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DEPARTMENT

Remembering
John Battison

e recently lost a good friend and fellow

engineer. Long-time broadcast consultant

and Broadcast Engineering writer John

Battison passed away on Aug. 28, 2012.
Just shy of turning 97, John spent more than 20 years writ-
ing for this publication and its sister version, Radio maga-
zine. He retired from writing in 2009.

Battison worked as a broad-
cast consultant for more than 52
years. He was the author of 15
technical books and more than
500 articles.

In 1998, Battison was awarded
NAB’s Radio Engineer of the Year
Award. Additionally, in 2006, John
received the Society of Broadcast
Engineers Lifetime Achievement
Award. And, in 2002, he received
an SBE award for Best Technical
Article.

Those awards might not be a
surprise because many knew of
John's life-long passion for broad-
cast and sharing his knowledge with others. But, many
readers may not realize that he also was the founder of the
SBE. In the December 1961 issue of Broadcast Engineering,
John suggested the formation of a society for radio and
television engineers, which became the SBE.

“Possibly a new institute is needed for broadcast engi-
neers, one started in just the same way as the IRE [Institute
of Radio Engineers] was originally,” he wrote. “Perhaps it
should be called the IBE, Institute of Broadcast Engineers,
and be presided over by one of the great broadcast engi-
neers of a few years ago.”

With help from his family, Battison sent membership
invitation letters to thousands of television and radio
engineers in the United States and Canada. Based on the
feedback from Broadcast Engineering readers, Battison de-
cided to start the organization himself, running an appli-
cation form in the magazine.

And so began the steps to build what we know today
as the Society of Broadcast Engineers, with John as its
first member and president. As witness of his efforts,
SBE today has more than 5500 members from around
the world.

“The Society of Broadcast Engineers was conceived
in my office in Washington, D.C,, in 1961, Battison

John Battison, broadcast

September 1915

8
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reminisced during a 2004 SBE speech that celebr
the SBE’s 40™ anniversary. “It was born in 1964 in 1
Willard Room ‘C’ in the Chicago Hilton, courtesy
NAB, and today, on its 40" birthday, it is a strong an
hearty force in broadcast engineering thanks to the
members who followed after me.”

John’s many friends will recall his jovial personal-
ity and radiant smile, ever ready
with an “I remember when ...”
story. At the drop of a hat, John
would regale friends with stories
of piloting planes in WWII or
building radio and TV facilities,
sometimes in desolate locations
around the world. He called AM
“ancient modulation,” and FM
was the “forgotten medium.”

In his 1998 NAB Engineer of the
Year Award acceptance speech,
John joked that he knew person-
ally many of the fathers of broad-
cast electronics, including Lee
de Forest and Major Armstrong.
Sometimes, he’'d remind the listener, “Speaking as an RF
engineer, I still maintain that audio is something that mess-
es up a nice, clean carrier.”

John's “carrier” is now quiet, and he will be greatly

s
missed. BE

consultant, writer for
Broadcast Engineering magazine, founder and
first president of the SBE

—-August 2012

EDITORIAL DIRECTOR
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Comparing JPEG 2000

JPEG 2000 excels in contribution applications.

BY DR. HEL GE STEPHANSEN

ack in 1988, the first work
began on video compres-

ultimately result in MPEG.
The Motion Picture Experts Group,
in cooperation with the International
Organization for Standardization
(1SO), created multiple standards

for video compression, now known
as MPEG-1, MPEG-2 and MPEG-4/
AVC. MPEG was devised as a means
of compressing broadband video into
a small bit stream that could fit in ex-
tremely narrow broadcast or satellite
transmission channels. As such, it is
well-suited for distribution purposes,

Display order:

Encoding order: 1 4 2

Figure 1. MPEG GOP structure
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not for applications that require in-
ternal switching and processing.

MPEG

Because MPEG is a motion image
compression technology, it works on
a sequence of video frames, known
as a group of pictures. (GOP). (See
Figure 1.) A processor examines sev-
eral frames of video and assigns one
frame as the reference frame for that
group (the I-frame). The GOP also
has several predictive frames, or P
frames, which use information from
the I frame and previous P frames to
construct images. Finally, there are
bidirectional predictive frames, or B
frames, which look at preceding and
following I and P frames. Motion is
analyzed and the motion vectors,
which predict the offset from the cur-
rent frame to the reference frame, are
estimated down to a quarter pixel.
The motion vectors and the differ-
ence between the actual images are
used to reconstruct video that looks
good at low bit rates.

Problems with MPEG encoding
arise when there is a scene change or
where a large percentage of the im-
age changes at once. The processor
can’t predict the movement, and the
system creates a distortion known as
macroblocking. (See Figure 2.) Rais-
ing the bit rate adds more detail in
each 8 x 8 block of pixels, which can

Figure 2. Macroblacking effects
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reduce the number of P frames. But
there will always be P frames — and
the potential for macroblocking — in
all implementations of MPEG.
Another major failing of MPEG
compression is that it is difficult to
edit and switch cleanly. With P and B
frames, editing systems and switchers
have trouble finding a clean frame on

encoder. Finally, the output of the
arithmetic encoder is Organized as a
compressed bit stream that offers a
significant degree of flexibility.
Wavelet compression provides the
same processing for all pixels, and
with each video frame being com-
pressed individually, there is no er-
ror propagation from one picture to

Quality {image to image) Varying Same
Latency High Low
Visual impairments Blocking Blur

which to edit. MPEG also doesn’t re-
act well to being repeatedly encoded
and decoded. It works best when the
video is encoded once and decoded at
the viewing location.

JPEG 2000

Meanwhile, JPEG - short for Joint
Photographic Experts Group — was
originally developed as a compression
standard for still images. With mod-
ern processors, however, it is now
possible to take a video signal and
save each frame as a separate JPEG
file, creating a video format known as
Motion-JPEG.

