Sectors of the ITU
(Radiocommunication: ITU-R; Standardization: ITU-T; and
Development: ITU-D), and focused on the diverse emerging
broadband and broadcast technologies, including cable TV,
intending to assist countries in the Asia/ Pacific region in assessing new challenges, dynamics and opportunities.
Workshop discussions were cantered on the future of television in the region with relevant stakeholders from both the Asian
and Pacific regions, as well as those of other nations, and covered regulatory and policy frameworks, emerging and convergent
ICT infrastructures and services, as well as user interfaces and
accessibility issues. It also provided an opportunity for discussing TV-related regional and international standardization, and to
share best practices and case studies on cable TV implementations and other new TV services. The participants were from the
ITU Member States, Sector Members, Associates, ITU Academic
Institutions and individuals from ITU member countries.
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Taking A Look At Where The
Medium May Be Headed
The workshop offered three sessions focusing on (1) The
Future of Television Policy and Standardization, (2) The Future of the Television User Experience and Applications, and
(3) The Future of Television Delivery Systems. The first session featured a short presentation by the chair of each of the
ITU Study Groups 6, 9, 16 and also the Vice Rapporteur for
ITU-D SG1 Q2/1. The recording of all three sessions and four
detailed presentations by the chair of the ITU Study Groups
mentioned above and the Vice Rapporteur for ITU-D SG1
Q2/ 1 can be accessed via the ITU event website.
In the first session, 10 panellists shared their views about the
future of television. They based their arguments on studies and
research work they’ve been doing within the ITU Study Groups
and individual regulator organizations in respective countries.
Among all three sector views, the chair of the Study Group
6, Dr Yukihiro Nishida highlighted that SG-6 of the ITU Radio
sector has carried out a large number of studies and published them on the ITU website. Those publications can be
accessed free of charge and provide the industry with an update on trends and technical details. Nishida also mentioned
that television has been making impactful advancements and
has been evolving over many decades. The regulator from
Vanuatu highlighted the changes that small island nations face
in providing broadcast services.
All panellists were of the view that television is continuing
to serve its audiences and the public globally while adapting to the changing environment by adopting the appropriate
technologies. A number of panellists noted with pride noted
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the public assistance rendered by the over-the-air broadcast services during this pandemic by communicating heath,
emergency and educational information. The Thailand regulator NBTC noted that they are working on an educational
broadcast service to support remote learning for children
who cannot attend face-to-face classroom sessions. The
moderator, Amal Punchihewa, acknowledged similar actions
by many broadcasters in introducing “pop-up channels” or
additional services to facilitate distance education.
Detailed Information Available At Host’s Website
A comprehensive account of the work carried out by
each of the ITU-R SG-6, ITU-T SG-9 and 16 groups, and
also the ITU-D SG1 Q2/1 group, is available as detailed
video presentations from the respective panellists via the
ITU event website. Several presenters highlighted those
broadcasters who have offered their content on multiple
platforms as complementary delivery mechanisms to overthe-air broadcasting. The proceedings of the workshop are
accessible on-demand from the ITU event website with
closed captions. During the live event of the workshop, the
participants were provided with live transcriptions. This is
another achievement of the broadcast industry where studies and harmonization work in improving accessibility by
utilizing emerging technologies such as artificial intelligence.
During the pandemic, many broadcasters have been more
attentive to providing closed captioning for the hearing-impaired and others who find it hard to follow conversations.
Despite the pandemic, studies and advances in broadcasting
technologies have been taken place, although some have been
slowed down due to health protocols. The ITU Study Group
6 (SG6) has been leading the international standardization of
broadcasting technologies from the production of programs to
the delivery of content to audiences. To achieve this goal the

work of Study Group 6 is conducted in three working parties,
namely, 6A, 6B, 6C, along with one task group 6/1 (TG6/1).
Each of the working parties and TG6/1 is responsible for the
different technological areas in the broadcasting value chain,
addressing end-to-end. With the three working parties, Study
Group 6 (SG6) studies various technical areas in the complete
end-to-end broadcasting value chain, including program production, transmission, reception, and presentation, as well as
quality and the measurement, production operations and access media. SG6 also takes an active role in three inter-sector
rapporteur groups and looks at new and emerging program
creation techniques and technologies.
Working Party 6A (WP-6A) was established to study
terrestrial broadcasting delivery for sound, television, and
multimedia. This includes channel coding and modulation;
antennas, transmitter and receiver; spectrum utilization and
sharing; protection of broadcasting from interference; evaluating methods of service areas and emergency broadcasting.
Working Party 6B (WP-6B) has been entrusted to study
broadcast service assembly and access. This covers program
production and emission, including interfaces in the production, file format, metadata, source coding, multiplexing and
transport, access control, middleware and service information, multimedia and interactivity, integrated broadcastbroadband (IBB) systems and requirements for delivery and
distribution. The Working Party 6C (WP-6C) has the task at
the presentation layer or baseband layer for sound and television broadcasting. This includes the acquisition of video and
sound and signal representation, recording and archiving and
international program exchange, methods to evaluate sound
and picture quality. It is also important to guarantee the quality of service (QoS). Moreover, Working Party 6C, together
with Working Party 6B, is moving forward on improving accessibility to audiovisual services and personalization.

The Session One Panel engaged in a discussion about the future of television policy and its standardization.
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The Task Group 6/1 was established after the Radiocommunication Conference held in 2019, with a specific agenda item related to the Radiocommunication Conference (WRC23) to be
held in 2023. The purpose of this agenda item (1.5) is to review
spectrum use and spectrum needs of the existing services within the UHF band and to consider possible regulatory actions in
the UHF band in Region 1. Study Group 6 plays an active role in
co-chairing three inter-sector rapporteur groups, with each of
the groups enabling cooperation between the three ITU sectors
by taking the expertise from broadcasting program production
into new areas and helping coordinate new technologies for the
benefit of the audience. The deliverables include ITU recommendations, reports and handbooks, which can be downloaded
free of charge from the ITU website, as previously mentioned.

SG6 currently maintains more than 400 documents,
and continuously develops new documents and revises existing document, if required. SG6 is one of the most productive study groups in the area of ITU recommendations,
and its reports on emerging technologies are very popular.
In the topic of the future of broadcasting, the innovative
work in the area of broadcasting by the working parties is
acknowledged.
Broadcasting’s Importance—Especially In
Times Of Crisis
The audience also recognized such a valued role that
broadcasting plays in all our lives by providing news, entertainment and education during both good times and hard

Session Two panelists discussed the future of television user experience and applications.

