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Considerations for Automation and Playout in
Multi-stream Applications

Eugene Novacek P.E.
David Turner
Neil S. Price

ENCO Systems Inc.
Southfield, Michigan

Background and History of PC based Station
Automation

Even with the accepted use of digital audio in master
recording studios and the adoption of the digital CD,
broadcast automation began as a largely electro-
mechanical analogue process in the 80's. Early
Station Automation sometimes referred to a large reel
of tape playing on an auto-reversing tape deck. This
automation arrangement could provide most of a day’s
programming with minimal operator intervention,

but the audio quality was mediocre due to the slow
tape speed, and it required production personnel to
invest a great deal of time assembling the contents of
the tapes. Once the tapes were assembled, it was very
difficult to make any changes, especially if the tape
was playing on-air. A more flexible arrangement used
a stack of cart machines with the secondary cue (SEC)
output of one wired to the start input of the next, and
so on with the last machine connected back to the

first. This allowed the operator to load several songs
and commercials to play automatically in sequence,
freeing up short amounts of time for him (or her) to

do other important operations. This crude form of
automation was followed by numerous variations of
mechanical beasts designed to hold and cycle dozens
and sometimes hundreds of carts through multiple
playback decks. These electro-mechanical marvels
were capable of automatically sequencing several days
worth of programming. These machines were incredible
achievements in station automation and faithfully
served the broadcast industry for many years. However,
their dependency on extensive mechanical transports
made them high maintenance devices and limited their
flexibility. Even the audio quality was hard to maintain
due to the number of capstans and tape heads involved.
Broadcasters needed newer, higher quality, easier to
maintain, more versatile automation systems. As CD
players and DAT tape machines became common
place in the home and in the studio, the audience
demand for CD Quality broadcast audio also grew.
Along with the improved audio this new generation

of equipment brought improved control features that
allowed broadcasters to elevate automation to a new
level. In addition to the standard START and STOP
functions, a much more complete set of instructions

including shuttling and indexing were now available,
usually through a serial data protocol. This enabled a
single electronic controller to “talk” to multiple devices,
directing them to cue up then play individual tracks
from CDs and tapes containing multiple tracks. With
CD Jukebox devices available that could hold and play
tracks from over 300 CDs and DAT tape machines
that could cue and play hours worth of programming,
a station could now automate for days at a time, if the
controller was programmed properly. While several
manufacturers developed automation systems for
their own equipment, these were mostly proprietary
hardware and not able to communicate with devices
from other manufacturers. These units often employed
special keypads for data entry and ran ROM based
programs that were difficult to upgrade or modify. This
is where the Personal Computer made its biggest mark
on station automation. PCs were already being used

in business and at home to run database applications,
perfect for storing a log of scheduled events. PCs

had excellent serial (and parallel) communications
capability and could be configured/programmed to
“speak” any protocol required. PCs used a standard
user interface (keyboard and monitor). Programs were
stored on disk and ran from RAM and were therefore
relatively simple to modify and reload. The Personal
Computer was an excellent platform for station
automation controllers. A number of manufacturers
created custom software packages using standard PC
hardware to automate CD jukeboxes, DAT players
and fire relays to play standard cart machines. These
were quite effective and could provide a good level of
walk away automation, but some of the stations most
important material, e.g. commercials, IDs, and promos
were left to the weakest link - the cart machine. It
became increasingly obvious that a more sophisticated
“CD quality” version of the cart machine was needed
to play spots, IDs, jingles etc. As digital cart machines
began appearing as direct hardware replacements

for the existing analog units, some clever computer
people were realizing that everything needed for a
digital cart machine was already in a PC except the
Analog to Digital and Digital to Analog conversion
electronics. And this could easily be added by building
a custom signal processing circuit board designed

to plug into one of the existing PC expansion slots.
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Since PCs were already driving the development of
the hard disk storage technology, they had access to
the capacity required to store many hours of digital
audio. This could be divided into any number of any
size pieces, allowing an extensive inventory; and unlike
tape or floppy disk based systems, PC based systems
could provide random access to any and all of the
material they contained. Adding these powerful audio
capabilities to the automation strengths of the PC has
created the perfect platform for the continued evolution
of station automation.

Low cost PC computing, coupled with high quality
audio processing cards, created the opportunity for

the typical radio broadcaster to fully automate and

the market for PC based radio automation took off.
Throughout the 90’s radio stations found that they could
fully automate most studio operations. The concept

of a programmed playlist including all commercial
content, controlled to precise timing opened the door
to totally unmanned operation, ideal for overnight
shifts and periods where minimal support or on-air
personnel are available. Consolidation in the broadcast
industry was driving need for minimizing the cost of
operations and reducing staff requirements for on-air
operation. While we, in a “new” broadcast automation
industry, seized upon an opportunity to fully automate
cumbersome electro-mechanical systems and brought
huge manpower savings to the broadcaster, needs
quickly broadened to include entirely new concepts that
were not envisioned in the days of the CART machine.
The broadcast industry was moving away from the
automation of a basic analog process into that of a data
based, IT driven structure. New clusters of stations
wanted to share libraries and processes. Commercial
traffic and scheduling systems needed to be integrated
and on-air talent needed to operate with minimal
engineering support. The pace of change continues

to accelerate for the broadcaster and multicasting
associated with HD Radio™ is but another challenge
which will undoubtedly open the door for others. From
an automation and playout developers’ perspective, we
must address three areas outside the basic functions
within our systems. First, we must deal with and
create data that describes audio content for other
systems (metadata); second, we must build-in open
connectivity to other systems using standard protocols
as needed; and thirdly, we must build in the flexibility
to allow our users to rapidly meet as yet undefined new
requirements as they develop. These are the areas that
set professional grade broadcast playout and automation
tools apart from the plethora of media player type
applications that now abound.

New Data Requirements Emerging

In order to facilitate many automation requirements,
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new information that describes what is in the audio

file or program is required. The association of this
“metadata” with audio files is generally referred to

as “tagging”. As various types of rich media moved

to the digital world, Microsoft developed a standard
called RIFF for Resource Interchange File Format. This
included a representation for audio files called wave
files denoted with the “.wav” extension. The wave
format supports a number of audio formats, compressed
and uncompressed. The European Broadcast

Union extended the definition to better enable file
exchange between production systems in the world of
broadcasting and music production. Not surprisingly,
this became known as the Broadcast Wave Format

and included metadata specific to the needs of audio
production systems. The audio formats are limited

to linear PCM and MPEG coded compressed audio.
Inspired by the goals of BWF, we were pleased to help
author a specification targeted at the radio broadcaster
called Cart Chunk. In 2002 Cart Chunk format was
adopted as AES standard AES46-2002. Cart Chunk
defined important metadata used by on-air applications
such as automation and scheduling systems.

Over on the world wide web, use of rich media and
audio was also skyrocketing. Users of the internet made
use of highly compressed audio files, typically MP3,
which also required metadata so that browsers could
interpret and visually display information about the
content. A simple tagging format called ID3v] became
the de facto standard for representing basic artist and
title information in an MP3 file. This has since been
expanded through several iterations. The current IBOC
HD Radio™ specification calls for metadata (described
as MPSD for Main Program Service Data and SPSD for
Supplemental Program Service Data) to be formatted
based on ID3v2.3.0.

The general design of all of these schemes is to provide
an adaptable framework that can be changed, or added
to, without affecting earlier applications. For example,
an application reading a tagged file could interpret
those “frames” of metadata associated with that
application but ignore others, whether new or unused.
The automation and playout system must adequately
represent and store appropriate metadata to allow its use
as needed within the application, as well as maintain

it for use in downstream or ancillary applications.

We must also have the ability to move between
applications that may represent the same metadata in
varying formats such as between Cart Chunk and the
IBOC specification. The transfer of this information is
addressed through standardized hardware and software
tools that define the connectivity between systems.

The Need for Connectivity

An automation system rarely contains everything



necessary for complete walk-away operation. For

it to be truly effective, a system needs to be able to
interface with various other broadcast devices, like
audio switchers, audio consoles, satellite receivers,
CD players, DAT players, station clocks, and

more. These interfaces are created in two parts: the
hardware interface, which provides proper electronic
inter-connection, and the software interface that
communicates specific commands to and from the
peripheral. Systems based on personal computers

can take advantage of a multitude of off the shelf
hardware (plug-in I/O boards) that can provide any
mix of RS-232, RS-422, RS- 485 and large numbers
of opto-isolated contact closure inputs and dry contact
outputs. Systems that are able to address these generic
I/O products are more flexible than those that offer
their own custom I/0 hardware that may offer a mix
of these features. In addition to these “traditional”
communication interfaces, many new consoles and
routing switchers feature network interface ports and
are able to communicate via IP over standard Ethernet
networks. This is a perfect match for the network
hardware of a PC platform and can greatly simplify the
physical interconnections for systems that are capable
of communicating through this channel. This can allow
PC based automation systems to control input routing,
fader labeling, bus assignment and even automate
mixes through a simple network connection. With the
hardware connections becoming more standardized
and common place, we see that the real strength of an
automation system is in the software portion of this
interface - how it uses the hardware to communicate
with the various devices external to the PC. A wide
variation of command syntax and order exists among
the various peripheral devices an automation system
might connect to. Command strings, string lengths

and the use of carriage return and/or line feed vary
from device to device. Even simple contact closure
controlled devices can often require specific closure
sequences to perform a given function. It is therefore
very important that the automation system software
suppart the creation and transmission of custom serial
protocols, be capable of storing and running control
macros that execute specific command sequences and
provide these features through a user programmable
mechanism so that each station’s unique compliment
of equipment can be administered and maintained.
Many system manufacturers provide software modules
(drivers) that perform the data translations necessary to
allow the automation system to communicate with other
popular devices. In many cases that is a simple and
adequate way to provide interoperability, as long as the
configuration never changes. But things will change.
An automation system that is able to utilize industry
standard methods of communication and provides a
mechanism to “tweak” communication details is more
flexible and able to adapt to future developments.

Data communication abilities of automation systems
are now extending beyond peripheral control and

are now being used o create a better user experience
through ancillary data services. An automation system
can send database information about its audio (often
referred to as metadata) to external data channels that
can provide relevant “Now Playing” information to
the end user. Examples of this include RDS encoders
feeding conventional FM transmitters to display title.
artist and station ID text strings on user’s receivers
and roadside billboards. HD Radio™ MPSD and
SPSD are also examples. And metadata over IP is now
allowing broadcasters to tightly integrate their on-air
product with their station web sites and streaming
services. These services typically use standardized
information exchange formats like eXtensible Mark-up
Language (XML) which is a powerful and accepted
format specification for the exchange of almost any
type of data. XML is a data description language that
is general-purpose, Internet protocol-friendly, and very
easy to learn and author. XML is unlike custom data
interchange formats which are generally proprietary,
special-purpose, “binary” formats that cannot be easily
shared by different software applications or across
different computing platforms, much less authored and
maintained in common text editors. Using XML, data
can be moved between applications very easily, even
as applications undergo independent change. At ENCO
we have utilized XML extensively to carry playlist
information, provide a user customization platform
and fully integrate partner music and traffic scheduling
applications. XML is also utilized in communicating
with HD Radio™ Importers.

Flexibility : Empowering the Broadcast User

Applying computer technology to automate broadcast
processes for handling audio, from storage and
management through playout and on-air assist have
become the standard worldwide. It would be difficult to
find a broadcaster today that relies on manual methods
to get their audio program to air. The demands are as
great as the variety of broadcasters that range from

the webcaster operating out of his room, to global
networks. For some, this means having the feature set
to support a one man operation to easily set up and play
without interruption 24/7. For others it’s the capabilities
to manage multiple programs on multiple stations.

And yet others look for on-air assist features to ensure
everything that occurs live runs smoothly without
error. To address these needs, the broadcast automation
industry has continued to add increasing numbers of
features supporting specific tasks to their systems.

The list is long and continues to grow. However the
real underlying requirement to address dynamically
changing needs in modern broadcasting is flexibility.
Flexibility can reduce a broadcaster’s reliance on
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vendor development cycles in meeting rapidly changing
needs, for example a change in a format specification

in a new media application or the requirement to
repurpose programs for a different venue.

A fundamental characteristic required for broadcaster
flexibility is the concept of the “‘virtual machine”.
Playout and automation has always been designed

to mimic the traditional devices used in broadcast.
However, they are implemented in software, rather than
hardware. Software implementations of virtual devices
can be free from the encumbrances and limitations
associated with physical devices. We need only be
concerned with the physical connections and system
performance. So an application designed to provide
playout functionality for a broadcast stream can be
designed to run in duplicate at the same time with the
same or differing content, limited only by performance
of the computer and enough physical connections to
support the required number of outputs. We have found

ENCO Systems

that todays’ high performance PC compute engines are
quite capable of supporting numerous program streams.
And, broadcast level sound card interfaces can now
easily support dozens of audio channels. Audio over 1P
interfaces essentially have no limitation. This virtual
machine support makes multicasting for HD Radio™
just another variation of the process often used for
remote station operation and streaming applications
with the addition of formatting the program and data for
the HD Importer or Expouter.