Several years after the JPEG team
created its first compression scheme,
it reconvened to develop an even more
efficient and flexible system. Released
in 2000, its new JPEG compression
was called JPEG 2000. The original
JPEG used discrete cosine transform
(DCT), the same techniques used in
MPEG, to reduce data into blocks of
8 x 8 pixels. JPEG 2000 uses discrete
wavelet transform (DWT), which
performs simultaneous multiresolu-
tion image analysis.

The resulting wavelet coefficients
are gathered in sub-bands, each of
which is partitioned into small “code
blocks” and independently coded
by an adaptive binary arithmetic

12

15Mb/s-60Mb/s

60Mb/s-125Mb/s

Table 1. JPEG 2000 and MPEG-4/AVC attributes for broadcast contribution

the next. As a result, there is no mac-
roblocking at low bit rates; instead,
there is blurring on the images. JPEG
works on a single image, stripping
away redundant data and encoding
each video frame independently for
consistent high-quality images. As a
result, editing may be performed on
any frame in a sequence of images
because each video frame contains
its own picture information.

With no dependency on other im-
ages, JPEG 2000 has low latency, less
than 1.5 frames encode and/or decode,
and maintains sync between the video
and audio. In contrast, MPEG and
other compression schemes that rely
on predictive frames and motion esti-
mation algorithms have high latency.

JPEG 2000 and its underlying wave-
let compression can allocate 10 bits or
even 12 bits at 4:4:4 quality, a level in

line with the demands of digital cine-
ma post production. In fact, there are
several systems that use wavelet com-
pression techniques similar to JPEG
2000. REDCODE and CineForm,
for example, are used successfully
for digital cinema production, which
demonstrates the quality and robust-
ness of wavelet compression.

Contribution

There are significant differences
between MPEG-4 and JPEG 2000 for
broadcast contribution. (See Table 1.)
Further development of video and still
image compression standards contin-
ues, and there will no doubt be future
advancements for both standards.
For example, High Efficiency Video
Coding (HEVC), unofficially called
H.265, promises improved video
quality and data compression, as well
as support for higher resolutions.

Broadcast  contribution  links
seek to have the highest video qual-
ity because the signal may have to go
through post-production editing. The
output video quality from the con-
tribution stage is propagated to the
distribution link. As a consequence,
the quality and efficiency from the
distribution link is highly dependent
upon the level of quality experienced
during contribution. Broadcast con-
tribution signals should be lightly
compressed — almost equal to the
original uncompressed signal — so
there is minimal quality loss under
multiple generations of encoding.

JPEG 2000 can compress HD video
to a significantly lower bit rate, and
then extract the video with no loss
of information. When peak signal to

—_—

Encoden

Figure 3. PSNR simulation setup
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Figure 4. Multigeneration encoding

noise ratio (PSNR) performance is
used to compare original footage with
video compressed with JPEG 2000,
the degradation is close to visually
lossless and deviation from the origi-
nal is low. The PSNR of footage en-
coded with MPEG, however, can vary
greatly from picture to picture due to
different methods of prediction.

Performance comparison

Recently, the performance of JPEG
2000 and MPEG-4/AVC under mul-
tigeneration encoding was evaluated
using a single vendor’s encoders and
decoders. (See Figure 3 on page 12.)
Video quality was measured in terms
of PSNR for different HD interlaced
sequences at the operating points of
the encoders. The streams were en-
coded at 90Mb/s for JPEG 2000 and
45Mb/s for MPEG-4/AVC streams.
These bit rates were used throughout
the testing because they are common
operating points.

MPEG-4/AVC provided high-qual-
ity video at 45Mb/s. Under multigen-
eration encoding and decoding, the
PSNR reduction was sharp — rough-
ly 2.2dB after the fourth generation.
(See Figure 4.) JPEG 2000 also deliv-
ered high-quality video (at 90Mb/s),
but it had less than 0.5dB loss after
the fourth generation of encoding
and decoding, which was less than
one quarter of the reduction experi-
enced by MPEG-4. In addition, the
predictive coding of MPEG resulted

in an end-to-end latency of approxi-
mately 1 second, which is roughly 10
times more than the latency experi-
enced with JPEG 2000.

For another round of tests,designed
to evaluate the influence of contribu-
tion encoding on end-user quality, a

By spending
more money on
contribution, it is
possible to save
on broadcasting to
the home, because
more content
can be placed
in the available
bandwidth.

distribution encoder was used to en-
code the incoming signal using 4:2:0
8-bit at 6Mb/s, 8Mb/s and 10Mb/s
(common settings for IPTV applica-
tions). The tests showed that because
of JPEG 2000’s high video quality, it

Video formal requirgments

HD-SDI uncompressed

HD-SDI mathematically lossless JPEG

2000 mode

HD-SD| visually lossless JPEG 2000 mode

Table 2: Bandwidth savings
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is possible to increase the compres-
sion ratio for the final compression to
broadcast without quality loss, saving
from 5 percent to 15 percent of the to-
tal bit rate, depending on the final bit
rate used for distribution. By spend-
ing more money on contribution, it
is possible to save on broadcasting to
the home, because more content can
be placed in the available bandwidth.

To illustrate the bandwidth savings
that can be achieved when employ-
ing JPEG 2000 video compression,
consider an uncompressed HD-SDI
signal, which has a bit rate of about
1.5Gb/s. (See Table 2.) A JPEG 2000
encoder/decoder can maintain the
quality of the original signal with a bit
stream of 500Mb/s to 800Mb/s, de-
pending on the content. At 600Mb/s,
virtually any type of high-quality HD
content will be transported math-
ematically losslessly with a JPEG 2000
system. Reducing the bit rate from
there will increase the possibility of
mathematical image loss, but any
errors will be visually imperceptible
even at far lower bit rates.