Session Three panelists probed the future of television delivery systems.
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times. Broadcasting has shown its resilience and effectiveness, especially during this pandemic and the lack of direct
social interaction that has come with it.
Recent studies on broadcast and media production and
delivery have demonstrated that the value of the work carried out over the years has never been more important to all
nations and people than at the present time. Remote production has been deployed where possible, and its efficacy has
been tested. This technology enables broadcasting services
to continue while maintaining healthy working environments
and complying with Covid-19 health protocols. Broadcasters have always been expected to provide the best service

based on state-of-the-art technology, and their services have
evolved continuously to better serve the public through innovative new technologies. It is universally acknowledged
that broadcasting is an integral part of our everyday lives.
About the Author
Amal Punchihewa is a researcher, educator, advisor
and consultant in ICT, media, and broadcasting, and has
nearly four decades of experience in the industry, academia,
and research. He is a Chartered Professional Engineer and
Fellow of IET(UK), as well as a Senior Member of IEEE and a
BTS Distinguished Lecturer. He is also a AIBD consultant and
an advisor.

One of the most influential reference
resources for engineers around the world.
For over 100 years, Proceedings of the IEEE has been the leading journal for engineers looking for
in-depth tutorial, survey, and review coverage of the technical developments that shape our world.
Offering practical, fully referenced articles, Proceedings of the IEEE serves as a bridge to help readers
understand important technologies in the areas of electrical engineering and computer science.

To learn more and start your subscription today, visit

ieee.org/proceedings-subscribe
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ITU Report
By David Guerra Pereda, BTS Member

ITU-R Digital Terrestrial Broadcasting Systems
For Mobile Reception Update
The last meetings of the ITU’s Working
Party 6A, Terrestrial Broadcasting Delivery,
have produced draft revisions of ITU-R Report BT.2295—Digital terrestrial broadcasting
systems, and ITU-R Report BT.2049 – Broadcasting of multimedia and data applications
for mobile reception, in order to include the
so-called “5L” (LTE-based 5G Broadcast)
and “S” (ATSC 3.0) systems. In addition, the
technical aspects of system 5L are summarized in Recommendation ITU-R BT.2016, and the ones for the S system can be found
in Recommendation ITU-R BT.1877. An overview of the latter is
available in the Handbook on Digital terrestrial television broadcasting networks and systems implementation, as well. In accord
with this, the ITU Handbook was updated in October with information on system 5L.
While both systems include the latest audio and video
coding and compression systems, their main differences lie in
their distribution infrastructure. ATSC 3.0 is a second-generation DTTB system with a transport core that’s based on
IP, with the possibility of using multiple PLPs. It’s also based
on an OFDM signal with a range of configurable parameters
that enables reception in a wide variety of fixed and mobile
service scenarios, ranging from those with high robustness
to those that can deliver large payloads, including UHDTV.
LTE-based 5G Broadcast is a system developed within the
IMT ecosystem from a set of 3GPP specifications stemming
from Release 14, and completed in Release 16. These specifications include bandwidth of the IMT network dedicated
to Free-to-Air (FTA) and Receive-Only Mode (ROM) television and radio broadcast services, SFN deployments with
enhanced (compared to typical IMT deployments) distance
between sites, support for mobility reception in mobile environments with vehicle speeds as great as 250 km/h, also
support for IP-based services and streaming formats such as
Dynamic Streaming over HTTP, Common Media Application
Format, and HTTP Live Streaming. As to the frequency bands
that can be used for deployment, LTE-based 5G Broadcast
is limited to UHF spectrum, while ATSC 3.0 can operate in
both UHF and VHF bands.
Some Basic Differences Between ATSC 3.0
And LTE-Based 5G
The ATSC 3.0 system permits three options in terms of
radio channel bandwidth: 6, 7 and 8 MHz (if necessary to pro-
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vide additional throughput, these channels can be bonded in
pairs). The actual used bandwidth lies between the intervals
5.508 and 5.832 MHz, 6.426 to 6.804 MHz and 7.345 to 7.777
MHz, respectively, in order to yield net data rates ranging
from 0.93 to 77.2 mbps by means of following modulation
schemes: QPSK and non-uniform constellations of sizes 16,
64, 256, 1,024 and 4,096. LTE-based 5G Broadcast system in
turn, can work with six bandwidth values: 1.4, 3, 5, 10, 15 and
20 MHz, with used bandwidths of: 1.08, 2.7, 4.5, 9, 13.5 and
18 MHz, which allow net data rates—with a 200 µs cyclic
prefix—from 0.6 to 66 mbps by using QPSK and 16-, 64- and
256-QAM constellations. Considering the previous figures,
the spectrum efficiency of ATSC 3.0 lies between 0.26 and
10.36 bits per second per Hertz, while the efficiency of LTEbased 5G Broadcast ranges from 0.43 bits per second per
Hertz, giving consideration to the 200 µs cyclic prefix and
the overheads.
As far as the protection against delay and Doppler is concerned, the ATSC 3.0 system features values in the intervals
27.778 to 703.704 μs, 23.810 to 603.175 μs, 20.833 to 527.778
μs for the bandwidths of 6, 7 and 8 MHz, respectively. Subcarrier spacing values for 6-MHz bandwidths are 843.75 (8k),
421.875 (16k) and 210.9375 Hz (32k). For 8 MHz channels,
the corresponding values are 1,125, 562.5 and 281.25 Hz.
The total number of subcarriers per segment ranges from
6,529 to 6,913 in the 8k mode, from 13,057 to 13,825 in 16k
and, finally, in the 32k mode, it lies in the interval 26,113 to
27,649. The values for subcarrier spacing in the LTE-based 5G
Broadcast system are 0.37, 1.25, 2.5, 7.5 and 15 kHz; much
higher values in general than the ones for ATSC 3.0. Corresponding to each of these values, for the 1.4-MHz bandwidth
configuration, the number of subcarriers per segment work
out to: 2,916, 864, 432, 144 and 72, and the subcarriers for
the highest bandwidth (20 MHz) are: 48,600, 14,400, 7,200,
2,400 and 1,200 Hz. Finally, the guard interval values of the
system are 16.6, 33.3, 100, 200 and 300 μs; lower than the
values of the ATSC 3.0 transmission system. Another important difference can be found in the frame duration, with the
values in the ATSC 3.0 standard ranging from 50 ms to 5 s,
and the corresponding LTE-based 5G Broadcast system are
either 1 ms or 3 ms.
Finally, as far as error protection is concerned, the inner
FEC of ATSC 3.0 is implemented by means of LDPC codes
continued on page 51
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Career CBS Technology Leader
Henry W. Mahler Dead At 84
Developed numerous broadcast industry technologies
Word has been received of the passing of broadcasting
industry engineering icon Henry William Mahler on Oct. 5,
2021 at the age of 84. He was living in Newtown, Connecticut
at the time of his death. The cause of death was not reported.
Mahler spent much of his career with CBS Laboratories
(later known as the CBS Technology Center) in Stamford,
Connecticut, joining that organization in 1958 after his graduation with an electrical engineering degree from Stevens
College. Early on, he was part of the team that created the
much-revered CBS Labs Audimax and Volumax audio processing instruments that were used in numerous radio and
television stations in the United States and other countries.
Mahler’s audio work extended into the development of the
first metering device for measuring a human’s perception of
loudness, as well as an audio meter capable of accommodating a 60 dB range. He was also involved in the development
of the CBS 360 self-contained solid-state stereo audio recorder/player.
Mahler’s activities were not limited to audio, with an early
video project at the laboratory being the development of
a device for providing slow-motion and stop-action video,
which earned an Emmy Award in 1966. He also developed
the SMPTE color bar calibration signal and was recognized
for this accomplishment by the National Academy of Television Arts and Sciences in 2002.
Mahler’s long list of video engineering achievements also
include a digital noise reduction device and the CBS Action
Track device that allows viewers to follow the path of balls
used in sporting events, such as the track made by a golf ball
on a putting green or a football’s trajectory.