Figures 1 thru 3 show examples of various multiple
stream configurations we have implemented for ENCO
clients. Figure 1 shows how a broadcaster might

use multiple streams and virtual playback machines

to provide programs for multiple stations from a

single studio workstation. The broadcaster is running
six stations from one studio and in fact, from one
automation workstation. In this case traffic and music
are scheduled on separate workstations and the logs are
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N ] Music Prayists
—: .- ; _. Data Communicition Network or Seral
A M, 4 | 6 5 1 [ [ | e Avd Skngl
| . | ™, :! ....... e DGR
Traffic Music .
Sta. 1 Schedule CRALD
Talent Controlied
|
............. Auo et ...
il @ s 3l o
L | |
S, L.AudnSinel e,
Traffic Virtuai Play Back Machine 2 | ¥ e i
Sta. 2 (spots Sta, 2) i
m Virtusl Play Back Machine 3 || _ AwdoSigral ! ;
' oy | Caeo
! @ o @ - _’\ et | T D (D @ E
JRE | J A vY v v
=
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Figure 1
This configuration illustrates six radio stations being muiticast from a single automation
workstation. All share same music and live content. All have differing commercial spots.
Automation command sequences in the playlist ensure that the appropriate commercial
playback is routed to the correct station.
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A StreamLine configuration supporting differing main program and HD2 program streams.
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Figure 3
This configuration adds a WEB stream that contains the main program with different commercial spots from a virtual
playback machine.
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automatically ingested in the appropriate playlist. The
music and live content need to be the same across all
stations. However each station has unique commercial
spots to air. When a commercial spot is initiated, either
in the live studio from the on-air screen, or encountered
in the main studio playlist, commands are automatically
generated to the audio switcher routing station specific
commercial spots from virtual playback machines to
the appropriate station transmission. The combination
of playlist entities doubling as “‘command cuts” enables
a smooth segue transition of unique material for each
station while the main program material is from a single
source. Dealing with new HD supplemental programs
can be handled in a similar fashion. Figure 2 illustrates
a multicast configuration for HD Radio™. An audio
switcher is not employed as the HD2 program stream

is fully automated and routed directly to the exporter.
Figure 3 shows the same configuration with an added
WEB stream program containing different commercial
spots. Similar to the first example, an audio switcher is
used to rout just the WEB specific content to encoding
and streaming machine or service.

Designing-in measures to ensure easy system adaptation
to change is an important factor we must consider in
building automation technology that will stand the test
of time. One way to accomplish this is through a system
architecture similar to that found in the process control
industry. Process control runs factories producing
everything from potato chips to nuclear power. So
what does that have to do with broadcasting? Well

you may be surprised! Managing a broadcast stream

is in many ways similar; it has a sequence of events
controlled in real time, requires interface of a large
variety of devices and often needs to make automatic
adjustments based on numerous criteria. Systems

used to implement process control must be extremely
flexible. After all, making potato chips and producing
nuclear power both employ process control, but the
processes are quite different. Yet the tools created to
implement these dissimilar processes might in fact be
very similar. Process focused systems are built around
a philosophy that permits the user to implement their
own features at a high level of abstraction. This means
the user can implement powerful and far reaching
changes to their system in easy to understand steps and
common language. Systems must be designed to allow
the engineer that understands the production process

to create or modify control of the process in easy to
understand terminology and commands, that do not
necessitate hard coding of new features in low level
computer programming languages. For example, many
processes a broadcaster may wish to implement involve
how they operate their real and virtual machines under
automated sequences or based on external conditions
like time of day, program information or other events.
1t makes sense to give the user control of these

things in easy to understand broadcast terminology
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enabling them real control of their broadcast process.
The broadcast engineer should not need to deal with
program languages or cryptic command macros. The
engineer need only understand his process sequence,
not the intricacies of computer programming. Below is
a simple example of ENCO’s process language, called
DCL, used to rout audio in the scenario described in
Figure 1.

Exargle  [PLAY cmachinns [bowd] [cmades <sbured]
| St plapbach on wechied machne PLAY P_PLAYE

AddLine | [SEND TEXT A 103040008 S
Insest Line | [P A PBE T

PLAY PBK4

Dedete Live || oav poxcs v
Undalo Line | [FLAY PBIZ
vwvsvuuxl [vaiio RawEdt rebes | | AGCEPT | CANCEL

This example includes the following format:

SEND TEXT A ‘<serial string for switcher>’
PLAY PBK2
PLAY PBK3
PLAY PBK4
PLAY PBK5
PLAY PBK6

The serial text string will be formatted to match the
particular audio switcher in use, but will match the
audio inputs to the desired outputs during commercial
breaks (in this case 1tol, 2to2 etc.). It also defines the
communication port. This sequence may be initiated
either manually from the on-air interface or may be
automatic when a station specific break is reached in
the main program. Upon execution of the switcher
command, the virtual playback machines are started
with their station specific content routed through the
switch to the proper output. Upon completion of the
break, the last command cut in each virtual playback
stops the playback. The main program then returns the
audio switch routing to all outputs matched to the main
program input. Of course the duration of the break
segments would need to match across all stations. This
is a simple example, however we are constantly amazed
at the variety of new scenarios and creative solutions
we see implemented by customers to solve their unique
problems.

Future Considerations

It is difficult to predict how HD Radio™ applications
may impact automation systems in the future. Many
aspects that have been discussed have the potential
to require adaptation through the automation system.



Applications such as electronic program guides, file
downloads to the listener, and listener controlled
options all have the potential to require adjustments
to automation. Broadcasters that implemented

any automated actions based absolute real time
(non-delayed) for live programming may need to
consider how to address issues related to delay and
synchronization of HD with analogue streams. Others
that may have automated control of audio processing
based on playing content may need to consider other
differences.

Flexibility and customization has never been more
important in the broadcast industry, particularly in light
of new HD Radio™ acceptance. When introduced in
the early 90’s, automation systems were designed to
simply automate a well defined, decades old process,
and they do an outstanding job. But now, and for the
foreseeable future, the process is changing in dramatic
and rapid fashion. It is no longer just a radio broadcast
stream. There are many streams, both audio and data,
both analog and digital, to many locations, using many
devices. And this is just the beginning. The future
promises more innovation at an ever faster pace. It

is clear that a broadcaster that must wait for “new
features” or enabling technology to be hard coded into
their system, risks falling seriously behind. They must
now be able to react to their changing environment
quickly, and on their own. The automation and playout
system is the backbone that defines and delivers the
broadcasters product. It must be designed with this
flexibility at its heart.
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ABSTRACT

Conditional Access is the precise definition of the two
words put together; access is based upon certain
conditions. When applied to digital broadcasting, a

consumer gets just what they want, no more and no less.

This model works well for subscription pay services
including pay TV.

So, how can this conditional access work for terrestrial
HD Radio? How does such a system fit into a radio
station environment and into radio station operations?
Does terrestrial HD Radio have advantages over other
transmission media? What programming works with
conditional access?

This introductory paper examines, in understandable
professional terms, the possible implementations of
conditional access within HD Digital Radio.
Conditional access equipment fits into the station,
mates to other equipment that may already be within
the station, operates within the station’s work flow, and
creates new operations that the station must perform.
This paper’s explanations will allow all to comprehend
the impact of this new and emerging radio broadcast
capability. It suggests some business possibilities that

may make conditional access implementation profitable.

WHAT IS CONDITIONAL ACCESS?

Under a conditional access system, reception of
transmitted content only occurs when the receiver is
authorized to receive the transmission and has the
appropriate capability to decrypt the broadcast content.
The receiver meets the broadcast conditions and
provides access to the content.

Two main concepts embody the technology of
conditional access: entitlement and scrambling. The
entitlement is an authorization; the scrambling is an
encryption of the content.

Entitlement is a right, privilege, or claim. In order to
get an entitlement, the recipient must make a contract.
In a standard broadcast model, the consumer calls the
provider or visits a website and supplies information.
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They either already have or they arrange for receiver
equipment and they order content, programming, or
channels. The system handles everything automatically
from this point forward, with entitlements based upon
the arrangement transmitted from the provider to the
correct and appropriate receiver only. The reception
equipment knows what is supposed to receive and it
provides the desired service.

Scrambling is mixing up or jumbling. For conditional
access, such scrambling must be done so that the
original content can be reconstructed without error or
significant delay. The transmission side performs the
scrambling, often using a known and standard type of
methodology like 3DES or AES and a standard number
of bits, like 128. Information about how to descramble
the transmission is sent along with the content. The
scrambling, while using a standard methodology, is an
unknown due to frequent key changes and will not be
decipherable unless the receiver is qualified by an
entitlement. The scrambling key is dynamic and
changes often over time. These keys, which are used to
unlock the scrambling, are never sent directly, but are
themselves disguised or encoded so that only a true and
entitled receiver may enjoy the programming or content.

Both transmission and reception are a part of this
ecosystem. The transmitter and the receiver have
complimentary provisioning. The broadcaster transmits
entitlements; the receiver recognizes only its own
entitlements. The broadcaster transmits scrambled or
encrypted programming; if entitled, the receiver can
descramble or decrypt the programming.

HOW CONDITIONAL ACCESS WORKS FOR HD
RADIO

In many conditional access implementations, the
service is offered by one single platform supplier. That
supplier provides all the services, the content or
channels, and is the source for all the entitlements.
Examples include DirecTV for satellite TV,
Cablevision for Cable TV, Qwest for IPTV, and Sirius
for satellite radio. All content, all services, all



entitlements, and all authorized equipment for that
system originate from one source, the platfarm provider.

This is not and cannot be true for terrestrial digital radio.
Content suppliers, radio stations, and station groups
will continue to independently compete. A conditional
access system for HD Radio must coordinate all of
these entities, without business interference, so that any
equipped receiver may possibly receive these
broadcasts.

Every station or station group that deploys conditional
access will have the same type of equipment and
perform a similar scrambling process. At the same time,
each station or station group must be uniquely distinct
and recognizable by any equipped receiver. There can
be no identity, channel identification, or programming
ID duplication.

In order for the system to operate correctly, every radio
must be uniquely identified so that its entitlements can
be individually addressed to it. Consumers should
receive only the programming that they desire and only
the programming that is intended for them. Each radio
or receiver must perform similarly with every broadcast
source.

The best possible answer is to have something within
the system that ties everything together. This portion of
the system must provide unique station and conditional
access service identification to each participating
broadcaster. It must authenticate the broadcaster and
then provide the information that differentiates the
stations.  This portion of the system also holds
information about each unique equipped radio. It must
be able to identify each unique radio and provide it
information so that it will perform with the desired
broadcast or content.

Such a system is shown in Figure 1. The system
includes the existing HD Radio system Exciter,
Exporter, and Importer. Oniy channels created through

the Importer may be encrypted as it is anticipated that
the main program will remain free-to-air for station
license purposes. The Importer will contain a new
capability called the Scrambler. The Scrambler will be
inert unless the conditional access equipment is in the
system. The Scrambler can be used to encrypt multiple
channels or programs simultaneously.

The conditional access system contains several
operational components; the two main functions are the
Entitlement Management Message Generator (EMMG)

and the Entitlement Control Message Generator
(ECMQ). The EMMG generates Entitlement
Management Messages (EMMs) which qualify

individual radios. The EMMs are transmitted through
the Importer on a low bit-rate data channel. The
ECMG generates information about the scrambling
keys. The Scrambler uses the keys to encrypt the
content; the Entitlement Control Messages (ECMs) are
transmitted through the Importer and to the receivers.
The receivers use this information to recreate the
control words that will descramble the content.

The ECMG, because of timing and associative reasons,
must be co-located with the Importer at the station. The
EMMG and the control over the system operation can
be located anywhere, including a Network Operations
Center (NOC). A NOC can control multiple stations
and route entitlements to either a single or many
definable stations. In this fashion, a station group or an
aggregator can operate and control numerous stations in
a cost efficient manner.

The portion of this system that ties competitive stations
and all radio receivers into a cohesive unit is called the
National Resource Manager (NRM). The NRM verifies
station authenticity, provides unique conditional access
service identification, verifies and signs radio
entitlements, and holds the database of all radios.
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RADIOS AND RECEIVERS

This paper focuses on the broadcast implementation of
conditional access. However, in order to understand the
broadcast requirements, it is important to understand
some basic radio requirements.

The radio must be able to decode or decrypt the
scrambled content transmission in real time. In order to
do that, the radio must know how the content was
scrambled and it must already have the information it
needs from the system to decrypt it. In a secure system,
the information about descrambling and how the
content was scrambled is only available to authorized
receivers. The authorization comes from entitlements
within the broadcast. Through an entitlement, the
receiver knows that it is supposed to receive the
scrambled signals and it knows how to obtain the
descrambling information.