Stereo 3-D

Bandwidth-intensive formats like
3-D TV raise the bar even higher for
quality and precision. The creation of
3-D video and particularly the need
for the best possible picture quality
has ramifications for how content is
captured, produced and broadcast.
In the contribution phase, left- and
right-eye information must be trans-
ported along with other metadata re-
quired to generate the highest quality
3-D images and must be compatible
with all 3-D compression and dis-
play systems. To ensure a high-quality
viewing experience, it is critical that all
thedatarequired todisplay theleft- and

Typical IP bandwidth

1.5Gbh/s
600Mb/s

120Mb/s-150Mb/s
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right-eye images correctly is conveyed
throughout the transport chain with
minimal visual impairment.

JPEG 2000 ensures that the hori-
zontal resolution, critical to the re-
construction of 3-D images in our
brains, is preserved. A JPEG 2000 en-
coder can transport two 2K or HD-
SDI channels, or the two synchronous
left-eye/right-eye video streams that
comprise stereo 3-D. Even after the
JPEG 2000 video is compressed or
decompressed, and throughout real-
time transport over Metro Ethernet
(metropolitan-area Ethernet), IP-
MPLS (multiprotocol label switch-
ing) or SDH/SONET (synchronous
digital hierarchy or synchronous op-
tical network), the video quality stays
true to the original imagery.

Applications
JPEG 2000 video compression is

ideal for venues where high-quality
programming regularly originates,
such as stadiums, arenas and remote
studios. While prices vary between
service providers, commonly available
IP links that provide high bit rates are
universally less expensive than legacy
systems, which translates to significant
long-term operational cost savings. Be-
fore connecting an encoder, however, it
is critical that the service provider un-
derstands the quality of service (QoS)
requirements of high-quality video and
can ensure sufficient bandwidth.

JPEG 2000 requires a high-bit-rate
IP network and usually works best
with both a primary and redundant
link. If you need to do a remote shoot
from a non-fixed location, i.e., in front
of a burning house, then you probably
need to use a microwave or satellite
truck with MPEG compression.

Final signal distribution to viewers

DOWNLOAD
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is a perfect application for MPEG.
JPEG 2000 excels as a contribution
technology, but is not intended as a
distribution technology. That said,
stadiums, city halls, remote studios,
OB trucks and fixed locations where
you need the highest quality video
are good choices to consider using
JPEG 2000 to maintain optimal vid-
eo quality. As the cost of dedicated
IP networks comes down and bit
rates increase, JPEG 2000 video will
help control costs when compared
to traditional high-end video trans-
port systems. Careful consideration
of your outside broadcast require-
ments, access to high-speed IP net-
works and JPEG 2000 capabilities
provide another choice in your video
transport toolkit. BE

Dr. Heige Stephansen is chief technology
officer at FVIPS.
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Regulatory fees due

The commission has announced the final
2012 regulatory fees.

BY HARRY C. MARTIN

he final 2012 regulatory

fees have been announced

by the commission. Table

1 shows the principal fees
that apply to commercial televi-
sion, plus LPTV, television transla-
tors and Class A television stations.
+ Ups and downs. Fees for VHF televi-
sion licensees in markets 26-50 have
dropped nearly $2000 since the com-
mission’s initial proposals in May.
VHF licensees in top-10 markets were
granted a similar reduction of $7350
— about 8.4 percent — from the May
proposals. UHF licensees in the top-
20 markets were assessed increases

Dateline

¢ On or before Oct. 1, 2012, non-
commercial TV and Class A stations
in Alaska, Florida, Hawaii, Puerto
Rico, Oregon, the Virgin lIslands,
Washington, and the Pacific Islands
must file their biennial ownership
reports.

e On or before Oct. 1, 2012, televi-
sion stations, Class A TV, LPTV sta-
tions and TV translators in Florida,
Puerto Rico and the Virgin Islands
must fite their license renewal
applications.

e On Oct. 1, 2012, television and
Class A TV stations in Alabama and
Georgia must begin their pre-filing
renewal announcements in antici-
pation of a Dec. 3, 2012, renewal ap-
plication filing date.

e On QOct. 1, 2012, television and
Class A TV stations in the follow-
ing locations must post their 2012
EEQ reports on the FCC's website:
Alaska, Florida, Hawaii, Puerto
Rico, Oregon, the Virgin Islands,
Washington and the Pacific Islands.

16

over the May proposals in the range
of 2 percent, or about $1000 each.
By reducing fees for VHF full-power
television stations, the FCC implicitly
recognizes the parity of UHF and most
VHEF frequencies for digital broadcast-
ing when compared to the much lower
regulatory fees the FCC has historically
assessed against UHF stations.

*+ Fee window. The FCC established
Sept. 13, 2012, as the 2012 regulatory
fees deadline. Anyone not paying by
then will be assessed a 25 percent pen-
alty and risks “red light” status, which
means their applications and reports
will not be processed until paid.

2012 television
requlatory fees

VHFTV | UHF TV
Markets 1-10 $87,425 | $34,650
Markets 11-25 | $72,925 | $31,950
Markets 26-50 | $41,675 | $21,875
Markets 51-100 | $20,725 | $12,625
Remaining
e So $5800 | $3425
Unbuilt CPs $5800 | $3425
LPTV, TV
translators and
Class A TV {All $385
markets)
Broadcast
Aux, (STLs,
TV pickups, $10
Boosters, TV
ICRs)
Sat_ellite $275
uplinks

Table 1. Shown here are the fees that
apply to commercial television, plus
LPTV, television translators and Class A
television stations.
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* Multicasting. For Class A, LPTV
and television translator stations,
a single fee will be assessed for each
license, regardless of whether they
transmit in analog or digital mode, or
simulcast in both modes.