Following the closure of the CBS Technology Center,
Mahler continued his career with CBS as the network’s associate director of advanced technology at its New York City
engineering lab. There he became part of team that launched
CBS’s high-definition service in 1998.
During his longtime association with CBS, Mahler’s developments were not limited solely to audio and television,
as he also perfected a color light amplification and image intensification device for use with motion picture cameras. His
work in the area of cinema included studies of high-resolution
image capture that took place between 1985 and 2003, and
culminated in the presentation of a paper in 2003 that had a
major influence on the Hollywood film production community. In it, Mahler showed conclusively that the 1920 x 1080
high-definition video format was capable of delivering image
quality equal to, or better than, conventional 35 mm film.
In addition to his numerous industry awards and recognition, Mahler was a Life Fellow of the Society of Motion Picture and Television Engineers.
Survivors include his wife, Marilyn, and his children; Jeff, along
with wife Candy and son, Jett; Chris, along with his wife Lucy
and daughter Marissa; and Greg, along with his partner Diane.
A private service for Mahler was held by the family. No
details were immediately available. However, the family has
asked that Mahler be honored and remembered through donations made in his name to the Adirondack Council—an
Elizabethtown, New York nonprofit organization dedicated
to the “preservation of water, air, and wildlands.” Information
on making donations is available at https://donate.adirondackcouncil.org/product/INHONOR/gift-in-honor.

ITU Report
continued from page 50

with code rates varying from 2/15 to 13/15, while the outer
FEC can be suppressed, or implemented by means of CRC
(32-bit), or BCH. In this system there are both inner and outer
interleaving, with the former in time (convolutional and hybrid),
cell and frequency domains. In the LTE-based 5G Broadcast system, the inner FEC is performed by turbo codes with rate matching to the available capacity, and there is only outer interleaving.
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Since the launching field trials of both systems (these took
place in 2016 for the ATSC 3.0 system, and in 2019 for the LTEbased 5G Broadcast system), several tests have assessed and
proven the performance capabilities of both systems in all the
scenarios for which they were conceived. Nevertheless, minimum CNR values and other planning criteria have yet to be contributed to the ITU, especially in the most recent system scheme.
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Upcoming Events
of Interest to BTS Members
• Jan. 5–8, 2022

–

CES Show and Exhibition; Las Vegas Convention Center, Las Vegas, Nevada

• March 8–11, 2022

–

NRB 2022 Christian Media Convention - Gaylord Opryland Resort & Convention
Center, Nashville, Tennessee

• April 23–27, 2022

–

NAB Show and Exhibition; Las Vegas Convention Center, Las Vegas, Nevada

• May 20–22, 2022

–

Dayton Hamvention 2022; Greene County Fairgrounds and Expo Center,
Xenia, Ohio

• June 7–9, 2022

–

ATSC Annual Member Meeting and NextGen Broadcast Conference; (venue not yet
announced; check event website for information as it becomes available)

• June 8–10, 2022

–

AES International Automotive Audio Conference; Detroit, Michigan (see event website
for details)

• June 8–10, 2022

–

BroadcastAsia 2022; Suntec Singapore Convention & Exhibition Centre

• June 15–17, 2022

–

IEEE International Symposium on Broadband Multimedia Systems and Broadcasting;
Bilbao, Spain (see event website for details)

• Aug. 15–17, 2022

–

Audio Engineering Society AVAR (Audio For Virtual & Augmented Reality)
Conference; Redland, Washington (see event website for details)

• Oct. 13–15, 2022

–

Broadcast India Show; Bombay Exhibition Centre, Mumbai, India

(IMPORTANT NOTE: Due to the on-going global pandemic; all of the event dates and locations listed above
are subject to change with little notice, with many events being cancelled, rescheduled or postponed. When
making plans to attend any of these trade shows, conferences, or meetings, always confirm details with event
organizers first.)
If you have information on broadcast-related events that may be of interest to other Broadcast Technology Society members, please submit
them at least three months in advance to the Broadcast Technology editor at BTSeditor@ieee.org.