Addressing radios in a system that can receive from
many broadcasting sources requires something special.
Every radio must be unique to the system, even though

the radios can come from many different manufacturers.

The most efficient technology that makes every radio

unique is serialization.

Each radio is uniquely serialized through the decoder
chip. Each decoder chip contains some unique codes
and with it, some embedded secrets. The chip/radio
identification can be accessed through an activation
sequence on the radio. When the consumer calls or
registers via a website with the radio information, the
system can identify the radio ID authenticity and
individually address that radio.

The serialization information is provided to the decoder
IC manufacturer by the conditional access manufacturer.
The National Resource Manager also knows all the
serialization information.  Servers located at chip
manufacturers and connected to the conditional access
manufacturer will program the data that individualizes
each HD Radio decoder chip. This process is done for
other broadcast systems and is well known in integrated
circuit manufacturing.

When the consumer wishes to register their radio and
receive conditional access programming, they call the
station or register with the online site. With the proper
radio ID information, the receiver, within seconds, will
obtain its entitlements and automatically turn on, as
shown in Figure 2.

verses

-0

er
-

Figure 2 - Entitlements Allow the Encrypted Programming
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A CONDITIONAL ACCESS SYSTEM WITHIN
THE HD RADIO STATION ENVIRONMENT

Conditional access equipment must fit into the station,
mate to other equipment that may already be within the
station, operate within the station’s work flow, and
create the new operations that the station requires.

A conditional access system will connect to the HD
Radio Importer version 3.0 or higher. V3.0 contains the
HD Radio scrambler module; previous versions do not
have this capability and cannot be used for conditional
access. The scrambler will be inert or inactive without
a conditional access system. Once activated, the
scrambler will continue to operate as last instructed,
even if disconnected from the CA system.

For an individual station, the conditional access system
is embodied in two boxes.

The first box, called the Protector™, mates directly to
and must be co-located with the HD Radio Importer.
Within the Protector is the Entitlement Control
Message Generator (ECMG), and the Entitlement
Management Message Spooler, which is a buffering
and smart carousel transmission of radio entitlements.

Network Operations Center

The second box, termed the Initiator™, mates to the
Protector and to the National Resource Manager. The
Initiator can exist anywhere in the station environment.
It contains the EMMG, a User Interface, setup and
control over both its own operation and the Protector,
the ability to enter information about radios that are
authorized to receive from the station, and connectivity
to and from the NRM for authorization, verification,
and unique radio receiver communication.

The Initiator is intended for single station operation.
The type of operations that this box provides may be
created on a much larger scale through a Network
Operations Center. The NOC may then set up and
control conditional access for many station Protector
boxes, as shown in Figure 3. EMMs from the NOC
EMMG are steered to the appropriate station or stations.
The NOC connects to the NRM on behalf of all
broadcast stations within its system.

If there is both an Initiator and a NOC, the NOC makes
submissions to the Initiator. Content providers, such as
Premier Radio or Westwood One, submit their content
and conditional access parameters to the station group
NOC or the station Initiator. This submission process
provides control to the most local entity, preserving
traditional US terrestrial broadcast radio localism.
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Figure 3 — A Network Operations Center Replaces the
Initiator and Controls Multiple Station Protector Boxes
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CONDITIONAL ACCESS OPERATIONS

Equipment setup for the conditional access system will
be straightforward. A structured entry of station
information will activate the equipment.

Application of conditional access can be as simple as
turning it on for specific multicast channels and leaving
that to run until the station decides otherwise.

The system will also support constant change.
Conditional access changes will require operational
personnel to access the user interface. CA can be
applied to specific programs or channels and changed at
the discretion of the station operators. One program
may be encrypted but the next program may be free-to-
air.

Future automation systems will mate to conditional
access. Because of the new programming opportunities,
automation systems will need to control multiple
playlists and will also need to control additional station
equipment. The automation system may provide one
place to access and setup the entire station system.

Radio/receiver data entry is another operational
requirement. When the consumer registers their radio,
the radio ID information is the critical infoermation for
entitlement. However, this registration process is an
important moment for the radio broadcaster. This is an
opportunity to learn more about the consumer. That
information will be extremely valuable for the station
advertisers. Stations and station groups will have some
free choice concerning what information is required for
registration.

The standard conditional access equipment will provide
capability to entitle radios for the beginning of the
station business or for the life of a small station. If the
registered radios exceed several thousand, the station or
station group should consider either a separate
subscriber management system (SMS) or some
subscriber or membership software that can be
integrated with the conditional access system.
Integration with most well-known SMS systems should
be an easy process.

Radio registration information can be accepted as direct
data entry from operations personnel or a contracted
service, entries from an SMS system, or from a web
portal that allows the user to self-register. Internet self-
registration, once successfully integrated, may provide
the lowest cost but may also prove frustrating when the
Internet presents a potential barrier, or for those that do
not understand the required radio equipment
information.

THE NATIONAL RESOURCE MANAGER

The NRM is outside the station environment and is a
facility supplied by a third party, the conditional access
provider. It is not part of the radio station or station
group. Every new station installation is verified by the
NRM. Every request for radio entitlement is verified
by the NRM. 1t is a very large database and is the
source information for and about the system.

The National Resource Manager will be an equipment-
redundant installation. As the conditional access
system proliferates, there will be site redundancy.

Under most operations, the radio station or station
group will never know that the NRM is in the system.
The only time that the NRM is evident is when there is
a problem. The primary problem will be that the radio
receiver that is being registered does not have
appropriate serialization. The consumer is trying to
register a radio that is not part of the system.

DIGITAL TERRESTRIAL HD RADIO
ADVANTAGES OVER OTHER TRANSMISSION
MEDIA

It may be tempting to complain that each radio station
allocation represents a narrow bandwidth and because
there are already signals occupying that allocation,
there is relatively little space for great accomplishments.
However, the HD Radio system is proving such
complaints unfounded.

HD Radio has shown how a digital overlay can perform
tremendous service and that the digital signals can be
grouped to provide multiple offerings even though there
is an analog signal occupying the associated bandwidth.
While there may be less transmission bit space per
radio station than TV broadcasts, cable, or telephony,
the over 13,000 active US terrestrial radio stations
represent tremendous throughput. There is a roadmap
to an all-digital station, which will provide even more
bit space and greater opportunities.

Our population is already habitually involved in
terrestrial radio. 233 million people listen to terrestrial
radio an average of 19.5 hours per week. There are 230
million registered cars with radios; 17 million new cars
are sold each year, virtually all with terrestrial radio.
New models will include HD Radio. Approximately 70
million new radios were made last year and there are
over 800 million radios in the US.

HD Radio’s creators have had an opportunity to
examine the successes and failures of other
transmission media. 1t is easy to see that WebTV failed
and that digital video recorders are a hit, although the
penetration of such DVR devices is still statistically low.
The iPod is an audio experience; even Video iPod
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usage is 99% audio. An iPod device that can also
receive content from a broadcast source may have
significant value. The same companies that brought
successful TV and Internet technology will bring
successful HD Digital Radio technology.

Technology by itself does not guarantee success.
Content is King. There will undoubtedly be some
national offerings, particularly music from the larger
music labels. Conditional access and digital rights
management will be used for stored programming and
will be particularly important for the music labels and
their agent, the Recording Industry Association of
America (RIAA).

The biggest advantage for terrestrial broadcasting,
particularly radio, is localism. Even with higher
penetration of national offerings and increased speed in
communication, people within a local area still value
their hometown above all else. Morals and values in
Peoria, Illinois are different than New York City.
People in Texas like Friday night high school football
and they want programming that speaks to their lives
and to their neighborhood. While programming success
might be spelled somewhat differently from one local
community to the next, HD Radio is well positioned to
accommodate this.

HD RADIO PROGRAMMING THAT WORKS
WITH CONDITIONAL ACCESS

Satellite radio is heavily focused on music
programming with little to no commercials. Patrons
pay for this service, with rates around $13 per month.
The success of satellite subscription radio is debatable.

Because terrestrial radio is traditionally a free service,
one might expect that HD Radio subscription services
would be the last thing to develop. While that may be
true for music programming, one might expect data
subscription services would be successful from
inception. Traffic services are a good example of a data
service. Radio signals are hearty and data transmitted
to specific applications would require little bandwidth
while providing maximum satisfaction. Conditional
access is required to secure these data services.

Public service may fuel early conditional access
successes. Local Fire, Police, and Emergency Services
may require a private emergency channel.  The
International ~ Association of Audio Information
Services (IAAIS) provides radio reading services for
the blind. These readings include copyrighted books,
newspapers, and magazines; under agreement, these
must be offered only to those who are impaired.
Conditional access is required to maintain public
service privacy.
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Pay-per-listen events have high value. Concerts, in
particular, seem to extract a strong positive consumer
response. Special events of any kind, those that occur
on a one-time basis, can provide a new source of
revenue for terrestrial radio.

Membership has its privileges. For example, NPR
stations can provide additional programming that is
entitled only for its members. During pledge periods,
where members receive pledge-free programming, the
general public receives donation requests.

The most promising offering, however, seems to be
“opt-in” services. Opt-in means that the consumer
wishes to receive these program services and they make
the appropriate arrangements to obtain them. The
consumer pays no fees or subscriptions because the
service or subscription is advertiser supported. Like
cable TV or satellite subscription radio, such opt-in
services may be outside profanity restrictions. While a
decision specifically on this has not been obtained from
the FCC prior to this paper’s publication, such a
decision would be consistent with other rulings.

Protected opt-in services, available only to those that
subscribe through registration, would then have certain
artistic freedom and will open up new avenues and
programming opportunities. This may affect talk shows,
comedy channels, and music that may not be available
on a free-to-air station, as well as medical and religious
programming.

OUTSTANDING RETURN ON INVESTMENT

The radio station management might be tempted to ask
“What is the Killer App?” and “What will be my return
on investment in conditional access?”

The good news is that the conditional access system is
flexible. It will support data transmission for
applications as well as audio. It will support channels
that are scrambled all the time as well as part-time and
pay-per events.

The “killer app” is going to depend upon the offering,
the local station, and the intended audience. For a blind
person, the “killer app” is Radio Reading Services. For
NPR, it may be membership benefits. For the hardcore
commuter, it may be traffic information.

The offering that seems to extract the largest positive
response from both broadcasting professionals and
consumers involves opt-in.  Opt-in continues the
advertising-based model. Since the consumer is known,
advertising is more valuable because it can be focused.

With opt-in, the radio station will have additional
creative license and should be free to program offerings
that compete and exceed satellite channels. For the



consumer, receiving a free, fashionable service is
extremely attractive.

While there are no predictive statistics for increased
income or return on investment at this time, we believe
that the broadcaster should, for a modest additional
equipment investment in their present HD Radio
installation, expect to double their present income with
HD Radio conditional access protected services.

Pick an application or programming that you feel suits
your station, community, and expected target audience.

CONCLUSIONS

The conditional access product for HD Radio is a well-
conceived offering that easily fits and integrates with
compatible standard HD Radio equipment. One
conditional access box provides the data for scrambling
and data streams that will be wused by the
complimentary and entitled radio receiver. Either a
second box or a Network Operations Center registers
users, enables entitlements, and provides setup and
control over the conditional access system. The system
should be easy to install and set up. Operational
requirements vary depending upon the desires of the
station or station group, spanning from set up once to
integrating with a subscriber management system or an
automation system.

Conditional access also provides for new offerings and
opportunities. This technology coupled with content or
programming that may appeal to the local broadcast
audience should deliver tremendous commercial
success.
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REDUNDANCY IN METADATA GENERATION
SYSTEMS

Srinath V Ramaswamy
Rich Chernock
Triveni Digital Inc
Princeton Junction, NJ

ABSTRACT

Metadata generation systems have become mission
critical components in today’s DTV plants. Mectadata is
used in the DTV transmission to facilitate tuning and
provide information about the shows and schedule.
Metadata is also used to enable many of the enhanced
features available with DTV: support for multiple
languages, advanced captioning and even scheduling of
DVR recordings. In the US, the FCC has mandated that
all DTV transmissions must contain correct PSIP
(metadata) information. Besides violating the FCC
mandate, loss of PSIP information in the broadcast
stream can disrupt viewability. Outside of the US, the
DVB System Information (SI) [1] serves the same
purpose, with similar problems if disrupted. For IPTV,
the program guide (based on metadata distributed from
the Central Office) plays the same pivotal role.

It has become necessary to ensure that the flow of
metadata into the broadcast stream is uninterrupted, best
achieved through redundant configurations. Redundant
metadata system architectures need to ensure that both
intemal and external failures are detected and
appropriate actions taken for continued operation. For
example, internal failures could include database
failure. application errors, etc. and external failures
could include failures in the link between the metadata
generator and downstream  devices (such as
Multiplexers/Encoders). Redundant architectures also
need to support automatic switchover so that the backup
generation system is brought into place seamlessly.