+ Online refund and waiver requests.
Any request for a refund, waiver, fee
reduction or deferment of any annual
regulatory fee, and of any application
fee, must be submitted electronically.
The commission’s order provides
no information about which online
filing system might be used to ap-
ply for refunds or waivers, The or-
der specifies no effective date for the
new online system; presumably, the
OMD will issue a public notice when
its refund and waiver processing site
is established.

* Bills will not be mailed. Again this
year, the commission will not send

. bills reflecting each station’s fee ob-

ligations. To ascertain what fees
have been calculated per station,
each station must go to www.fccfees.
com, enter its call sign or facility ID,
and proceed from there. When a
dollar figure appears, check it care-
fully, as the FCC’s postings are
sometimes erroneous.

+ Paying fees for auxiliaries. The
FCC’s fee calculator does not include
fees for auxiliary licenses such as TV
pickups, STLs, TV boosters and TV
ICRs that may be associated with the
main license. Thus, licensees should
check their own and the FCC's records
to be sure fees for such authorizations
are included on their fee remittance
forms (Form 159s) and reflected in
the ultimate fee payment.

Harry C. Martin is a member of Fletcher,
Heald and Hildreth, PLC.

Send questions and comments to:
harry. martin@penton.com
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Digital distribution
technology

Modulation schemes are increasing bandwidth efficiency.

BY ALDO CUGNINI

he distributien of con-

tent involves the need to

adapt digital information

to its means of carriage —
what we typically call transmission
— and to understand that fully, we
need to understand the process of
digital modulation.

Wy =

Content distribution and trans-
mission are implemented differently
on wireless, wired and physical me-
dia, where each one uses modulation
schemes tailored to carry content
most efficiently and robustly. Wire-
less transmission includes terrestrial,
satellite and wireless LAN channels,

ﬂ I

Carrier

_l—l_ a

Figure 1. QAM modulator

FRAME GRAB

A look at tomarrow's technology

Pay TV subscriber numbers lower in Q2 2012

The number of people subscribing to pay TV services in the United
States in Q2 fell by about 350,000 from the previous quarter.

U.S. net subscriber additions for
all types of subscription television
services {cable, satellite and telco TV)

Source:
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with VSB and OFDM serving the
first, phase shift keying (PSK) for
the second and OFDM again for
the third. Wired transmission to the
home is mostly by coaxial cable, us-
ing quadrature amplitude modula-
tion (QAM), or by twisted pair, using
OFDM over DSL. Physical media, i.e.,
DVD or Blu-ray, use an optical chan-
nel coding called eight-to-fourteen
modulation (EFM).

Modulation schemes have
different characteristics for
different media

One of the simplest digital modula-
tion schemes, QAM, takes two subsets
of each binary word and applies the
magnitude of each subword “value”
to one leg of a multiplier (modula-
tor), where the two multipliers are 90
degrees out of phase. (See Figure 1.)
For example, a 4-bit word is split into
two 2-bit words, each having a deci-
mal value of 0, 1, 2 or 3. These values
are then offset by the average (1.5 in
this case, when the values are evenly
distributed), resulting in a sym-
bol input to the multiplier of -1.5,
-0.5, 0.5 or 1.5, depending on the
corresponding 2-bit word. By making
the new average zero, there is no DC
component to the symbol stream, and
thus the output signal spectrum will
have no power at the carrier, i.e,, it is
a suppressed carrier signal. On the re-
ceiving end, the digital demodulator
can recover the carrier by one of vari-
ous nonlinear means.

Because a “hard” transition be-
tween words would cause a large
amount of redundant sideband en-
ergy, the input streams to the multi-
plier are sent through a raised-cosine
filter that “smooths” the edges and
results in a tight signal spectrum. Our
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4-bit example results in a 16-QAM
signal “constellation” of 16 symbols
(16=2*),forminga 16-point grid when
viewed on a modulation analyzer.
Typical digital transmission systems
use a 16-QAM, 32-QAM or 64-QAM
constellation, depending on the re-
quired transmission bit rate and the
desired C/N at a serviced receiver.

Wo=——
aAM

W —— :
QAM

Wy —
0AM

Figure 2, OFDM modulator {simplified)

VSB is a special case of amplitude
modulation, wherein the output sig-
nal is filtered with a special form of
high-pass filter (vestigial sideband or
Nyquist) that attenuates one of the
medulation sidebands. The absence
of part of one of the sidebands neces-
sitates the reinsertion of the carrier
(or pilot) signal at a lowered level.

PSK is another modulation scheme
that maps information symbols onto
a transmitted carrier signal. With this
scheme, however, the symbols are
distributed onto a constellation that
forms a circle, i.e., the amplitude is
always constant, but the phase of the
carrier is modulated by the symbols.
While a 16-PSK transmission, with
4 bits per symbol, would be mapped
onto one of 16 possible phases, it can
be seen that a 4-PSK system (com-
monly called QPSK) is identical to
a 4-QAM system. Having a constant
amplitude is a benefit in systems with
large linear distortion, such as that
encountered on satellite links.

OFDM is a complex form of
modulation that combines QAM

20

and frequency-division multiplexing
(FDM), the latter being the method
by which different signals can simul-
taneously occupy a frequency band
by using separate carriers at different
frequencies.

An OFDM medulator first converts
a single high-data-rate stream into
multiple lower-rate streams. These

FFT-!

Modulator

parallel streams are then modulated
onto orthogonal carriers that mini-
mize the mutual interference that
the data symbols could create during
impaired channel conditions. This
modulation is carried out through
a combination of multiple QAM
modulators followed by an inverse

In any of these systems, there is always

a trade-off between bit rate and desired

error-free performance, and these are set
by two limits: Nyquist and Shannon.

always a trade-off between bit rate
and desired error-free performance,
and these are set by two limits: Ny-
quist and Shannon. Nyquist sets the
channel bandwidth needed to carry
a train of symbols, and Shannon
sets the C/N level that is needed for
error-correctable performance. To
understand this at the conceptual lev-
el, imagine a system that maps input
data onto two amplitude states (i.e.,
two symbols). Increasing the data
rate, according to Nyquist, requires
increasing the channel bandwidth to
allow for carrying the information
without inter-symbol interference.