Newsletter Deadlines
The BTS Newsletter welcomes contributions
from its members. Please for ward materials
you would like included to the editor at BTSeditor@
IEEE.org. Here are our editorial deadlines for
upcoming issues:
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Issue

Due Date

Quarter 1
Quarter 2
Quarter 3
Quarter 4

Jan. 10, 2022
Apr. 3, 2022
June 28, 2022
Oct. 31, 2021
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What’s New
Broadcast Technology presents new product releases from
broadcast equipment manufacturers
8K Fiber Transport
Lynx Technik has announced the addition of an 8K fiber
transmission system to its line of yellobrik products. The
model OTR 1A42 accommodates the transmission of uncompressed 8K video content for distances of more than 6.2
miles (10 kilometers) with no degradation or losses. The 8K
video is sent via four separate 12G SDI links and supports
resolutions as great as 7680 x 320 at a 60 Hz rate. The system provides reclocking of each of the four paths to ensure
accuracy of delivery.
The OTR 1A423 is supplied as a standalone kit that includes an 8K optical transmitter, an 8K optical receiver and
a power supply.

connectivity, as well as data bridging for control, tally or IP
device operation, and more It provides robust and error-free
transmission via cellular, leased IP lines, public Internet, or
satellite circuits with a low end-to-end latency.

For additional information, please visit Aviwest at www.
aviwest.com.
Media Platform Tool
TAG Video System’s new Realtime Media Platform provides the necessary tools and components to allow users
to construct permanent linear media systems. It provides
monitoring, aggregation, and management functions, and
utilizes data-driven view analytics to allow users to make
informed and intelligent decisions in creating an enhanced
viewer experience.
The Realtime Media Platform is comprised of multiple levels and is constructed around TAG’s multichannel monitoring
For additional information, please visit Lynx Technik at
www.lynx-technik.com.
Live Remote Production Encoder
Aviwest’s new Rack400 multicamera encoder supports
4K UHD and multicamera workflows, accommodating as
many as four high-resolution video sources. It provides both
H.265/HEVC and H.264/AVC compressions, facilitating operations with new and existing infrastructures.
The Rack400 features frame-accurate synchronization,
eight-channels of audio, 1080p50/60 return video for highquality monitoring or prompter feeds, full-duplex intercom
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(MCM) software platform that provides information of every
type of live production signal, with real-time virtualization
across the entire video enterprise, and a deep probing into
the health of the signals and the networks transporting them.
For additional information, please visit TAG Video Systems at www.tagvs.com.
Live Production Platform Update
Chyron has announced the release of an update for its
Prime Live Platform. Prime v4.1 includes Prime Commander,
a new automated production control module that facilitates
automation of production operations, and also provides additional video and audio mixing capabilities for the Prime
Switcher module.
The enhancement also adds a clean feed output desired
in sports and news broadcast applications, as well as a Windows-based video input management interface and a dedicated configuration screen to facilitate management of timing,
delay and synchronization between input and output sources.
New features also include support for mix-minus audio outputs, and “Audio Director” audio level detection to provide
intelligent video-follow-audio switching operations.

while the 9927 card accommodates four independent paths
of SDI-to-HDMI video.
Both converters feature input and output audio crosspoints
to allow program sourcing and distribution across the converted signal path, as well as control of genlocked or freerunning outputs. On-board color correction capability is
also available as an option.
For additional information, please visit Cobalt Digital at
www.cobaltdigital.com.
32-Channel Multiviewer
For-A ‘s new MV-3240 multiviewer 32-channel supports
customized display layouts with as many as 25 windows. It accommodates both SDI and HDMI video signals and units can
be cascaded to provide low-latency input expansion.
The device features a space-saving 1RU profile and includes many of the features found in previous For-A multiviewers, with display of timecode, tally, and title information, as well as a built-in layout manager for creating and
storing customized display layouts. As many as four logos
can be stored for display, and audio level display and flashing borders or “error” icons are available to flag abnormal
signal conditions.

For additional information about the Prime Live platform,
please visit www.chyron.com.
Format Converters
Cobalt Digital has added HDMI-to-SDI and SDI-to-HDMI converters to its line of openGear products. The new
cards include on-board frame synchronization and proc
amps to provide correction and adjustment of signal parameters. The 9926 card handles provided two independent channels of HDMI to SMPTE 424M, 292M, or 259M,
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For additional information, please visit For-A at www.for-a.
com.
18G HDMI UHD Video Extender
Bluestream’s new 18 gbps HDMI over HDBaseT extender
set provides transport of 4K HDMI UHD video and audio
at distances as great as 328 feet over CAT-6a cables. The
HEX18G-Kit, consisting of Bluestream’s HEX18G-TX transmitter and HEX18G-RX receiver, supports the HDMI 2.0 18
gbps specification, including uncompressed/unconverted 4K
60Hz 4:4:4 UHD video, and HDCP 2.3/2.2.
The extender set features reclocking of the HDMI signal
to help resolve HDMI HDCP compatibility and handshaking
issues, and supports all known HDMI audio formats, including Dolby Atmos, Dolby TrueHD, Dolby Digital Plus and
DTS-HD master audio transmission. The devices also provide bidirectional RS-232 signaling and support power over
cable (PoC) requirements.
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In addition, new and existing SAM-Q-SDI users can add an
additional MADI monitoring license that allows one or both
SDI inputs to be easily switched to and from MADI sources.
The recent enhancement also includes a free configuration
tool that enables users to create and modify configurations
via a PC.
For additional information, please visit TSL at www.tslproducts.com.

For additional information, please visit Bluestream at www.
blustream-us.com.
Audio Monitoring Platform Enhancements
TSL has announced updates to its SAM-Q audio monitoring platform, which provides continuous unattended
monitoring in a secure fashion. The SAM-Q-SDI system now
includes additional features, including audio phase metering
and loudness monitoring, along with logging and monitoring
of audio being transmitted via an Ethernet network.

Modular Thunderbolt Expansion Systems
Sonnet Technologies has announced the addition several
new entries to its line of Thunderbolt expansion systems.
Among these are the DuoModo eGPU module and the DuoModo xMac mini Module.
The DuoModo eGPU supports full-length/full-height 2.5slot GPU cards, and is equipped with dual temperature-controlled variable-speed fans to provide both efficient and quiet
cooling of the installed cards.
The DuoModo xMac mini module securely holds an Intel
or M1 Mac mini computer to allow mounting in a desltop or
rackmount enclosure. It includes a Thunderbolt 3 (40 gbps)
storage dock with three USB ports (two USB-C and one
USB-A) as well as a Thunderbolt 3 port available on the front
panel of the unit.

For additional information, please visit Sonnet Technologies at www.sonnettech.com.