This paper details the importance of redundancy in
metadata generation systems and also discusses several
possible architectures to achieve uninterrupted
operation.

INTRODUCTION

Metadata generators play a vital role in providing
information to consumers that would allow them to
experience DTV to its fullest. For instance metadata in
the form of Program and System Information Protocol
(PSIP, an ATSC standard {[2]) contains tuning
information and schedule data that allows the user to
tune to his/her channel of interest and view
programming information. Besides provide tuning
capabilities and a program guide, PSIP preserves station
branding. Similarly, outside the US in the DVB arena,
the Service Information (SI) standard specifies metadata
that allows DVB users to discover services and view
programming information. Similarly in IPTV systems

programming data in proprietary format and discovery
information are provided to consumers IPTV set top
boxes. The discussion below will focus on PSIP
metadata, but mention will be made of considerations
for DVB Sl and IPTV metadata as appropriate.

WHY DO WE NEED REDUNDANCY?

In 2005, to protect the consumer, the FCC mandated
that PSIP (as prescribed in the ATSC A65/B standard)
be carried in all DTV signals emitted by terrestrial
broadcasters. This mandate resulted in PSIP generators
being widely deployed in tesrestrial broadcast stations.
Another result of this mandate was that the reliability
requirements for PSIP generators became equivalent to
other equipment in DTV stations, requiring them to be
fully operational 24/7. Loss of PSIP information or
incorrect PSIP  would not only violate FCC
requirements but could disrupt viewability and also
push consumers into receiving their television content
via other medium. Inaccurate PSIP could also create
issues in DTV pass thru devices and DVR enabled
receivers.

FCC mandated PSIP requirements

The FCC mandate places the following important
requirements on the PSIP present in the broadcast
emission:

e PSIP base tables MGT, STT, TVCT, RRT
(except region 1) shall be present and carry
accurate information. The STT shall be
accurate +- | second

e EIT’s 0-3 carrying correct event information
for up to the next 12hrs shall be present

e The DTV major channel number used will be
the NTSC RF channel number'

¢ Closed captioning service descriptions
(caption_service_descriptor) shall be present
when a program carries closed captioning data.
These descriptions shall be in present in both
the EITs and PMTs for that program

e When a program has a content advisory the
parental  advisory = V-Chip  description
(content_advisory_descriptor) shall be present

" A small number of exceptions to this requirement
are documented in A/65
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e If audio is present then the audio stream
description (audio_stream_descriptor) shall be
present

PSIP METADATA GENERATOR SYSTEM
ARCHITECTURE

A PSIP metadata generator typically consists of
several distributed software components and hardware
devices that it relies on to gather schedule information,
resolve and generate metadata in the appropriate format
and send the metadata to downstream devices in the
appropriate format. Figure 1, below, depicts a typical
metadata generation system and its sources of schedule
information and its metadata destination points.

;‘Listing Service |

= @

Conﬁg}xmtion \

Automation |
J
Traffic ;

Networlg ]
| Metadata

Multiplex;r;
/ /Encoders
\ R;n;uftiplexem ‘

Figure 1. Metadata (PSIP) Generator system

In the above system:

e The database server holds the schedule and
generator configuration information

e The Program Editor allows the user to
modify/add/remove schedule data and provides
a view of programming information that is
currently being transmitted as well as allowing
the user to make last minute changes.

e The Configuration Editor allows the user to
create and maintain the station’s PSIP
configuration. It also allows one to set up input
and output interfaces in order to specify the
metadata flow.

e Input interfaces gather schedule data from one
or more sources - such as Listing, Traffic,
Automation, network PSIP ingest,
multiplexers, encoders etc...

¢  OQutput interfaces supply the PSIP metadata to
external multiplexers, encoders  and
remultiplexers. In many cases the output
interfaces might tightly integrate with external
MPEG-2 stream sources to generate the
correct PSIP/PSI/SI tables. These connections
typically use ASI or IP.

Coordination is necessary between PSIP and PSIL
Per the FCC mandate on PSIP, the caption_service
descriptor needs to present in both the EIT and PMT for
events that are captioned (both carrying the same
information). If present, the Redistribution Control
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Descriptor (Broadcast Flag) must also be present in
both locations. This need for coordination often results
in the generation of PSI by the Metadata generator.
When the PSIP generator is tightly integrated with the
multiplexer, it becomes easier to have the metadata
generator generate PSI consistent with PSIP based on
the current active transport stream configuration setup
on the multiplexer/encoder. In such configurations it
becomes even more necessary to deploy a redundant
system since without proper PSI and PSIP, DTV tuners
are guaranteed not to operate.

In many Terrestrial DTV deployments the output
signal is remuxed into cable and satellite feeds. At the
local remux locations, cable/satellite/iptv equipment
may rely on the PSIP/PSI metadata to discover services
and provide programming information to their
consumers. Failure of correct metadata would result in
disruption to carry through of these terrestrial DTV
services and affect important revenue source.

TYPICAL METADATA GENERATOR
CONFIGURATIONS

Single Station
For a typical single station, a single PSIP generator
system will provide PSIP for the single DTV emission

signal.

Dual/Triple Station



For this configuration, a single PSIP generator
system can provide the PSIP needed for two or three
stations that operate within a state or in close proximity.
One physical PSIP generator with multiple outputs will
be suitable for this type of configuration.

PSIP Central Casting

PSIP Central Casting systems generate PSIP for
many more than 3 stations, which typically are
geographically widespread. A similar situation exists
for the DVB SI scenario - providing SI data for many
streams spanning many networks. One or more servers
that are centrally located will gather schedule
information for all of the stations and generate the
appropriate metadata. Once encoded, the metadata is
transferred across a WAN to each of the emission
stations, where it is injected into the emission multiplex.
Redundant metadata systems are very important for the
central casting configuration since one system provides
PSIP/SI data for many DTV streams.

POTENTIAL REASONS FOR PSIP GENERATOR
FAILURES

Listed below are potential causes of metadata
generation malfunctions:

e  Software errors

Operating system issues

Driver issues

Database corruption

Viruses

Metadata Generator software errors
Network connectivity issues

e Hardware errors
e Disk failures
e Time code card failure
e  (ASI) Output card failure
e  Missing tables
e Table timing errors

PSIP REDUNDANCY SOLUTIONS

Some simple hardware failures may be protected
against by relatively simple hardware solutions, For
example, a metadata system may be protected against
hard disk failures by incorporating RAID arrays or
power supply issues by incorporating redundant power
supply units. However, the majority of the failure
modes listed above require more complex redundancy
solutions as discussed below.

What about carouselling?
A common configuration for PSIP generation

involves the PSIP generator pushing encoded PSIP
tables to the multiplexer, where they are played out at

rates defined by the PSIP generator (carouselling as
opposed to streaming). While there is a degree of
resiliency due to this design (when communications fail
between the PSIP generator and the multiplexer, PSIP
continues to be present in the emission stream), the
need for redundancy is not obviated for the following
reasans:

e  PSIP/PSI could be inaccurate after a channel
line up change. As an example, the viewer may
not be able to tune to a channel that was
previously declared inactive but is active now.

e Changes that occur during the time the PSIP
generator is down are no longer available. For
instance the rating for a program may have
changed, or there might be an event overrun
whose information is no longer available.

e Event information is no longer available after
the current set of information expires.

Redundant Muliplexers/Encoders

While not a metadata redundancy system, in some
cases the operator feels that his system is more at risk of
a failure in the multiplexer or encoder than in the PSIP
generator. In this case a single PSIP generation system
would meet the metadata needs of both the primary and
redundant  multiplexers/encoders. The metadata
generation system would provide a similar output to
both the primary and redundant multiplexers/encoders.
The redundancy is not required in the metadata
generation system itself and is missing in such
configurations. While this configuration protects against
fadures in the multiplexing and encoding equipment,
there is no protection against PSIP generator issues.

Multiplexers/
Encoders

Redundant
Multiplexers/
Encoders

Figure 2. Redundant multiplexers/Encoders

Ccold Spare Redundant PSIP Generation
System

For this configuration, the redundant or spare PSIP
generation system is not activated full time - it is
activated only when the primary system fails. This setup
requires user intervention when a failure occurs and
does not offer the benefits of more automated
approaches, such as automatic switchover, error
detection from active redundancy with monitoring,
database mirroring etc. This configuration does not
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guarantee uninterrupted delivery of metadata to
downstream devices.

EeTe =
Primary

PSIP : ;
Multiplexers/
i Encoders
——7

Cold spare

PSIP

Generator
o 4%

Figure 3. Cold Spare Redundant System

1+1 Metadata Generator Redundancy

In this configuration, there are two separate physical
metadata generators (the Primary and Redundant
system) that are tightly coupled. The Redundant system
monitors the Primary’s output for errors, and the
Primary’s health using SNMP and heartbeat
mechanisms. Upon detection of metadata generation
failure, the redundant system can automatically take
over metadata generation.

Figure 4, below, depicts the interactions between
the Primary and Redundant system internal components
in facilitating redundancy.
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Redundant PSIP Generator
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Figure 4. 1+1 redundancy solution

The Primary PSIP generator operates as normal,
dynamically generating metadata by acquiring schedule
data from wvarious input sources and creating
PSIP/SI/PSI  tables that are then fed into
multiplexers/encoders via a router. The router might be
an ASI or IP router, depending upon the input
connection into the multiplexer. In this configuration
the Primary’s database is periodically replicated into the
redundant database server. This allows the redundant
system to not only automatically create a copy of the
database (which will include any manually scheduled
events) but also to take over metadata generation with
most current configuration setup on Primary with
minimal user intervention.

Besides feeding the multiplexer, the output of the
primary PSIP generator is also routed to the monitoring
module (“Mon” in Figure 4), where the PSIP is checked
for validity. Errors in PSIP that would be representative
of a failure can cause a switchover in PSIP source.

Based on a user configurable switching criteria
(described later) the redundant system could be
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activated automatically and it could request the router to
route its generated metadata to the downstream
multiplexer/encoder and block the metadata from the
primary reaching the downstream devices. Depending
upon the connection needs, the router could be a typical
ASI router or an IP router whose routing functionality
can be controlled from the redundant system.

To facilitate redundancy the Primary system
monitors its internal component’s health and provides
heartbeats and SNMP data to the redundant system. The
primary system could also request the redundant system
to take over metadata generation when it detects alarms
from various internal failures, one of which might be its
inability to communicate with cards that generate ASI
streams or hard disk failures.

In the redundant mode the redundant system does
the following,

e Mirror Primary’s database



¢ Monitor the validity of PSIP on the Primary’s

IP/ASI output

e Play the role of watchdog, listening in to
heartbeats from the Primary’s internal
components.

*  Monitor SNMP parameters and traps to detect
Primary internal components failures.

e Monitor alarms from tightly integrated
multiplexers/encoders to detect metadata
€rTors.

The monitoring module described above has the
following features:

e Handles both ASI/IP input errors

¢ Detects MPEG-2 Transport packet errors

e Detects PSIP errors, including improper
schedule data

e Table timing errors

e PSIP errors per ATSC A/78 [3]

e Slerrors per ETR 101 290 [4]

The I+] redundant solution would meet the
metadata redundancy needs of the majority of DTV
stations configured in the single station or dual/tripte
station configuration, which requiring a single Metadata
generator. This system would also provide the metadata
needs of redundant downstream devices, but the
switchaver criteria for the redundant system may be less
stringent compared to the primary multiplexer’s feed,
There could be more than one router in such
configurations. The redundant system could be on a
low cost server and could also function as a minimal
monitoring solution.

N+M Redundancy solution

For complex DVB SI metadata generation or PSIP
Central Casting configurations there typically might be
more than one metadata generator providing SI/PSIP to
many networks and stations. In such scenarios, for N
metadata generators, there could be M redundant units
-where M<N and M often is one. Figure 5, below,
shows the architecture for such a configuration.
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o db > =
[INPUT P oP _ > To Mux
'SOURCES Intfs / Intfs - [5 ROUTER
e . by - > - »
Database | | To Redundant
SNMP. Mirror | ——— Mux
Heartbeats |
I

Intfs

1P \om

Redundant GuideBuilder

Mon

l
|
!
|

Intfs _J‘

Figure 5. N+M Redundancy configuration

For this configuration, each redundant unit would be
the backup for a subset of the primary unit(s) with the
load assignment made during mitial configuration. The
redundant unit would mirror the databases of the
primary units that it is assigned to. Similar to the 1+1]
configuration there would be SNMP and heartbeat
based monitoring and also the capability to
automatically take over the operation of the primary
upon detecting a failure. This is a much more complex
system than those described above, especially when
automated switching is involved as the redundant
system would need to correctly configure itself to match
the failed Metadata generator’s configuration.