But if we take the same input data
and map it onto four possible ampli-
tude states, we now need only half
of the channel bandwidth compared
to the two-state system, for the same
data rate. It would seem as though
we got “free” channel capacity. But
Shannon tells us that, given the same
transmitter power, the need for twice
the number of possible states means
that the signal has now lost signal-
to-noise power, since the distance be-
tween adjacent symbols is now half of
the original distance.

Thus, Nyquist and Shannon to-
gether set the spectral efficiency of a
system, which we can measure‘in bits
per second of data per Hertz of chan-
nel bandwidth, commenly described

fast Fourier transform (FFT) that
maps the individual streams onto a
broadband signal. The resultant sig-
nal is then amplitude modulated onto
the final RF carrier. OFDM, due to its
strong performance in a heavy inter-
ference environment, is an integral
part of the 802.11 standards used for
Wi-Fi and now WiMAX.

In any of these systems, there is
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as “(bits/s)/Hz” (or erroneously as
bitsfHz). Thus, a modulation sys-
tem with a “raw” data rate of 32Mb/s
over a 6MHz wide channel results
in a spectral efficiency of 5.3(bit/s)/
Hz. In practice, the net bit rate effi-
ciency will be lower, due to FEC and
other overhead.

Because passband filters cannot have
an infinite cutoff, spectral efficiency
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also depends on the band-edge roll-
oft, which varies among svstems.
The net bit-rate efficiency of vari-
ous modulation systems in use today
ranges from about 3.23(bit/s)/Hz for
ATSC 10 about 6.65(bit/s)/Hz for
DVB-T2. (These numbers, however,
should not be directly compared,
as they represent ditterent values of
C/N threshold.)

New technoiogies
on the horizon

It’s conceivable that a digital distri-
bution system that exceeds 10(bit/s)/
Hz of ethciency is nearing our grasp,
considering the current develop-
ment of various promising technolo-
gies. Multiple-input multiple-ourput
{(MIMOQ) is one such selution, which
uses multiple antennas and front
ends to resolve reliability issues while
maintainingorimprovingbandwidth
efficiency. Combined with a video

TRANSITION TO DIGITAL

compression system such as High
Efficiency Video Coding (HEVC),
a new broadcast svstem could sup-
port more than 20 channels of

DIGITAL HANDBOOK

broadcasting. DVB and ATSC are
among the groups working to devel-
op and specify new compression and
channel coding technologies that are

It's conceivable that a digital distribution
system that exceeds 10(bit/s)/Hz
of efficiency is nearing our grasp,
considering the current development
of various promising technologies.

high-quality audio and video within
a 6MHz or 8MHz RF ¢channel.
Executives from television broad-
cast organizations around the world
have already formed the global
Future of Broadcast Television
(FOBTV) Initiative, establishing a
frameworkforcooperationtochartthe
future course of terrestrial television

expected to increase the data through-
put and functionality of digital televi
sion broadcast. The skv’s the limit! BE

Aldo Cugruni 1s a consuitant in the digital
television industry and a partner in 8
mobile services company.

Send guestions and comments to:
aldo.cugnini@penton.com
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System administration
for broadcasters

Training is a must for broadcasters who wear this hat.

BY BRAD GILMER

hen professional me-

dia systems are deliv-

ered, they frequently

contain  computers
and servers, and before we know it,
because we installed them and we
maintain them, we are the go-to guys
and gals for all things computer-
related. There are several problems
with having computer system ad-
ministration sneak up on you: 1) You
probably are not trained to do the job.
2) The job may involve critical on-air
or production systems. 3} You may be
unaware of architectural patterns and
anti-patterns. 4) Management may
not be aware that you are performing
in this capacity. 5) There is probably
already someone in your organiza-
tion who is the “real” system admin-
istrator; he or she is likely located in
the IT department.

Bad things can happen to good
broadcast engineers when they start
heading down this road. On the oth-
er hand, it is inevitable that highly
skilled broadcast engineers will end
up performing system administration
tasks. Let’s dig a little deeper into the
issues raised above.

Training is key

You probably are not trained to
do the job. As a professional media
engineer, there is no doubt that you
have worked quite a bit with comput-
ers. You may have even taken some
courses on computer architecture,
programming and so on when you
were at school.

But being a system administra-
tor is a different animal. You are not
just using computers; you become
responsible for ensuring that oth-
ers can use them as well. You will
have to understand server operating

systems (OS) at a whole new level.
In some ways, a server OS is simi-
lar to a desktop OS. On the other
hand, there are special utilities
and tools that help you control ac-
cess to the resources on the server,
monitor security and configure the
server for different applications.

Asa system administrator, you may
need to delve into the world of *NIX
(Linux, Unix, Ubuntu, BSD, Red Hat,
etc). There are several challenges
with *NIX administration. First, the
most efficient way to manage these
servers is through the command line.
This means learning a whole vocab-
ulary of commands such as SED, LN,
GREP and so on, many of which do

Bad things
can happen to
good broadcast
engineers
when they start
heading down the
road to system
administration.

not have equivalents in a Windows
or MAC world. Second, many of the
versions of *NIX are just slightly dif-
ferent from each other. So, you may
learn where system files are kept in a
Linux system, but when you move to
BSD, things are in a different place.
These are just a few points where a
lack of training can hurt you.
Although professional training as
a system administrator may not take
care of all these issues, training is a
wonderful thing, and it should be a
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end
system

often

engineers
computer
which come
with unique challenges ranging from
gaps in training to possible clashes
with management.