Broadcast Technology

nbts_4thQtr-dummy_v5.indd 55

www.ieee.org/bts

12/16/21 11:01 AM

56

Important Letter to the IEEE Broadcast
Technology Society Membership
From the desk of the IEEE Broadcast Technology
Society President Ralph Hogan
The IEEE Broadcast Technology Society Administrative
Committee has been working hard to make improvements
to the Constitution and Bylaws that govern the society in accordance with the recent IEEE BTS Society review that took
place in 2021. Below are the revised Constitution and Bylaws
of the IEEE Broadcast Technology Society. If you have any

questions or concerns regarding these changes, please contact the BTS Staff at bts@ieee.org
Thank you
Ralph Hogan
IEEE Broadcast Technology Society President

IEEE Broadcast Technology Society
Constitution
28 October 2021 – 1st BTS Adcom approval
02 November 2021 – Technical Activities,
Vice President: Roger Fujii approval
09 December 2021 – 2nd and final BTS Adcom approval

Article I - Name and Object
Section 1. This organization shall be known as the IEEE
Broadcast Technology Society.
Section 2. The Society's purpose shall be scientific and educational in character. The Society shall strive for the advancement of the theory and practice of electrical and electronic
engineering and of the allied arts and sciences and for the
maintenance of high scientific and technical standards among
its members, all in consonance with the Constitution and Bylaws of the IEEE and with special attention to such aims within
the field of interest of the Society, as hereinafter defined.
Section 3. The Society shall aid in promoting close cooperation and exchange of technical information among its
members and affiliates, and to this end shall hold meetings
for the presentation and discussion or original contributions, shall publish Transactions reporting advances within
the scope of the Society, establish standards, and through its
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committees, shall study and otherwise provide for the needs
of its members and affiliates.
Article II - Field of Interest
Section 1. Broadcasting is a one-to-many communication
service in which the transmissions are intended for direct reception by the general public or a target audience, which may
include audio, video and/or data services. The field of interest of the Society shall encompass devices, equipment, techniques and systems related to broadcast technology, including
the production, distribution, wired and wireless transmission,
propagation aspects and reception.
Section 2. The field of interest of the Society may be enlarged, reduced, or otherwise revised as the needs of the occasion indicate, in accordance with the process outlined in the IEEE
Technical Activities Board (TAB) Operations Manual. Such revisions shall be processed as an amendment to this Constitution.
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Article III - Membership
Section 1. Membership in the Society shall be available to
all members of the IEEE in any grade, including students, having an interest in the technology of broadcasting.
Section 2. Affiliates are members of the IEEE Broadcast
Technology Society and are not IEEE Members, as defined in
the IEEE Constitution. Affiliates may participate in the activities of the Society as specified by the IEEE Bylaws and subject
to the applicable IEEE rules and regulations and to any additional limitations imposed by the Society Bylaws.
Article IV - Events
Section 1. The Society may hold virtual or in-person meetings, conferences, symposia, or conventions either alone or
in cooperation with Sections, Regions, National Convention
Committees of the Institute, or other technical organizations.
Section 2. Meetings, conferences, or conventions of the
Society shall be open to all members of the IEEE and nonmembers.
Article V - Publications
Section 1. Publications undertaken by the Society shall be
subject to IEEE policies and to any further guidance or controls prescribed by the Administrative Committee or its duly
appointed committees. The Society shall be responsible for
the financial aspects of its publication program.
Section 2. The President of the Society, with the advice and
consent of the Administrative Committee, shall appoint such editors as may be required to implement the publication program.
Article VI - Financial Support
Section 1. The Society shall collect from each IEEE BTS
member and affiliate dues in accordance with IEEE Bylaws and
applicable rules and regulations. The dues shall be prescribed
in accordance with the Society Bylaws.
Section 2. The Society may make registration charges at
its meetings, symposia, conferences, and conventions. The
registration charges for non-members of the IEEE shall be
higher than for members.
Section 3. The Society may raise revenues by other means
such as, but not limited to, sales of advertising, sponsorship of
events, products at trade shows, requests for contributions,
and charges for sending publications to non-Society members,
provided such means are consistent with applicable IEEE rules
and regulations. Any new revenue means not explicitly covered by IEEE rules and regulations must be approved by the
IEEE before being adopted by the Society.
Article VII - Administration
Section 1. The affairs of the Society shall be administered
by an Administrative Committee drawn from the membership
of the Society.
Section 2. Within-term vacancies in the office of President or Vice President of the Society shall be filled by election
for the unexpired term by the Administrative Committee.
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Section 3. Within-term vacancies occurring on the Administrative Committee shall be filled by appointments for the unexpired terms by a vote of the remainder of the Committee.
Section 4. The Administrative Committee may utilize
the services of IEEE Headquarters as bursar for all or part of
Society funds as provided by the IEEE Bylaws and rules and
regulations.
Section 5. The Society President shall be an ex officio
member of all committees of the Society. As a member of the
IEEE Technical Activities Board the Society President, when
notified of a meeting of said Board, shall ensure representation of the Society at such meeting by the President, or by an
alternate appointed by the President according to the process
outlined in the IEEE TAB Operations Manual.
Section 6. The work of the Society shall be conducted
through the Administrative Committee, and through standing
and ad hoc committees as provided herein and in the Bylaws.
Article VIII - Nomination and Election of
Administrative Committee Members
Section 1. Nominating procedures shall be those prescribed in the Bylaws and shall include provision for nomination by petition of Society members. Nominations by petition
shall be included on the ballot and shall be so identified.
Section 2. Election of the members of the Society Administrative Committee shall be those prescribed in the Bylaws.
Section 3. Terms of the Society Officers:
a. President – Two two-year terms, not eligible for reappointment.
b. Vice President – Two two-year terms, not eligible for
reappointment.
c. Treasurer – Two two-year terms, appointed by the President with Administrative Committee concurrence, serves
until a successor is appointed by the President with Administrative Committee concurrence.
d. Secretary – Two two-year terms, appointed by the
President with Administrative Committee concurrence, not
eligible for reappointment.
If a candidate for any of these offices cannot be found, then
candidates may be chosen from those who have served previously on the Administrative Committee (BTS Bylaws) and
Executive Committee (BTS Bylaws)
Article IX – Meetings of the Administrative Committee
Section 1. Quorum for meetings of the Administrative
Committee shall be that set forth in BTS Bylaws.
Section 2. A majority of the votes cast by those members
of the Administrative Committee attending a meeting shall be
necessary for the conduct of its business except as otherwise
provided in this Constitution. A majority of the votes of the
members present and entitled to vote, at the time of vote,
provided a quorum is present, shall be the act of the Administrative Committee.
Section 3. Vote of the Presiding officer. The presiding officer of the Broadcast Technology Society shall have no vote,