Criteria for Automatic Switchover

The following conditions would cause the redundant
metadata generator to automatically take over metadata
generation (alternatively, in the manual mode these
could trigger an alarm to the operator indicating that
attention is needed):

¢ Emission MPEG-2 Transport packets are not
MPEG-2 compliant (too many Continuity
Counter errors, CRC errors, section errors
etc...)
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e  PSI data incorrect or not present (this is chosen
if the user has activated PSI generation on the
metadata generator)

PSIP data is not A/65 compliant

DVB SI data is not compliant

No output stream detected

Heartbeats are missing from primary

Unable to communicate with end devices
Metadata generator internal errors

Errors detected in multiplexers and encoders
tightly integrated with the Metadata generator

The above automatic switching parameters would be
user configurable such that the user can determine the
appropriate switching criteria to be applied to match the
station’s operational requirements.

External Communications

In all of the above redundancy configurations the
PSIP generator system should be capable of providing
alarms via email, SNMP traps etc... to external
monitoring equipments or users.

CONCLUSION
Metadata (PSIP/PSI/SI) plays a vital role in today’s

DTV systems. There is a requirement for metadata
generation systems to be safeguarded against potential
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impairments through the placement of redundant
metadata generation systems. The FCC mandate
requiring the inclusion of PSIP in broadcast DTV
streams has made it even more compelling to implement
redundancy in PSIP generators. The fact that viewers
may not be able to tune at all without proper
PSIP/PSI/SI information makes it very important to
have the metadata generator operational 24/7.

Feasible redundancy solutions are described above.
By choosing the appropriate redundancy solution a
DTV station can guarantee reliable metadata generation
thus ensuring viewership and quality of service.
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THE USE OF ANALOG EQUIPMENT
FOR DTV TRANSMISSION

Myron D. Fanton, PE
Electronics Research, Inc.

INTRODUCTION

At the termination of DTV simulcasting, many
broadcasters are assigned their original NTSC analog
channel for their ATSC digital transmission. Faced
with this channel assignment the use of the original
transmission equipment is a real option. An
engineering analysis of RF transmission equipment
informs the decision and defines the limits in using
existing equipment designed for analog operation.

POWER CAPACITY

Key to the analysis of equipment designed for analog
TV service is the specification of power capacity. The
average power capacity denotes the management of
heat within the RF component, primarily affecting
product lifetime. Peak power capacity governs the
maximum sustainable voltage gradient without
ionization of the dielectric material.

Peak power, called at times peak envelope power, is
specified as the average power in a steady-state,
continuous wave (CW) that produces the desired
instantaneous peak voltage [1]. In this manner the
power of NTSC transmissions are specified as the peak
power of the visual synch pulse. Digital power is
specified as average power, the ratio of peak to average
power varying with the modulation scheme.

The computation of instantaneous peak power values
should be avoided as impractical.  Though the
semantics may be clumsy, peak power quantities are the
RMS average of sine waves that achieve specified
peaks. Instantaneous voltage peaks have both
computational and practical value.

Equating the total, instantaneous peak voltage produced
by NTSC and ATSC television transmission yields the
following.

=(1+\/;): 0

Pyrge w

PDTV

The fraction, x, is the aural-to-visual ratio of the NTSC
transmission, typically assumed to be 0.10 but can be
larger in practice. The peak-to-average power ratio of
the DTV transmission is the factor w, typically assumed

to be 5 for 8-VSB modulation, but also can be larger in
practice.

P
L =(x+y) ¥3)
PNTSC'

The total Average Power of the combined visual and
aural NTSC transmission is typically assumed to be
70% of the specitied visual power. The average power
of the visual transmission, a fraction y of the specified
peak power of the visual transmission, is .60 for the
worst case, black screen condition.

Therefore, 7kW of DTV power produces the same
voltage peaks as 20kW of NTSC power and the same
average, heating power as 10kW of NTSC power. With
a 20% reduction in specified power between the two
systems, RF component peak power capacity has a 70%
safety factor and average power 350%.

Peak Power in Coax

The power handling capabilities of coaxial lines are
based primarily on two factors: the maximum peak
power (or maximum voltage gradient that can safely be
present) and the maximum average power, which is
determined by the allowable temperature rise of the
inner conductor.

Deriving the peak power capacity of coax begins with
the computation of a required DC test voltage and
relates this to an RF voltage and peak power.

The DC test voltage is derived from the following
equation that includes the air density derating factor:

d 0.273
E =13.17x10°\d&) | [—D(H ] 3
P ( X X {Og D m ()

where

E, = production test voltage, V

O = air density factor = 3.92 B/T

B = absolute pressure, cm of mercury

T = temperature, K

(0 =1 forB=76cmand T =23°C =296 K)

The production test voltage is converted to RF RMS
voltage,
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where

Frr = maximum RF RMS operating voltage with no
derating for VSWR or modulation, but includes a
safety factor, SF.

1/4/2 = RMS factor

0.7 = DC to RF factor [2]

SF = safety factor for voltage (typically 1.4 for coaxial
cables and 2 for rigid coax)

The peak power rating in watts, P,, can now be

calculated:
(0.7)E,
_EL \ SF\2
=2, ="z, ®

On the first order, derating for the presence of standing
waves may be performed by simply dividing by the
VSWR. The nature of reflections originating from the
RF system has been studied [3]. The Channel Reflected
Energy (CRE) is defined from measured reflection data
(i.e., VSWR data) and is related to SNR degradation in
the DTV receiver. The CRE is the RF system
performance parameter relating directly to DTV
reception and analog system reflections should present
negligible degradation to DTV system performance.

For most installations, the peak power ratings will not
be a significant factor as they are typically much higher
than a single transmitter system can generate. The
primary concern will be for multiple channel
installations where two or more TV signals are
combined into the same transmission line. If the peak
voltages from two or more signals of equal power add
together in phase, the equivalent peak power rises as the
square of the number of carriers. In this situation,
voltage levels can become the primary concern in
specifying the transmission line type.

Average Power in Coax

The average power rating is determined by the amount
of heat created due to line losses. The temperature rise
is primarily limited by the safe, lifetime performance of
the dielectric material used to support the inner
conductor. Since the temperature rise on the inner
conductor is greater than the outer conductor, the
maximum allowable temperature is normally specified
based on inner conductor temperature at the rated
power level. Typical industry conditions have been to
allow the inner conductor to reach a temperature of
100°C with an ambient temperature of 40°C. This
means the inner conductor temperature is allowed to
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rise 60°C above the ambient. The average power rating
can then be calculated using the following equation:

P = @)G_Q (6)
o aM ,
where

P, = average power rating for 60°C rise of inner
conductor temperature

D = outer conductor outside diameter, in

o = heat transfer caefficient of outer conductor,
watts/in2

M . — correction factor for attenuation (relative to
20°C)
a = attenuation constant, dB/100 ft at 20°C

Standard heat transfer coefficients are listed below in
Table | for rigid coaxial line types.

Line Size Zo g
7/8 50 0.1280
1-5/8 50 0.1200
3-1/8 50 0.1070 |
4-1/16 50 0.1035
6-1/8 50 0.0970
_6-1/8 75 0.0770
7-3/16 75 0.0760
8-3/16 75 0.0740
9-3/16 50 0.0900
9-3/16 75 0.0660

Table 1: Heat Transfer Parameters for Rigid Coax

The average power rating is based on the temperature
rise on the inner conductor and this in turn affects the
lifetime performance of the dielectric material.
Therefore, operation at higher temperatures will result
in a reduction in the life expectancy and reliability of
the line relative to the lower temperature performance.

Barring improper installation or damage, the typical
failure mode of coaxial lines is damage to the
connection points as a result of excessive heating over
time. Based on this observation, long-term operation of
coaxial lines at elevated temperatures is not
recommended.

Power Capacity of Antennas

Like coaxial transmission line, radiating elements reach
peak power limits when the dielectric surrounding them
begins to break-down. In a gas media this occurs as the
molecules ionize, causing arcing, scintillation, or
corona. In coax, this would typically occur at the inner
conductor, where the voltage gradient (E-field) peaks,
and an antenna with coaxial conductors will exhibit this
same limitation at high input power levels.



Pressurized radome enclosures eliminate the effects of
the environment on the internal components of the
antenna in the same way a supply of pressurized, dry
gas protects transmission lines. This reduces the
maintenance involved and increases peak voltage

capacity [4].

Slot antenna elements possess large voltage gradients
between the walls of the slots and between coupling
devices and nearby conductors. Dipole elements have
high fields near the feed-points and at the tips of the
conductors. The presence of this high field limits the
peak power capacity and highlights the need for
surrounding the element with pressurized, dry air.

The average power capacity of an antenna is
constrained by the management of energy dissipated in
components. Many antenna designs have short-circuits
to tune the input and terminate elements. This
facilitates heat flow from the inner conductor.
Radomes and other plastic components must be
designed to dissipate a minimumn amount of heat,
keeping operating temperatures low.

In any case, an antenna originally designed for analog
operation may be operated at equivalent peak and
average powers. Antenna equipment that has been
operating in a pressurized, dry environment will have
increased safety margins and extended useful life.

Creating Enclosures

Waveguide and coaxial transmission lines contain many
joints sealed with o-rings around the flanges.
Terrestrial and satellite microwave transmission lines
are similarly sealed and pressurized [5]. All such
transmission lines contain critical junctions that would
corrode or otherwise degrade in the presence of
contaminants, and for this reason that almost all high-
power broadcast transmission facilities have
pressurization equipment supplying dry gas to
transmission lines.

These systems contain o-rings and high-pressure
flanges providing a seal, and they are pressurized as
well. With a sealed volume of air, or any other gas, a
pressure vessel exists. Such volumes are created in an
effort to eliminate ingress of water or other
contaminants. A small amount of gas is leaked in every
seal, and over time a pressure differential will not exist
between the sealed volume of gas and the environment
surrounding it (Figure 1).

Efforts to create volumes sealed from environments that
include the passage of weather systems are often
thwarted by the pressure changes. A situation where
the outside pressure rises above the pressure of the
sealed environment is inevitable and accompanied by
moisture (Figure 2).  The moisture and other

contaminants are ultimately pumped into the sealed
volume. Without equipment to constantly provide
greater pressure in the enclosure, water and other
contaminants would be pumped into the sealed line
every time a front passes. Without a supply of dry air,
condensation forms on the inside of the enclosure.

Low
Pressure

Outside

Equilibrium
Occurs

Figure 1: Pressure Equilibrium in Low-Pressure Storm

Ingress Protection Ratings

The IEC Test Standard EN 60529 [6] outlines an
international classification system for the sealing
effectiveness of enclosures of electrical equipment
against the intrusion into the equipment of foreign
objects (i.e. tools, dust, fingers) and moisture. This
classification system uses the letters "IP" (“Ingress
Protection™) followed by two digits.

The first digit of the IP code indicates the degree that
persons are protected against contact with moving parts
(other than smooth rotating shafts, etc.) and the degree
that equipment is protected against solid foreign bodies
intruding into an enclosure. The second digit indicates
the degree of protection of the equipment inside the
enclosure against the harmful entry of various forms of
moisture (e.g. dripping, spraying, submersion, etc.)

Pressurized Antennas

Broadcast television antennas have critical components
that would be impaired greatly in the presence of water
or other contaminants. Many antennas have flange
junctions nearly identical to those critical junctions
found in the transmission lines mentioned above. In
addition, the performance of radiating elements,
coupling devices, and power dividing components
suffers if subjected to corresive or contaminated
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environments.  Without the use of pressurization
equipment to eliminate the ingress of contaminants,
periodic maintenance is required to clean and repair the
damaged surfaces.

High
Pressure
Outside

Ingress
Occurs

Figure 2: High Pressure System Moves In

Ingress protected antenna equipment, with P67 or
better ratings, requires no periodic maintenance. No
dust or debris from the harsh external environment will
contaminate critical conducting surfaces and points of
conductor contact. No water will be pumped into the
antenna by passing storms and pressure changes. After
30 years of service, critical components will still be
shiny and undamaged.

COVERAGE AND INTERFERENCE

The FCC rules for De Minimus Interference have
strategic application to enhance a DTV station coverage
performance. The original analog antenna pattern may
not be optimal for DTV coverage, especially if the
original azimuth pattern is omni-directional. The
advantage of directional radiation patterns is that they
simultaneously reduce interference and cover important
population centers at the same time.

The planning factors and analysis tools involved in the
design of the original analog station are substantially
different for DTV planning. Numerical models of
propagation and interference account for terrain and
population parameters. These changes may make the
current analog RF system undesirable for DTV
transmission.
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PRODUCT RELIABILITY AND LIFETIME

The components in an RF system that limit lifetime are
the items made of plastic. By way of example, the
average power of a cable is designed to limit the inner
conductor temperature to a level than allows a
satisfactory life of 20 years. Clearly, running a cable
hot enough to cause melting, or even softening, of the
dielectric is unacceptable. While the polyethylene
materials used in coaxial cables have melting points
around 130°C, the operating temperature needs to be
significantly lower than this to limit the long term
degradation of the dielectric by oxidation.