Broadcast
up  assuming
administration duties,

planned, budgeted and expected part
of the job.

The job may involve critical on-
air or production systems. When
you combine this with the fact that
you probably aren’t trained for the
job, you are headed for trouble.
After all, if you are not trained, and
then you are asked to maintain criti-
cal systems, how are you going to
learn? [ have frequently heard it
said that the way someone becomes
accomplished at anything is to have
worked at it long enough to have
made a number of mistakes, and to
have learned from them. If you are
maintaining critical on-air systems,
how many mistakes can you make
before your manager removes you
from the opportunity to learn and
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go back for more experience? Not
many; ] can tell you from personal
experience. And a related question:
How can you make changes to a criti-
cal system without having confirmed
those changes in a test environment
ahead of time? Frequently, when we
are thrust into a system administra-
tion role, we do not have time to
think these issues through.

Patterns and anti-patterns
You may be unaware of architectur-

al patterns and anti-patterns. Again,

this relates back to the first point. If

Training may help
you learn about
patterns and anti-
patterns without
incurring the
scars of practical
experience.

all you have is on-the-job training,
how can a manager expect that you
will be following best practices for
system administration? After all, these
best practices evolved through study
and analysis of system administration
tasks over years. Without training,
even the sharpest knife in the drawer
is going to make mistakes, simply be-
cause no one can think of everything.

Architectural patterns are ways
of doing things that have proven
to work well in most cases. An ex-
ample of this is two-factor authen-
tication (e.g. something you have,
and something you know). Many
different approaches have been tried
to authenticate a user, and two-factor
authentication is a successful pattern.
Think of your ATM card; it involves
something you have {the ATM card)
and something you know (the PIN).
There are many successful architec-
tural patterns for system administra-
tors, and books have been written on
best practices.

As you might expect, anti-patterns
are designs that do not work well.
They are designs where you might
say, “Given the opportunity, I would
never do that again!” An example of
an anti-pattern, although you see it
all the time, is a watch folder. Watch
folders — folders that are watched by
an application such as a transcoder —
are frequently used as a way to tell a
downstream device to do something
with a piece of content. For example,
drop content into a folder, and magi-
cally, a transcoder will pick up the
content, transcode it to another for-
mat and drop it in a pre-determined
location. What’s not to love? They are
easy to configure, easy to understand
and easy to change.

The big problem with watch fold-
ers is that you are using a file system
as a messaging system. | could write
an entire article on this topic (and
maybe sometime soon 1 will), but
this is a bad practice. If you want to
tell a transcoder to do something,
wouldn’t it be better just to send it a
message? Then it could acknowledge
the message, and you would have an
audit trail. What if someone puts a
file in a watch folder, and then deletes
it after the transcoder has started the
job? How does the transcoder know
you are done writing the file into the
watch folder?

Getting back to issue number
one, training may help you learn
about patterns and anti-patterns
without incurring the scars of
practical experience.

Communication is key
Management may not be aware you
are serving in this capacity. This is a
problem because you are essentially
performing two jobs for the price
of one. Not only that, but when you
make requests related to system ad-
ministration, your manager may have
a difficult time understanding what
is behind your request. This might
not only hurt you, but it may hurt
the manager and the company (the
law of unintended consequences). It
is much better if everyone, especially
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your manager, understands that the
business has changed, and that system
administration is now a formal part
of your job description. If you have
found that system administration
has crept into your job over the past
several years, be sure your manager is
aware of this.

As stated earlier, there is probably
already someone in your organiza-
tion who is the “real” system admin-
istrator; he or she is likely located in
the IT department. This can cause no
end of problems. Again, communica-
tion is key. I have seen many a good
broadcast engineer get caught up in
the turf war between IT and broadcast
technology. If the organization is not
clear about roles, then top manage-
ment may question why in the world
two IT departments are needed. As a
broadcast engineer, it may fall to you
to help educate your manager about
the role you have found yourself in
and how that differs from regular
office IT.

Lastly, if you find yourself in the
role of system administrator, please
remember you are there to serve the
needs of the organization; don’t be-
come a pain. Sometimes people who
are in charge of systems treat these
systems as their own personal king-
dom. You will do yourself and your
career a huge favor if you keep in
mind that, without the creative and
business types who frequently use the
systems we administer, we would be
out looking for work. BE

Brad Gilmer is president of Gilmer
& Associates, executive director
of the Advanced Media Workffow
Association and executive director
of the Video Services Forum.

2 Send questions and comments to: |
Ul brad gilmer@penton.com |
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Grab your gear

News photographers need to balance their gear loads.

BY BRYAN C. FRANK

am a news photographer. [ go out

with a camera and a microphone

to record images and sound

for a television newscast in the
Los Angeles market.

It has always been my experience
that my job is easier when I have the
right tools. That said, a problem I face
is that every story is different, and
sometimes bringing the right tools
in addition to the camera and micro-
phone is a difficult choice to make.
As much as it might be nice to have
a magic bag that can hold all of your
specialized widgets, gadgets, cables
and other assorted goodies collected
over the years, it (in my experience)
doesn’t exist.

So, it pains me to admit, but we’re
physically limited as far as how much
we can carry. In other words, while it’s
not an absolute, get used to the idea
that you can’t always take it with you.
Carry what you might need, but you
have to find your own sweet spot.

The gear spectrum

It is possible to travel light with just
a camera and microphone. At the op-
posite end of the spectrum, however,
you'll find the “kitchen sink” photog-
raphers. They are the human embodi-
ment of “be prepared.” They drive the
overloaded van, carry an oversized
fanny pack and fear being caught
with only eight BNC barrel connec-
tors. That said, naturally, I'd never
poke fun at them since I've been
saved once or twice (OK, maybe a
dozen times) by the shooters who do
carry everything.