www.ieee.org/bts

12/16/21 11:01 AM

58

except if the vote is by secret ballot or unless the Chair’s vote
can change the outcome of the vote.
Section 4. Business of the Administrative Committee
may be conducted by correspondence, in-person meetings,
virtual meetings, or any other form of communication when,
on the decision of the President or convener, as appropriate,
matters requiring prompt action can be adequately handled in
such a manner. All agreed actions shall be confirmed promptly
in official meeting minutes.
Section 5. The Administrative Committee may meet and
act upon the vote of its members either in-person or through
any means of communication. When the meeting is quorate,
in-person or through use of a means of communications by
which all participants can hear one another simultaneously,
or through a combination of the two that results in simultaneous communication, voting procedures normally used for
in-person meetings shall be followed, and an affirmative vote
of a majority of those voting members in attendance shall be
necessary for approval of any action.
When, upon determination of the President of the Society,
matters requiring action can be handled adequately through
means other than those providing simultaneous communication (e.g., via e-mail messaging, online polling, or mail correspondence), such action can be taken upon an affirmative
vote of a majority of the total voting membership of the Administrative Committee. In such cases of non-simultaneous
communication and voting, notice of the outcome shall be
provided to all members of the Administrative Committee
immediately upon sufficient votes having been recorded to
determine the final outcome, one way or the other. In addition, the input documents for such voting shall be reduced
to a directly reproducible form compatible with the form in
which minutes of the Administrative Committee are stored
and shall be so stored with the minutes of the next meeting of
the Administrative Committee.
In cases of Amendments to the Society Constitution and/
or Bylaws, an affirmative vote of a two-thirds majority of the
total voting membership of the Administrative Committee
shall be required for approval, and the notification and documentation requirements applicable to the voting method used
shall apply.
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Section 6. Individuals holding more than one position on
the Administrative Committee shall be limited to one vote on
each matter being considered by the Administrative Committee or committee thereof. Proxy voting is not allowed
Article X - Amendments
Section 1. Amendments to this Constitution may be initiated by petition submitted by one percent of the members of
the Society or by a majority of the members of the Administrative Committee, such petition being submitted to IEEE
Vice President Technical Activities, for approval. After such
approval, the proposed amendments shall be publicized by
direct mail to all Society members or in the Society Transactions and Newsletters with notice that it goes into effect unless five percent of the Society members, including students,
object within 30 days. If such objections are received, a copy
of the proposed amendment shall be mailed with a ballot to
all members of the Society at least 30 days before the date appointed for return of the ballots, and the ballots shall carry a
statement of the time limit for their return to the IEEE Office.
When a mail vote of the entire Society membership is made
necessary, approval of the amendment by at least two-thirds
of the ballots returned shall be necessary for its enactment,
provided, however, that if the number of ballots returned is
less than ten percent of the membership of the Society, the
amendment shall be deemed to be approved.
Section 2. Suitable Bylaws, and amendments thereto,
may be adopted by a two-thirds vote of the Administrative Committee in meeting assembled, provided that notice
of the proposed Bylaw, or amendment, has been sent to
each member of the Administrative Committee at least a
week prior to such meeting, or a Bylaw, or amendment,
may be adopted by a two-thirds email or electronic vote of
the members of the Administrative Committee, provided
a 30-day period is allowed for such responses. In either
event, the proposed, or amendment, shall be submitted to
the IEEE Vice President, Technical Activities for approval.
No Bylaw, or amendment, shall take effect until all approvals have been obtained and notification has been made by
direct mail to all Society members or in the Society Transactions and Newsletters.
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IEEE Broadcast Technology Society
Bylaws
28 October 2021 – 1st BTS Adcom approval
02 November 2021 – Technical Activities,
Vice President: Roger Fujii approval
09 December 2021 – 2nd and final BTS Adcom approval
15 December 2021 – BTS Bylaws effective date