1st Digit | 2nd Digit

0 No special protection

Protection from dripping

1 Objects greater than
water.

50mm in diameter.

Object not greater than
2 | 80mm in length and
12mm in diameter.

Protection from
vertically dripping water.

Tools, wire, etc., of
3 | thickness greater than
1.0mm

Protection from sprayed
water.

Any object with a
diameter or thickness
greater than 1.0mm

Protection from
splashed water.

Volume of dust that

5 would interfere with Protection from water

projected from a nozzle

Levels of Protection
S

operation

Protection against

6 Dust tight. heavy seas, or powerful

jets of water.
7 NA Pro‘tectlon ggalnst
immersion.

Protection against

8 NA complete, continuous

submersion in water.
Figure 3: Ingress Protection (IP) Ratings

Even with less than 1% oxygen in the atmosphere,
dielectric materials react with it at elevated
temperatures, ultimately degrading their electrical and
mechanical properties. Dielectric loss increases and the
plastic tumns brittle; this can lead to movement of the
inner conductor and line failure. Like all chemical
reactions, the reaction rate increases substantially with
quite modest temperature increases. Typically, the rate
of oxidative degradation increases, and lifetime
decreases, by a factor of 2 for each 10°C rise in
temperature.



[4] Silver S., Microwave Antenna, Theory and Design,
V12 of MIT Radiation Laboratory Series, McGraw
Hill, New York, 1949.

[5] Wittaker, Jerry, ed., NAB Engineering Handbook,
9" Edition, Washingtion, DC, 1999

[6] IEC 60529, Edition 2.1, Degrees of protection
provided by enclosures (IP Code), Geneva,
Switzerland, 2001.

Lifetime, Years

0+ B SN Em—— |
100 108 110 115 120
Temperature, deg. C

Figure 5: Lifetime reduction and conductor temperature

Therefore, and increase in inner conductor temperature
will accelerate oxidation of the dielectric and shorten
usable life. You can estimate this effect for a
polyethylene dielectric cable from Figure 5. For a
maximum inner conductor temperature of 100° C.
oxidation proceeds slowly enough to assure a cable life
of approximately 20 years. However, with the inner
conductor temperature raised only to 115° C, cable life
is cut to 7 years.

CONCLUSIONS

Applying DTV to analog RF equipment is permissible
if care is taken to equate peak power. This creates
additional margin for average power, allowing the
analog equipment to reach its original design lifetime.
However, the antenna pattern and consequently the
coverage and interference performance of the
transmission system may not be optimized for DTV.
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A NEW GENERATION SMART ANTENNA
FOR DTV SERVICE

Akira Hayashi Eiji Shibuya Aldo Cugnini
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Rutherford, NJ Kobe, Japan Long Valley, NJ

ABSTRACT

With the arrival of exclusively digital
terrestrial broadcasting in the United States
now less than two years away, an increasing
number of viewers will be relying on indoor
antennas for free over-the-air programming.
Because many viewers will be situated in
DMAss that are served by multiple transmitting
locations, a fixed antenna will not provide
optimum reception across the available
channels. In addition, even community
antennas using the same transmitting site may
cause receivers to experience different
multipath reception conditions across different
channels. To aid these  situations,
electronically-steerable Smart Antennas have
been developed that automatically adjust the
preferred signal direction for each particular
broadcast emission. This optimization can
take into account various factors, such as
signal strength, multipath strength, and/or bit
error rate. One such antenna has been
developed by DX Antenna, a subsidiary
company of Funai. We will discuss the
performance and other characteristics of Smart
Antenna systems that include a controlling
circuit in a typical DTV set-top box.

MOTIVATION

The U.S. Congress (and by enforcement, the
FCC) have stipulated that, as of February 18,
2009, all full-power TV stations nationwide
must switch off their analog broadcasts. In
addition, so that analog TV viewers are not
disenfranchised from broadcast service,
Congress has mandated the implementation of
a program through which households in the
United States may obtain coupons that can be
applied toward the purchase of digital-to-
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analog converter boxes (DTAs). In response
to the creation of this program, to be
administered by the NTIA, cross-industry
submissions by broadcasters and consumer
electronics manufacturers have validated the
need for high-quality, easy-to-use, low-cost
digital converter boxes, so that consumers and
program service providers are given the best
opportunity to maintain quality TV services.

Digital Signal Reception

As is well known, terrestrial television
reception — both analog and digital — is subject
to many transmission path impairments,
including that of multipath, where multiple
“echoes” of the transmitted signal arrive at the
receiving location. Whereas this impairment
results in “ghosts” upon display of an analog
television broadcast, the digital consequence
is an increase in the received error rate of the
signal. This can, in moderate-to-severe
multipath situations, lead to an impaired signal
— with compromised video and audio
presentation — or, in the worst case, no
reception at all. While this situation can be
improved by careful physical aiming of the
receiving antenna, this adjustment will not be
ideal for all received stations, due to their
different transmission powers, frequencies,
and locations, and can therefore antenna
adjustment can be problematic under poor
reception conditions.

Furthermore, in a report on challenges that
could arise in connection with the DTV
transition, the GAO cited reports that some
people may need new antennas or adjustment
of existing antennas in order to receive digital
over-the-air signals, and that improved antenna
technology may be needed for some households.



ANTENNA SYSTEM DESIGN

In order to improve reception under varying
conditions, smart antennas have already been
implemented at cellular telephone base
stations. It is now practical to utilize the same
technology for consumer digital television
reception. By providing an automatic
mechanism to adjust the antenna, the direction
and gain (amplification) of the antenna can be
electronically changed, with no need for user
intervention or physical adjustment of the
antenna.

One such antenna functions by changing the
relative gain and phase (delay) of the internal
clements. While offering a high degree of
optimization for both signal capture and
interference rejection, this kind of adaptive
antenna is somewhat complex, and hence
expensive, to implement. Phased arrays have

been in use for quiet some time by the military.

\’\ )

S e

Outdoor Smart Antenna

An alternate type of smart antenna is the so-
called switched beam antenna system. In this
system, multiple fixed elements within the
antenna are selectively utilized, so that a
primary receiving direction is favored. At the
same time, strong sources of multipath can be
negated, an optimization algorithm can
perform a tradeoff between the two factors.
The user simply plugs in this antenna — to a
suitably-equipped DTV receiver — and the
receiver will automatically adjust the antenna
for optimal reception of each DTV station.

Indoor Smart Antenna

Selecting an antenna direction and gain setting
for optimum signal reception involves an
assessment of the signal quality over the
operating extent of the antenna. Various
parameters of the received signal can be
evaluated and weighed, including signal
strength, mean squared error of the channel
equalizer, spectral flatness, and unwanted
interference. Depending on the system
architecture, this optimization process can be
tightly integrated with the demodulator, or can
be implemented separately.

The combination of direction and gain can
also be used in a more sophisticated algorithm
that anticipates 3™-order intermodulation
interference from strong UHF taboo channels,
or from the n + 1, 2 channel pairs where tuner
RF selectivity may be minimal.

CEA-909 SMART ANTENNA INTERFACE

While a Smart Antenna can be an option to the
consumer, it will only function if the
appropriate interface is available at the
receiver. Such an interface has been developed
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and standardized by the Consumer Electronics
Association in CEA-909, entitled ‘“Antenna
Control Interface.” This standard allows any
compliant receiver to operate with any

compliant antenna, regardless of manufacturer.

The standard also defines the data algorithms
used, connection standards, and other
requirements. The antenna configuration is
neither specified nor implied, leaving specific
design considerations to the manufacturer.

At the time of this writing, the CEA R4-WG4
Working Group was defining a control
protocol that works over the antenna coax,
with a target of two options for the CEA-909
Standard: the existing control protocol that
uses a separate connector and a new one that
shares the RF signal connector/coax.

PROTOTYPE

While an optimum antenna for outdoor use
can be somewhat large, indoor use
necessitates a smaller, more elegant design.
While this will inherently place limits on the
performance of such a device, the unit will
generally be used in areas of high signal
strength, and can thus be smaller than an

outdoor unit designed for fringe area reception.

VHF: 64—216
(ch2—13)
Frequency (MHz)
UHF: 470—806
(ch14—69)
Antenna Segments 8
Polarization horizontal

15—20 dB; includes

Gain over monopole selectable gain amp and FM

trap
Noise Figure <4.0d8B
VSWR <251
| Impedance 750
Interface Type F, CEA-909

216(W) x 216(L) x 140(H)
(8.5 % 85 x 5.5)

2.0 kg (4.41bs.)

Dimensions (mm, in.)*

Weight

* without VHF rod antenna

Prototype Parameters
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Based on a successful larger design, DX
Antenna, a subsidiary of Funai, has developed
a small prototype smart antenna with the
preliminary parameters shown here. Some
variants on this are possible; e.g., collapsible
rods can be added if needed for VHF service.

In addition to selecting one of eight different
azimuth directions, the unit can operate with
two different levels of RF amplification. This
is useful in areas of high signal strength to
avoid direct overload of the receiver front end.

Prototype Smart Antenna Reception Patterns

FIELD EXPERIENCE

The prototype has been tested in a variety of
field locations with promising results. The
antenna was setup indoors on various levels of
urban buildings. Using a proprietary setup
algorithm, a DTV receiver proceeded to
optimize the antenna at each location for the
each of the received DTV signals. Once setup,
there was no further human intervention for
the smart antenna. A representative sample of
the actual received station count data is shown
below.



Smart | Mini | Amplified

LS Antenna Yagi Loop

b 0 2+0 0
Torrance

4" | 21 17+4 1542
Santa i T 12+4 13+3

anta ara

> | g 3+2 4+1
| San 24" 12 7+0 6+3"
Francisco
Indianapolis 1% 5 3+2 3+2
NY Metro 3" 10 | 7+2 | 9+

l * not amplified

Typical Received Station Count

At each location, two other indoor antennas
were also used for reference: a popular “mini
yagi,” with no amplification, and a
combination set-top UHF loop/VHF rod
antenna, with built-in amplification. All of the
indoor antennas were tested at the same
location, position and approximate time. With
the reference antennas, the direction of the
antennas was first established to receive at
least one station, and then was optimized
manually for each station, in order to
maximize the number of receivable channels.

As can be seen, the smart antenna performs at
least as well as the hand-optimized yagi—but
requires no user intervention. In a very small
number of locations, the smart antenna was
unable to receive a signal—in those few cases,
it was seen that the yagi required meticulous
adjustment, apparently duc to a very high
level of multipath.

SUMMARY

A new smart antenna has been developed for
DTV service that can automatically optimize
DTV reception for viewers relying on indoor
antennas. With this ease-of-use, consumers
can now enjoy trouble-free DTV reception in
their digital home. The many stakeholders in
the DTV transition have emphasized that
consumers should not incur a hardship in
making the transition in 2009. This technical
development helps to ensure that both
integrated televisions as well as digital-to-
analog converter boxes provide consumers

with the ability to continue to receive free
over-the air TV content without degradation in
picture, sound quality, and viewing experience
after the DTV transition.

ACKNOWLEDGEMENTS

Our thanks to Bob Cannistraro of Funai and
Art Allison of NAB for their useful comments
and assistance in preparing this paper.

Some of the schemes described in this paper
may be covered by issued or pending U.S. and
international patents. Appearance of antennas
is subject to change without notice.

REFERENCES

Digital Television Transition and Public
Safety Act of 2005, Title Il of the Deficit
Reduction Act of 2005, Pub. L. 109-171, 120
Stat. 4, 21, February 8, 2006.

Implementation and Administration of a
Coupon  Program for Digital-to-Analog
Converter Boxes, Department of Commerce,
National Telecommunications and
Information Administration, Docket Number:
060512129-6129-01, July 25, 2006.

Comments of the Association for Maximum
Service Television, Consumer Electronics
Association, and National Association of
Broadcasters, In the Matter of Implementation
and Administration of a Coupon Program for

Digital-to-Analog Converter Boxes,
September 25, 2006
Digital Broadcast Television Transition:

Several  Challenges Could Arise in
Administering a Subsidy Program for DTV
Equipment, GAO-05-623T, May 26, 2005.

The Multipath to Clarity — Receiving HDTV
over the air takes luck and lots of patience,
Philip Yam, Scientific American, June 2005.

Smart  Antenna  Systems, International
Engineering Consortium, September 2000.

2007 NAB BEC Proceedings — 37



Antenna Control Interface, (Standard), CEA-
909, June 1, 2002.

Method and apparatus for controlling a smart
antenna using metrics derived from a single
carrier digital signal, European Patent
EP1484847, published August 12, 2004.