Certainly, there are items that are
not optional. The tripod is optional
(no, Rembrandt, you don't have to
have one), but the camera and a mi-
crophone are not. Also, dont for-
get an extra disc, tape or memory
card (or whatever you're record-
ing on), and spare batteries for the

Today’s video joumalists range wide on the “gear spectrum.” Some travel with
just a camera and microphone. Others fit the “kitchen sink” mold. Multi-tools and
packing just the “needs” can help achieve a gear balance.

camera and wireless mic transmitter.
(I think we've all learned this
from experience.)

The further the walk back to the
truck, the more precaution one
should take not to lose recording
ability. Wireless audio technology is
pretty reliable, but never is it 100-per-
cent guaranteed. XLR audio cable has
saved more than one interview.

If you look into my bag, you'll find
a pocket multi-tool — the kind that
has knife blades, screwdrivers and un-
folds into a pair of pliers. Just be care-
ful about carrying it all the time. I al-
ways stop carrying it each time I lose
one to an airport security checkpoint.
And, of course, I'll buy another one
when I'm caught without and need
it in the field. Also, I keep an LED
mini-flashlight as well as a headband
hands-free LED light.

Digital age

If you've looked around recently,
you might have noticed the broad-
casting industry has its feet firmly
planted in the digital age. My station
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converted to Sony XDCAM disc-based
acquisition more than five years ago.
We've also slowly begun migration
towards SD card solid-state recording
media. Shooting on disc and having
the availability of a nonlinear edit
system in the field has prompted my
own purchase of two items that peo-
ple cutting tape-to-tape never needed
— a USB thumb drive and a portable
500GB external USB hard drive.

Both drives allow me to transfer
and archive edited stories without
having to hook up a laptop. They also
give me the ability to copy and trans-
fer visual digital material from other
computers. I first used a 4GB thumb
drive that would get me through most
transfers, but I recently picked up a
32GB replacement because, appar-
ently in storage, size matters.

As long as I'm talking about the
more gadgety items in my life, I might
as well admit that even though I'm a
long-time PC user, Apple products
have creeped into my world.

Yes, an iPhone and iPad have be-
come nearly indispensable to me.
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They're like the Swiss army knives of
the digital age. I use them for GPS and
general information on a daily basis.
They’re good for taking notes and of-
fer another option for text or social
media communication. In a pinch,
the iPhone can (and has) serve as a
backup video camera. They’re not
mandatory, but they can sure make
the day easier.

A multi-format USB memory card
reader also is handy to have. I’ve taken
digital still shots and video into our
computer from pocket cameras and
even cell phones. I also still carry a set
of cables that adapt RCA (standard
consumer audio/video connectors) to
BNC/XLR (standard grownup con-
nectors). Pm just finding that I use
cables less frequently.

Not everything one carries is a tech-
nical piece of gear, however. Should
you ever get stuck on a fire or snow
story miles from home, you’ll quickly
learn to keep handy a toothbrush.

Travel

I have my passport with me at all
times because I really hope to someday
hear the news director vyell for some-
one to jump on a plane somewhere
(heck, anywhere, I'm not picky). On
the travel front, I keep separate bags

packed — one with fire and safety
gear and one with an assortment of
clothes for different climates. We
happen to cover a wide geographic
area. It might not be snowing in
downtown Los Angeles, but we have
mountains and ski resorts within easy
driving distance.

Again, you can’t take it all with
you, but sometimes a breaking
news story isn’t over by the end of

You can try to plan
for every scenario,
but there’s always
going to be some

limit on what
you can carry.

- —
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a shift; i.e., you may not expect to
spend a night away from home, but
it happens.

P've shopped at grocery stores, gas
stations, convenience stores, truck
stops and just about anywhere open
24 hours for all things personal-hy-
giene related. I've also found myself
to be much less picky about truck-
stop fashion in single-digit weather.

PRODUCTION ROOM

DIGITAL HANDBOOK

You can plan, pack and try to an-
ticipate every possible scenario, but
there’s always going to be some prac-
tical limit on what you can carry.

At the end of the shift, I think it’s
not so much about the tools and
gadgets we use to get our jobs done; it
really depends on the resourcefulness
of the person doing the job. Regular
people like me go out and make it
happen. It’s not always easy. Some-
times, we have the right tools, and
other times we have to do what we
can with the equivalent of two sticks,
chewing gum and rubber bands.
The point 'm making is that good
news photographers will make air
regardless of the gear they have or
don’t have.

Summary

In closing, I am not the guy who
carries a ton of gear to every story. But,
I also don’t want to be the guy missing
needed tools. As a photographer, what
I pack is up to me, and I just want to
have what I need to handle most situ-
ations. It’s called the sweet spot, and
it is where I think you'll find the best
news photographers. BE

Bryan C. Frank is a news photographer in
the Los Angeles television market.
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NEW MEDIA NETWORKS

SYSTEMS INTEGRATION

An introduction to
LTFS for digital media

The open standard can benefit content producers.

BY RAINER RICHTFR

e live in an age where

content is king. For

the  entertainment

and media industry,
the majority of this content is now
produced in digital form, and virtu-
ally all of this content has digital dis-
tribution; that content is now digital
data. Protecting that content, the life-
blood of this industry, with the right
data storage system is more impor-
tant than ever.

is useful if the tapes are to be sent off-
site, archived or shared with a variety
of recipients.

The LTFS standard was adopted by
the LTO Program in April 2010. It is
an open format and software specifi-
cation that supports simpler and new
ways to access data on tape. Although
the tape model hasn’t changed dra-
matically over the years, the speed,
storage density and features of data
tape have improved significantly,

Potential LTFS roles:

= |J|trium with LTFS: Long-term reliable access/archive
= Ujtrium with LTFS: Disk offioad/HSM
= Ultrium with LTFS: interchange

Past production

Dustribation

Edit Effects CaonfarmiDI

farmarting

Digtnbutesn

\

L

ULTRIUM
with LTFS.