1. Membership
There shall be two grades of IEEE Broadcast Technology
Society (hereinafter Society) membership: student members
and members. Student members of the IEEE may become
student members of the Society upon payment of the annual
student membership dues in effect at the time Society membership is requested. Members of the IEEE in other grades
may become members of the Society upon payment of the
annual Society membership dues in effect at the time Society
membership is requested. Special categories of membership
and the appropriate annual Society membership dues shall be
as specified in IEEE Bylaws.
2. Affiliates
Non-members of the IEEE who are members of certain
other organizations accredited by the IEEE, as provided in
IEEE rules and regulations, may become affiliates of the IEEE
and members of the Society upon payment of the annual
Society membership dues in effect at the time Society membership is requested. Affiliates shall have the same rights
and privileges in the Society as IEEE members, and shall be
eligible to serve and hold office on any board or committee, with the exception of the offices of President and Vice
President of the Society. Reference: IEEE Constitution and
IEEE Bylaws.
3. Member Dues
The annual Society membership dues shall be reviewed
each year as part of the Society budget cycle and adjusted to
meet Society fiscal needs. The Society Administrative Committee must approve any proposed change in the annual Society membership dues.
4. Affiliate Dues
Affiliates shall pay the same annual Society membership
dues as Society members. This affiliate rate is in addition to
the affiliate surcharge specified in IEEE rules and regulations.
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5. Fiscal Year
The administrative and fiscal year for the Society begins
on January 1st and ends on December 31st.
6. Society Administrative Committee
6.1 The Society Administrative Committee shall consist
of 15 elected members-at-large, five of whom shall be elected for three-year terms each year from the Society membership in good standing: plus the Society President, Society
Vice President, Society Secretary, Society Treasurer, and the
immediate past Society President.
6.2 Society Administrative Committee members-at-large
may be reelected to one full term after serving one full term.
Only two consecutive terms are permitted.
6.3 All Society Administrative Committee members, including ex-officio members, shall have voting privileges.
6.4 The Executive Committee of the Society Administrative Committee shall consist of the current Society officers
(President, Vice President, Treasurer and Secretary), the immediate past Society President, and a Member at Large liaison to the Executive Committee. The Executive Committee
shall conduct day-to-day Society business affairs that do not
require full Society Administrative Committee review and
approval.
6.5 At its last meeting of even-numbered years, the Society Administrative Committee shall elect a Society President
and Society Vice President from a list of eligible candidates
consisting of current Society Administrative Committee
members-at-large, past Society Administrative Committee
members-at-large, and past Society officers. The elected Society President and Society Vice President shall serve a twoyear term, beginning January 1 of the year following their
election. The Society President and Society Vice President
may serve two consecutive two-year terms
6.6 By January 1 of the year following an election, from
all Society members in good standing, the Society President
shall appoint a Society Secretary, a Society Treasurer, and
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all Society standing or ad hoc committee chairpersons and
members, each of whom are appointed for the current term
of the Society President who appointed them.
6.7 If an elected member-at-large fails to attend four consecutive meetings of the Society Administrative Committee,
the Society Administrative Committee may vote to remove
that member-at-large from the Society Administrative Committee, and, in accordance with the Society Constitution,
may appoint a successor to serve for the remainder of the
term of the removed member-at-large.
6.8 Society officers, Society Administrative Committee
members, and Society committee members must be members of the Society in good standing.
6.9 Quorum. A majority of the voting members of the
Society Administrative Committee or any committee thereof
shall constitute a quorum. (Ref: IEEE Bylaws)
6.10 The Society Administrative Committee shall meet
at least two, and no more than four, times per year, at times
and locations to be determined by the Society President and
announced at least 30 days in advance of the meeting.
6.11 Roberts Rules of Order (latest edition) shall govern
conduct of Society Administrative Committee meetings on
all matters not otherwise specified in these Bylaws or in the
BTS Constitution, and as also specified in the IEEE Bylaws.
7. Nominations and Appointments Committee
7.1 (Ref: IEEE Bylaws)
The Chair of the Nominations and Appointments (N&A)
Committee shall be the immediate past President of the Society Administrative Committee. In the event of the incapacity or conflict of interest of the Chair, the most recent Past
Chair of the N&A Committee available shall be the Chair of
the N&A Committee. With extenuating circumstances, a different individual may be appointed to this position.
7.2 N&A Chairs shall not be eligible to be elected to the
Society Administrative Committee during their term of service.
7.3 The committee shall consist of its chair and at least
two other voting members.
7.4 At least two-thirds of the voting members of the N&A
Committee shall be elected or appointed by the Society Administrative Committee.
7.5 A member of an N&A Committee may be nominated and run for a position for which such member’s respective N&A Committee is responsible for making nominations only on the following conditions: (i) the nomination
is not made by a member of the same N&A Committee
and (ii) the member resigns from the N&A Committee
prior to its first meeting of the year in which the nomination shall be made.
8. Nomination and Election of Society Administrative Committee
8.1 The Society Administrative Committee shall fill vacancies within its ranks according to the processes outlined in
the BTS Constitution.
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8.2 All committee chairs and liaisons shall be appointed
by the Society President, subject to approval by the Society
Administrative Committee.
9. Petition Signature Requirements
9.1 For each elective office of the Society, individual voting members eligible to vote in such election may nominate
candidates either by a written petition or by majority vote
at a nomination meeting of the organizational unit, provided
such nominations are made at least 28 days before the date
of election. The number of signatures required on a petition shall be determined in accordance with IEEE Bylaws as
follows. For all positions where the electorate is less than
30,000 voting members, signatures shall be required from
2% of the eligible voters. For all positions where the electorate is more than 30,000 voting members, 600 signatures of
eligible voters plus 1% of the difference between the number
of eligible voters and 30,000 shall be required
9.2 Members shall be notified of all duly made nominations prior to the election. Prior to submission of a nomination petition, the petitioner shall have determined that the
nominee named in the petition is willing to serve, if elected;
evidence of such willingness to serve shall be submitted with
the petition.
9.3 The number of signatures required on a petition shall
depend on the number of eligible society voters, as listed in
the official IEEE membership records at the end of the year
preceding the election.
9.4 Signatures can be submitted electronically through the
official IEEE society annual election website, or by signing and
mailing a paper petition. The name of each member signing
the paper petition shall be clearly printed or typed. For identification purposes of signatures on paper petitions, membership numbers or addresses as listed in the official IEEE membership records shall be included. Only signatures submitted
electronically through the IEEE society annual elections website or original signatures on paper petitions shall be accepted. Facsimiles, or other copies of the original signature, shall
not be accepted. Only original signatures can be accepted on
a paper petition. Electronic signatures can only be submitted
via the IEEE society annual elections website. Faxes or other
types of electronic signatures are not allowed).
9.5 Petition signature requirements shall be in accordance
with IEEE Policies.
10. Technical, Advisory, and Coordinating Committees
Standing and or ad hoc Society committees may be established by the Society Administrative Committee as deemed
relevant to the Society's special fields of interest.
11. Publications
The Society, through its Society Administrative Committee, shall publish IEEE Transactions on Broadcasting; and may
publish newsletters and other publications related to the
fields of interest of the Society.
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12. Chapters
Chapters are Society sub-groups organized on a geographical basis. This subject is addressed fully in the IEEE Society Section of the Technical Activities Manual and in the
Section Manual.
13. Awards Committee and Fellow Committee
13.1 The Awards Committee is responsible for all major
awards and recognitions made or proposed by the Society. The Society Awards Committee will solicit recommendations and nominations from the Society administrative,
technical, advisory, and coordinating committees, Society
Chapters, and from Society membership through Society
publications. The Committee will prepare recommendations and initiate appropriate actions in support of awards
to Society Members. Committee members may not provide
nominations or reference letters while in office. Committee members are ineligible to receive any award for which
the Awards Committee is responsible while in office. The
Committee shall follow the policies outlined in the TAB
Awards and Recognition Committee (TABARC) Operations Manual, and maintain contact with TABARC and the
IEEE Awards Committee.
13.2 The Society Awards Committee shall arrange for
suitable awards for excellence of technical content or pre-
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sentation of contributions published in Transactions on
Broadcasting or presented at a Society conference. The
Committee shall follow the policies in accordance with the
policies outlined in the TAB Awards and Recognition Committee (TABARC) Operations Manual.
13.3 The Society Fellow Committee is responsible for the
Society's technical evaluation of Fellow nominations being
considered by the IEEE Fellow Committee. The Chair and
Committee members shall be IEEE Fellows and Members of
the Society. The composition and terms of the Committee
members shall be as specified in the IEEE Fellow Committee
Operations Manual. The Committee shall follow all policies
outlined in the IEEE Fellow Committee Operations Manual,
and maintain contact with the IEEE Fellow Committee.
14. Disbursements
Disbursements from Society funds credited to the Society
after enactment of these Bylaws shall be on the authority of
the Society Treasurer as directed by the Society Administrative Committee and in accordance with an approved budget
and established procedures and policies of the IEEE. The Society Administrative Committee may authorize the Society
Treasurer to disburse funds to defray legitimate expenses incurred by the Society Administrative Committee, the Society
Executive Committee, and the
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Visit the BTS
Resource Center
BTS PULSE Events Now
Available for download