Anticipating Signal Behavior, Charles W.
Rhodes, TV Technology, October 20, 2004.

38 — 2007 NAB BEC Proceedings



RF Implementation for HD Radio
Sunday, April 15, 2007
1:00 PM - 5:30 PM

Chairperson: Steve Fluker
Cox Radio/Orlando, Orlando, FL

*HD Radio Implementation Case Studies: Dual-Polarized Master-Antenna
Myron Fanton, Electronics Research, Inc., Chandler, IN,

Isolation in FM IBOC Multi-Channel Systems-St. Louis, Real World Data
Henry Downs, Dielectric Communications, Raymond, ME

*Pre-correction Techniques for Radio Broadcast Transmitters
Richard Hinkle, Broadcast Electronics, Inc., Quincy, IL

*Low Loss FM Filters Employ Evanescent Modes
Derek Small, Myat Inc., Portland, ME

*FM Digital Radio Implementation Update
Kerry Cozad, Dielectric Communications, Raymond, ME

*Location Availability Coverage Analysis of AM HD Radio
Charles Cooper, du Treil, Lundin & Rackley, Inc., Sarasota, FL

FM- HD-Radio Field Trial Results under European Frequency Planning Conditions

Markus Ruoss, Ruoss AG, Rotkreuz, Switzerland

A Precision, Low-Cost GPS-Based Synchronization Scheme for Inproved AM Reception

Stephen Smith, Oak Ridge National Laboratory, Oak Ridge, TN

*HD Radio Technology Impiementation in Brazil
Marco Tulio, Radio Globo Brazil

Marcelo Cacheiro, Brazil-Harris Broadcast

Perry Priestley, iBiquity Digital, Columbia, MD

*Paper not available at the time of publication

2007 NAB BEC Proceedings — 39



40 — 2007 NAB BEC Proceedings

'World Radio Histo



Isolation in FM IBOC Multi-Channel Systems-St
Louis, Real World Data.

Henry Downs
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Raymond, Maine.

Abstract

There are a number of important parameters to be
considered when building an FM IBOC system.
One, which has proved to be most crucial, is the
aspect of combiner isolation between the
transmitters. Due to the 20 dB difference between
the analog and digital power levels, much of the
consideration up to this point has revolved around
the Isolation from the High Power analog
transmitter to the Low Power digital transmitter.
The new solid state digital transmitters have been
shown to perform adequately with isolation as low
as 40 dB. However, when considering the existing
tube type analog transmitters, it has to be
recognized that both the digital and analog signals
are at the “same frequency”. As such there is no
“turn around loss” as typically experienced in
multi-station combiner systems where the
transmitter to transmitter combiner isolation has a
typical minimum goal of 55 dB with an additional
turn around loss of approximately 20 dB. For
IBOC systems with 40 dB of combiner isolation
coupled with a 20 dB power level differential and
zero tum around loss from the tube type
transmitter, the possibility of spectral re-growth
becomes very real. This paper addresses the system
factors which have to be taken into account for
every installation and real world data from a multi-
station system is presented.

introduction

Isolation is fast becoming the IBOC deployment
“war-cry”. As more and mere stations go live with
IBOC, it has become readily apparent that,
although the numerous components in an IBOC
system provide excellent individual performance
with respect to isolation, their collective
performance, when combined as a system, is less
than optimum. This phenomenon is found both in
single station systems and also in the large multi-
channel systems. This paper discusses primarily a
large multi-channel system, but the concepts
described may be applied equally well to a single
station installation. When considering a multi-
station IBOC system, it is necessary to examine

many different facets of operation. Typically, such
systems, will fall into one of two categories.

e  Pre-combined IBOC signals will be fed
into a multichannel combiner and
subsequently fed to a wideband antenna.

e Analog and digital signals will be
combined through the use of a multi-
channel combiner and then fed to the two
inputs of a dual input antenna or, in some
cases, two separate antennas.

In either set-up, the parameter which invariably has
to be studied exhaustively is the system isolation.
The importance of this particular system parameter
cannot be expressed enough. During the early
IBOC development years, it was routinely stated
that the isolation requirement between the analog
and digital transmitters had to be of the order of 35
dB. This number has ebbed and flowed +/- 5 dB or
so but, generally speaking, 35 dB has been the
“minimum norm”. The various antenna and system
FM manufacturers have been continually striving
for optimum isolation from each IBOC component
and many critical milestones have been reached at
the component level. Isolatton numbers in excess
of 40 dB have been recorded for many combining
components on the ground. Most dual input IBOC
antennas offer a minimum of 20 dB isolation
between the inputs, although the Dielectric
HDFMVee and the reverse polarized interleaved
antenna have demonstrated isolation numbers
greater than 35 dB over most of the FM band
(1,2,34). In order to demonstrate the
interoperability of the various components used in
a typical system the results of a recent 10 channel
system upgrade will be presented.

St Louis 10 Channel Expansion/IBOC
Upgrade

A recent upgrade was completed in St Louis, which
entailed the addition of 2 channels to an existing 8
channel system. In addition, the complete system
was also upgraded to be completely IBOC ready.
On the ground, the existing system was comprised
of a number of Constant impedance filter (CIF)
Combiner modules daisy chained together to
facilitate the combination of all of the channels
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onto a common output line. The combined signal R e s amTee aeemoss 162508 somnts
was then split via a patch panel/matched Tee set-up I i |
to allow two equal amplitude signals to be fed up s neLers

102.250 MHx

dual line runs to a dual input top half/bottom half S—

antenna. Such a patch panel system also allows for

a reduced power mode whereby the combined

signal may be directed to either the top half or

bottom half of the antenna in the event of a partial SRS S S AU SN S SRS S S—
antenna failure. Customer requirements dictated N ,
that the CIF combiner be used to facilitate the e i 2N
combination of the analog signals and the digital f \
signals onto two separate output lines. / \

ANALOG RHCP T CENTER 102500 000 Wiz SPAN 100 08B HRE
DIGITAL LHEP

LAl ELLl) S (AL The original system incorporated patch panels on

YP% both the input and output of each CIF module in
Al A2 g A3
D1 D2 D

order to effect a by-pass capability for emergency
Such systems, which have been built in the past,

offer an efficient and cost effective method to
Implement IBOC.

use.

COMBINED
DIGITAL

COMBINED
ANALDG

3

Existing Channel Analysis

The initial step, as in any IBOC
conversion/upgrade was to perform a complete
system analysis on the existing system to determine
what, if any, components could be re-used. This
entailed an examination of the combiner all the
way through to the antenna to ensure adequate
system bandwidth characteristics. As shown here
the existing filters in the combiner had sufficient
bandwidth such that IBOC implementation could
be accomplished. However, it was determined that
the input port to port isolation would be marginal
and new superior performance hybrids for the
inputs were recommended.

In order to utilize the combiner modules to
combine both analog and digital signals onto
separate output lines, it would be necessary to
remove these patch panels.
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Patch Panel/Splitter Configuration

The existing configuration allowed the option of
splitting the combiner output signal equally in
order to feed it to both halves of the Dielectric
CBR antenna. It also allowed a “reduced power”
combined output signal to be routed to either half
of the antenna for use in emergency mode. It was
determined that this system could stay in place and
work satisfactorily if it had sufficient power
handling capability.

Dual Line Runs and Dual Input Antenna

The existing antenna system had been in place for
20 years and was at the upper limit of it’s

power capacity. The addition of IBOC along with
two more stations was determined to push it
beyond reasonable operating limits. In addition,
previous investigations carried out had
demonstrated that pre- IBOC dual input antennas
had evolved over time to favor a single input by
making the individual cross dipoles of each bay of
the antenna asvmmetrical in order to maximize the
broadband VSWR response. .(5) It has been
demonstrated however, that such asymmetries
result in an extremely poor antenna input to input
isolation. Based upon the original St Louis
geometry, this isolation number was estimated to
be as low as 13 dB in some areas of the FM band.
With the system analysis complete and the
customer desires taken into account. the following
system was proposed.

SNt WY PEASER: SRy YOI 05~ £
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System Performance

The new system installation was completed in
July/August of 2006 with no install issues and to-
date, has performed flawlessly.
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Typical system data is presented here

A typical on site VSWR plot as shown here

» ey 2 1IIE
D + i P

R agn e To COMLEE @
.
g Aarsore
> 0002
S .00
AR,
w
'
~ <
S A )\ N
\ / i .
\ \
7
TR — . ™ EEE

is well within the system specifications.
The isolation between like ports, namely Analog to
Analog
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and Digital to Digital as shown here for closely
spaced channels is, as expected, greater than the 60
dB minimum design goal.
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Analog to Digital Same Channel Isolation
One of the key isolation figures is between the
analog and digital transmitters for the same
channel. As is evident from the two plots here
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the traces are essentially identical, differing by the
effective Circulator isolation of approximately 25
dB. It is also noted that the analog to digital
isolation is somewhat less than would be expected
when considering the isolation numbers of the
individual components in the system.



The system isolation plots shown are for 103.3
MHz where the antenna isolation alone is of the
order of 35dB
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for a system isolation number, added to this 35 dB
for the antenna are the line losses and combiner
losses in both directions. When added up the
resultant “antenna isolation is approximately 38.5
dB

The input of the combiner module yielded an
isolation of 43dB.

The old adage that a system is only as good as it’s
weakest link certainly does not appear to apply to
the isolation in an IBOC system. One has to
consider all of the possibilities. In this case,
consider the following :

-35

-0.74

In the above diagram, the invocation of “Murphy’s
Law” states that the path lengths through the
system will invariably cause the signals due to
Antenna Isolation and Combiner Isolation to be
combined in some manner, such that the true
analog to digital isolation of the system is less than
that of either the combiner or the antenna. In this
case, the antenna system isolation including
combiner and line losses is of the order of 38.5dB
while that of the combiner input was optimized for
43 dB. The resulting analog to digital isolation is

38 dB, as depicted in the earlier digital to analog
isolation plot. In this instance, this exceeds the
accepted minimum of 35 dB. However, in order to
safeguard the digital transmitter it was decided to
implement a circulator on each IBOC input port. It
should be noted here that the circulator has to be
sized appropriately for the system in order to
handle both forward and reflected power levels.
One has to continually bear in mind that the analog
power level is 20 dB higher than that of the digital.

Digital to Analog Isolation issues

The system configuration is symmetrical with
respect to the analog and digital input
characteristics. As such the digital to analog
isolation is also 38 dB. Taking into account the
difference in signal levels this isolation results in
the analog transmitter being subjected an incoming
digital signal level of -58 dB with respect to the
analog output. The burning question is, “Is this
enough?” As far as the existing analog transmitter
is concemned this is seen as VSWR and will not
cause the analog transmitter to fold back. However,
because the digital side bands are effectively in
band for the analog transmitter, one has to consider
the inherent lack of turm around loss of the
transmitter. At best this turn around loss is of the
order of 6 dB. As such the digital side bands will
be reflected out of the analog transmitter only 6 dB
down and could possibly cause the system to be
“out of mask”.

In addition, the possibility of intermod products
caused by the mixing of the side bands with the
analog signal are very real. A total Intermod sweep
of the system has been completed with no evidence
of spurious emissions detected.

Conclusion

It is critical to perform a complete system analysis
prior to recommending any equipment for an IBOC
upgrade. The parameter which continually comes
up is the system isolation and a very rigorous
examination is required every time. Any change in
system parameters at any time can cause the
isolation parameters to change. Such changes could
be caused by antenna icing affecting VSWR,
antenna input Isolation, or both. Since there are
many different ways to construct an IBOC system,
it is critical to analyze every possible scenario. In
an ongoing system operation the detection of
changing isolation parameters may well be the key
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to success. The more system points that can be
monitored, the better the possibility that events
which could lead to a catastrophic system failure,
can be pin-pointed prior to disaster.
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FM- HD- Radio Field Trial Results under
European Frequency Planning Conditions

M.A_.Ruoss
Ruoss AG, Switzertand

ABSTRACT

FM-Radio in Europe uses different Frequency planning
and some transmitting parameters are not the same as in
the US. Field- and Lab-Testing by Ruess AG/Radio
Sunshine Lucerne Switzerland shows in an interims
Report to the Swiss OFCOM Dec 06, already after the
first part of the Work very promising perspectives to
use FM-HD-Radio in Europe as easy as in the US, and
to go on Air operationally as early as second half of
2009. The Project, funded by the Radio-Industry and
supported by the OFCOM will continue during 2007 ,to
demonstrate more of the HD-Radio Capabilities with
Translators/ Boosters ,RDS-AF Functionality, extensive
Indoor testing and a European Set of HD-Radio
planning Parameters. Many European Countries started
HD-Radio Trials as well, and even Trials in Germany
are expected in the first half of 2007.

HISTORY

In respect to digital Radio, Europe is known as
(commercially questionable!), successful 100% DAB-
Eureka 147 Area and the ,,image™ of IBOC in Europe is
very poor. Almost ‘“‘unproven™ Arguments are
distributed like “technically not feasible in Europe
because of many differences in the FM-System,
including mix-up with am-HD-Radio Questions.

Also based on the big DAB-Investments (and
Commitments of the BIG-Players and Authorities) , and
an European digital FM-System on its Way (DRM+ )
to be finalized, comprehensible-wise no one is really
interested 1n a “foreign” FM-Digital Alternative.

One should also not overlook, that not even one
European Country has a commercially profitable DAB-
Operation very soon, with the eventual Exception of
UK where there is the Chance to become profitable
within some Years from now. (CGap, the biggest UK-
Operator predicts “digital break even” for 2010). More
so0, some thousands of local and regional (one Program-
) Broadcasters are not se sure anymore that a
Multiplex-Technology is the proper Solution for them,
and that maybe more feasible and economically viable
systems with a slow evolution path to digital should be
found.

That’s why the Swiss OFCOM and the Association of
Private Broadcasters (VSP), started to support our
Initiative to do some HD-radio Field Trials and to
follow any other kind of FM-digital System who could
be an alternative.

Nowadays this is on the Way to change dramatically,
thanks to several testing sites all over Europe;
especially in Switzerland where the OFCOM granted
the first European HD-radio Test License for 2 Years to
Ruoss AG/Radio Sunshine.

Of course, there is no doubt about the fact, which
especially DAB+ (new audio codec and new error
correction), when introduced very fast, is a very good
solution for multiprogramming-Broadcasters and for
large area coverage (SFN’s).

FIELD AND LAB TEST- SET UP

For the Field Testing the Main Transmitter of Radio
Sunshine (88.00Mc¢, located at around 400 Meter
HAAT , with Mountains in approx 10 , 20 and 40Km
behind the coverage Area ) is used in a High Level
Combined Standard Hybrid-Mode with 3500 Watt
analog and 35 Watt digital Power. The Main Coverage
Area is the Town of Zug and Vicinity. (Radio Sunshine
has a total of 14 Transmitters to cover Central
Switzerland) See Figure one: Simplified Excerpt of
critical Field Test Area.

Figure 1

2007 NAB BEC Proceedings — 47



88.00Mc TX ROBE TX-Site Equipment

The Content transmitted in 24/7 Multicast Mode is:

e Radio Sunshine analog FM

¢ Radio Sunshine digital (HD 1) 48kbs

e Radio Energy Zurich digital (HD 2) 32kbs

e  Service digital (HD-3) 15kbps, Voice: Traffic,
Weather, Sport, Events...

e PAD HD-display  lkbs

A second Transmitting Equipment together with other
FM- and Test- Equipment Is used for Lab-Simulations
and testing.

For the first Part of the Trial a Number of JVC,
SANYO and Kenwood Car-Receivers are used together
with some Table Tops from POLK and Boston
Acoustics. ADA Receivers are used for Reference. 12
FM-Receivers where used for LAB testing, 3 Walk-
Radio/Cell phone, 3 Car, 4 portable, 2 Compact HiFi.

DEVIATION AND MPX-POWER ISSUES

The FM-System in the US uses 75uS Pre-Emphasis, a
maximum Deviation of 50Kc and MPX Power above
0dBr. Europe uses 50uS Pre-Emphasis, a 75Kc max.
Deviation and max. MPX Power Levels ranging from
0dBr to “some dBr” depending on Country and “best
practice”. Some European Countries only allow a max.
of 0dbr MPX Audio Power Other Countries like
Switzerland allow +3dBr , and some Countries using
even higher MPX-Levels . See Figure 2 for Typical
used Peak Deviation and MPX-Power for all HD-
Radio (LAB- and Field)-testing.

All our testing so far, shows clearly that ,the
European Values“ of Peak-Deviation/Pre-Emphasis,
and MPX-Power Levels (up to 6dBr), do not give
any relevant Limitations for the use of the HD-
Radio System
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Figure 2

The simple Explanation why HD-Radio works “easy”
with European higher Deviation is, that the HD-System
was designed to work with higher SCA carriers like 76
and 96Kc in the us , and that there is a FAC (First
Adjacent Canceller) in the System.

HOST COMPATIBILITY

Is the European Receiver Universe different from the
US? Not really, but in most Countries in Europe,
portable and INDOOR-Listening of FM-Radio is much
more important than in the US. Actual Figures from
Switzerland shows that approx. 2/3 of all Radio
Listening is Indoor /Portable! This means that Portable
Receivers has to be tested as well as Car-Receivers.
Home- Stereo’s are a bit less important nowadays
because they are mostly connected to Cable and not to
an Aerial (anymore).

Earlier Receiver Studies from Nozema (Netherlands,
1998) and the Swiss OFCOM in the Year 2002
indicated that a greater part of the portable Receivers
even are not able to meet the min SNR Requirement
and the min RF-Selection Criteria’s as it is
recommended by the ITU-R BS-412-9, BS.415-2 and
ITU-R BS.641 Rules suggest.



Figure 3 shows the SNR Performance (with and with-
out HD-Signal) of a non Representative Sample of
typical European FM-Receivers.

The Good News is, that in the last some few Years, the
FM-Receivers in the Cell-Phones ,PDA’s , PMP’s and
in the Low-Cost Portables and Walk Radios get very
good Receivers, in Respect to SNR and Selectivity built
in.

SNR (in dBA) of typical European FM Receivers:

CAR (CAR Home- |Home | NewWalk-  New O Od
[ i Swrec | ueeo Rodo Cel phone | Murs- Weltado
! n | FMDAB Portetse | Portebie
FM-Only 56 56 60 68 54 53 a a
[HDON 56 55 &7 62 &2 181 ® 4
Figure 3

Not even one Complaint from a Listener ( > 50 000
FM-Receivers involved on 88.00Mc) about SNR -
Reduction from HD-Radio Sidebands, nor a Complaint
about RDS-AF Function , what is very important in the
Test-Area (more than 4 different Frequencies needed
for FM-analog Coverage around Lucerne/Zug)

The SNR- Influence of the 2 digital HD-Radio Side-
Bands on Europe’s FM-Receiver Universe at the
Time of operational Introduction of HD-Radio will
be very minimal, and the commonly used planning
Criteria on minimum SNR Performance can be met.
No any Influence on RDS-AF Function was detected
so far.

Extended Hybrid and Multicast

Simple LAB- Measurements and Comparisons with
Extended Hybrid Operation did not give relevant
differences to the Measurements carried in the US.
However, to get best possible SNR-Protection for some
of the existing High Performance FM-Receivers, 1
would actually recommend waiting with the Full-
Extended Hybrid Operation till after initial operational
Introduction in European Radio- Markets. Looking
from marketing perspectives. of course Multicast is a
Must right from beginning!

FIELD TEST RESULT

Digital Coverage in the FM-Coverage Area

Within the FM-Coverage Area the digital Coverage for
(all digital Content) is perfect and 100% stable with Car
Receivers. Examples see in Figure 5. As also can be
seen that, coverage Extension happens in Areas where
FM analog is unusable (black /blue and green in the
Figure 4) because of strong Multi-Path Reception, but

with sufficient Field strength and an off Spectrum
protection. Figure 4, shows the FM analog Quality
(ITU, 5 Grade Scale) of almost the complete Reception
Area of the 88.00 Mc Transmitter. Almost all of the
Green/Blue and Black Parts of that Picture will have
digital Reception with some blending to analog. The
Coverage of the Additional Content is smaller than for
the Host-Program, because of no blending Feature. This
Results are not yet “validated” for complete  Indoor

Reception in all that Area where Car-reception is good.
See also “Indoor portable Reception *
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RDS- AF Functionality / Host compatibility

The Main-Transmitter of Radio Sunshine (88.00Mc) is
used by more than 50 000 FM-Receivers. In the first 9
Month of Operation with the HD-Radio Signal, no one
Complaint from Listeners (on 88.00, or close other
Frequencies) was received about additional Noise or
distortions. Also there is no any Complaint about the
RDS-AF Functionality.

This is a clear Indication that HD-Radio can be
introduced on existing FM- Transmitters in a European
Frequency Planning Environment.

Indoor portable Reception

Untill now, very little Indoor Reception Experiences
are made. Extensive Indoor testing with 40 or more
Portable Receivers distributed to Listeners in the fringe
Area of the 88.00Mc Transmitter will take place in Part
II of the Trial. We already know that compared to the
Street- Field strength in the critical Areas, we have
around 15 -20dB “Headroom” for digital Reception.
Based on the common used Number of 14 dB for FM
Building Penetration, we are very confident that the
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Indoor-Results will be very promising, with the
Exception that we cannot yet quantify the influence of
today’s typical indoor noise environment on digital
reception in the FM-Band. To achieve deep Indoor
Reception, approx. 60dBuV/Meter at 2 Meter
(commonly used in Switzerland for actual FM
planning) will be necessary.

HD-Robustness at High Speeds

Because 88.00Mc is a relatively “well protected” (in
Respect to ITU 412-9 Recommendation), additional
“artificial” Interferers on both sides of 88.00Mc where
needed to simulate digital Reception robustness in fast
moving vehicles. Compared to actual Lab-Results some
Degradation could be recognized, but at maximum
allowed ITU-412 interfering Levels, the digital
Reception still is very robust. More “quantifiable” work
will be done on this Issue in Part 11 of the Trial.

LAB-TESTING RESULTS

For LAB-testing the ITU-R-BS-412-9 and ITU-R- BS
641 Recommendation for FM Planning and
Measurement is taken as basic Reference. Because FM-
HD-Radio Hybrid Operation is a Mixture between an
analog and a digital System and as example, because
the 2 HD-Sidebands are redundant, some of the
recommended Procedures are not anymore useful for
HD-Radio Considerations or does not make much
Sense. Also today’s Station’s Sound design produces
somewhat other Spectral Densities as at the Time the
Recommendations were made. For judging the HD-
Radio System we must have different Set of Protection-
Ratios for the following Interfering Situations:
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D to A: (Digital to Analog)

An HD-Station interferes with an analog only FM-
Station

AtoD:

An analog only Station’s interferes with a HD-Station

D to D:

Interference between Digital Hybrid Stations

For A to D and D to D one will also need different
Protection Ratios for stationary/portable and Reception
in fast moving vehicles. To get realistic Numbers, both
Sidebands have to be interfered at the same Time.

Some subjective evaluation of the Difference between a
FM modulated signal interfering an analog FM-Signal
and an OFDM HD-Signal interfering an analog FM-
Signal at the typical HD-Signal Differences has to take
place.

Later there will be also a need for Full Digital Mode
Protection Ratios

For the D to A and D to D Measurements, as for the Off
Air Signal, Figure 6 shows the typical used RF-
Spectrum for Hybrid and Extended Hybrid Operation.
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Critical Spectrum Issues?

For the D to A Measurements the same Receivers as for
the Host compatibility were used.

For A to D and D to D- Measurements, HD- Radios
from Sanyo, JVC and Kenwood was used.

CO-Channei and 400Kc Interfering Situations or not
critical at ITU- Limits and the same as in US, so no
special additional attention is necessary for this
Situations.

Figure 7 shows European 100Kc Interferer at ITU 412-
Limit. This Constellation is not critical for D to A, A to
D and D to D Interference. The analog Interference is
always stronger as Interference from digital Sidebands.
Depending on the FM Receiver, more than 10dB
“Headroom” was measured on the ITU Limit.

190402 KHZ 120981 ke oHz
100.00 kHz
| ¢————

Figure 7

Figure 8 shows the 300Kc Interference Situation at
ITU-412-9 Limit. This Constedlation is not critical for D
to A, A to D and D to D Interference. The “Headroom”
to 1TU-412-Limits is only “some dB’s”, depending on
Receiver, and symmetrical Interferers. both strong at
same Time, can be critical in fast moving Vehicles.
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Figure 8

Figure 9 shows the worst possible Constellation for
Europe with both Sidebands Interfered with a HD
Signal at ITU Limits. This is the most critical Situation
in the Field, (same as in the US), and is fortunately not
standard practice to happen in the Coverage Area in
most European countries. It is not common as well, that

if one strong +200Kc Interferer exists that at same Time
and Place there is also a strong — 200K ¢ Interferer.

D to A: as long as the Listener does not use a HD-
Radio, the max Stereo- SNR can be reduced well below
the recommended Value. In practice, almost all today’s
CAR-Receivers will blend to MONO (produces approx.
20 dB better SNR) during this kind of strong
Interference, and the average Listener will not notice.
Home-Stereo’s with individual Arial (does nowadays
exists only in rare Cases ) will have degraded noise
Performance, and “old” Receivers with poor RF-
Selectivity (and missing Low Pass after Demod) will
have analog Interference before they notice the
additional Noise