IEEE Broadcast Technology Society now offers a
comprehensive on line Resource Center, providing a
single location to access all available virtual content.
The Resource Center is located on the home page of
the BTS website, resourcecenter.bts.ieee.org. New
content is added everyday.
The Resource Center houses the following virtual
products by top industry experts, educators,
innovators and influencer's;
o
o
o
o
o
o
o

Webinars
Podcasts
On-demand videos
Event presentations
Publications
Technical articles
Society newsletters
Visit today resourcecenter.bts.ieee.org
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Connecting Top Employers with
Premier Professionals.

EMPLOYERS:

Find Your Next Great Hires
• PLACE your job in front of our
highly qualified members
• SEARCH our resume database
of qualified candidates
• MANAGE jobs and applicant
activity right on our site
• LIMIT applicants only to those
who are qualified
• FILL your jobs more quickly
with great talent

bts-jobs.ieee.org

PROFESSIONALS:
Keep Your Career on the Move

• POST a resume or anonymous
career profile that leads employers
to you
• SEARCH and apply to hundreds of
new jobs on the spot by using
robust filters
• SET UP efficient job alerts to deliver
the latest jobs right to your inbox
• ACCESS career resources, job
searching tips and tools

For more information on recruitment options, contact Amanda
Temple, BTS Society Operations Manager, bts@ieee.org
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The IEEE International Symposium on Broadband Multimedia Systems and Broadcasting 2022
(https://www.ieee-bmsb2022.com/), the 17th in the series, will be held in Bilbao (Spain) from
June 15th to 17th. After two years of virtual conferences, we plan a full in-person event.
The symposium will be a premier forum for the presentation and exchange of technical advances
in the rapidly converging areas of Multimedia Broadcasting, Telecommunications, Consumer
Electronics, and Networksing Technologies. We are looking for unpublished technical papers in
the following broadcast and multimedia research areas:
−
−
−
−

Multimedia Transmission
Multimedia Service, Quality and Content
Multimedia Networking
Multimedia Signal Processing

Detailed information on the expected topics is detailed on the Call For Papers. Prospective
authors are invited to submit extended abstracts of about 1000 words to:
https://easychair.org/conferences/?conf=bmsb2022
Each abstract must include at least two keywords chosen from the topics mentioned above. All
accepted and presented papers will be submitted for inclusion in IEEE Xplore®. Best conference
paper and best conference student paper will be awarded.
Relevant dates:
−
−
−

Submission of extended abstracts:
Notification of acceptance:
Submission of full papers:

January 24th, 2022
March 1st, 2022
April 15th, 2022

Any inquiries may be forwarded to bmsb2022@ehu.eus
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What + If = IEEE

420,000+ members in 160 countries.
Embrace the largest, global, technical community.
People Driving Technological Innovation.

ieee.org/membership
KNOWLEDGE

Broadcast Technology

nbts_4thQtr-dummy_v5.indd 65

COMMUNITY

#IEEEmember
PROFESSIONAL

DEVELOPMENT

CAREER

ADVANCEMENT

www.ieee.org/bts

12/16/21 11:01 AM

66

Calling all Chapter Chairs
The IEEE Broadcast Technology is interested in your chapter activities, but have
you ever wondered how to write a chapter report. Below are some directions that
can help you get your chapter noticed.
Information for submitting Chapter Reports:
• Chapter Reports ideally should run approximately 200 to 500 words. (If a really newsworthy or unusual
event is being described, we can accept slightly longer Reports, but nothing greater than 800 words.) We
are looking for a summary of the event program or presentation. Please keep Reports straightforward and
focused on the event. When someone is mentioned in a Report, it is very important that we receive the
person’s full name, title or position, organization they are affiliated with, and their connection with the story.
•

Please identify all recognizable persons in your photos. We need their names, with title or position
and affiliation. (Example: Mr. John Smith, vice president of consumer electronics production, Ajax
Corporation.) If there is more than one person in a photo, please clearly identify everyone from left-toright; please do not assume that we know persons depicted and will be able to fill in this blanks.

•This need for complete identification also applies to place and building names. Please make sure to provide
the complete location of the event. (Don’t just say the meeting took place in Smith Hall, as readers will likely
not know that Smith Hall of part of the School of Engineering at Jones University.) Provide complete
information about meeting venues.
• Very important—submit your Report as a straight Word file with no embedded logos, pictures, etc. Please
do not send PDFs.
• Pictures are a very important part of every Report; however, they need to be good quality and tell a story;
i.e., if a presentation is made at your meeting, your photograph should show the presenter standing at a
podium, or at a chalkboard, etc. Group photographs are nice, but we really need at least one good photo of
the lecturer making his/her presentation. Image size is very important too. An image that is acceptable on a
Website is not necessarily large enough for publication in a printed magazine. Images must be at least 250
kb in size (one to two MB preferred). These must be sent as .jpg file attachments—no PDF— and PLEASE
DO NOT EMBED IMAGES IN REPORTS.
• Please include answers to all of the following questions in your first paragraph: Who was involved? What
happened? Where did it take place? When did it happen? Why (what was the reason?). Further, if the event
you are describing was facilitated by an institution (university, company, etc.) that provided a meeting room,
refreshments, etc.. Please include this information in every Report.
• Also, when submitting a Report, please provide complete identification about yourself, including your title or
position and the name of the organization that you are affiliated with.
• Lastly, Reports must be timely. They need to be received by the Broadcast Technology staff no later than
two to three weeks after the meeting or event took place.
If these items are not received in the required order, the Editorial Assistant will contact you for a revision.
The Broadcast Technology editorial staff thanks you for your cooperation. We look forward to receiving
and publishing your Reports. If you have any questions please send an email to btseditor@ieee.org
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