ﬂ//

F Qg

Web, iTunes,
Cable/satellite

Hulu, etc.

Figure 1. LTO tape is already firmly established in the media production environment.
For production, LTFS efficiently supports several important requirements such as camera
media resuse. backup, transport, direct access to data and archiving.

Tape is already firmly established in
the media production environment
whether to secure on-set content or
for long-term archiving. LTFS broad-
ens LTO technology usefulness by be-
ing easier to use and more robust. The
open and self-contained LTFS format

ultimately providingreliable and inex-
pensive storage as a sequential storage
medium. With LTFS, accessing files
stored on the LTFS-formatted media
is similar to accessing files stored on
other forms of storage media, such as
disks or removable USB flash drives.
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It has no application software depen-
dencies, offers support for large and
numerous files, and often can have a
lower total cost than traditional man-
aged tape storage.

How LTFS works

LTFS consists of a software driver
and the format specification. Driv-
ers, some free and open source, are
available for various operating and
tape systems from the tape hardware
vendor websites.

The format is a self-describing
tape format and defines the orga-
nization of data and metadata on
tape. Within the partitions, the tape
contents are still stored as usual, as
blocks of data and file marks. Files
are mapped by LTFS to a hierarchical
directory structure.

LTFS uses media partition-
ing, where tape is logically divided
“lengthwise” into two partitions:

* Index partition: Contains file system
info, index, metadata.

» Content partition: Contains the files/
content bodies.

The standard LTO-5 tape cartridge
is segmented into two partitions, one
for the index and one for the data,
so the index partition can be modi-
fied as needed without affecting the
append-only data partition. This
creates a self-describing tape where
a user can see the tape cartridge and
its contents in the operating system
directory tree browser and can copy,
paste or drag and drop files/folders
to and from the tape. Similarly, ap-
plications can access the data on tape
directly, unaware they are using tape,
though there may be differences in
latency inherent to tape.

When the tape is inserted and
mounted in a tape drive, the
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information in the index partition is
read and cached in the workstation’s
memory. From that point on, the
index is accessed and updated in the
workstation memory for fast perfor-
mance and so the tape head can stay
positioned in the content portion of
the tape to more quickly access files
Or write new ones.

As the tape is used, the index is
updated in the workstation memory
for fast performance, eliminating the
need to go back to the beginning of
the tape. To protect the index, LTFS
periodically copies the index from
the workstation’s memory to the data
partition. When the tape is done be-
ing used (unmounted), the index is
copied one more time at the end of
the data partition, the tape is rewound
and then the index is written twice to
the index partition. Essentially, there
are multiple copies of the index on
tape for restoring in the unlikely event
the index partition index is not usable
or if a user wants to roll back the tape
to a previous version.

For instance, you may want to re-
store it to the way the tape appeared
last Monday by choosing an index
from that date. In some tape library
implementations, the tape cartridge’s
indexes are cached to a server disk for
fast searching without having to re-
mount the tape cartridges. LTFS also
supports extended attributes, which
enable custom file metadata.

Workflow

LTFS opens up new opportuni-
ties for media and entertainment
storage and distribution, providing
support to media workflows. LTFS
directly affects two major trends
having significant impact on media
and entertainment companies and
digital media producers: the shift to
file-based workflows and increasing
storage demands.

With the advent of digital tech-
nologies, moving image (video and
film) content producers and dis-
tributors are transitioning from ana-
log/linear workflows based on film
or videotape technology to digital/

nonlinear workflows based on the
manipulation of data files. Many
organizations have already com-
pleted this transition. This has been
commonly referred to as “moving
to a tapeless workflow,” though it is
more accurate to call it moving to a
“videotapeless” workflow.

The other fact of life in media
and entertainment is the demand
of ever-increasing visual resolution
and complexity (HD, 4K, 3-D, etc.)
creating more and larger files that
must be managed. Keeping hours of
such media online on disk quickly
becomes cost prohibitive. LTO tape,
especially with LTFS, can address the
challenge. LTFS can work with LTO
hardware-based lossless compres-
sion, which can provide bandwidth
and capacity benefits depending on
the data content.

Production

LTO tape is already firmly estab-
lished in the media production envi-
ronment. (See Figure 1.) For produc-
tion, LTFS efficiently supports several
important requirements.
+ Camera media reuse: Digital cam-
eras encode motion images directly to
SSDs or removable disks in the cam-
era. These media are quite expensive
(three to more than 350 times the
equivalent media cost on LTO). Fast
transfer of their contents to tape with
LTFS enables reuse of this expen-
sive media, reducing the number of
SSDs or disks that must be purchased
or rented.
* Backup: Backup of daily footage to
LTO tape is 2 common requirement
as the loss of a day’s worth of produc-
tion is costly. LTFS facilitates backup
by enabling small portable indepen-
dent systems to easily write daily con-
tent to tape.
+ Transport: The density and cost of
LTO-5 tapes with the self-describing
capabilities of LTFS combine to cre-
ate an effective transport medium.
Large amounts of data can be sent
more quickly and economically than
network-based transmission methods.
This is especially compelling for digital
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productions, which can produce
terabytes of data for every day of shoot-
ing. The encryption features of LTO
tape help secure the data in transit.

* Economic direct access to data: For
any file-based production workflow,
an LTFS-enabled tape drive can feed
workstations or networks with con-
tent directly and relatively quickly,
similar to a disk and unlike most tra-
ditional tape systems. An application
via the operating system always has a
direct and persistent view of a mount-
ed LTFS tape and the files it contains.
Consequently, in a workflow where
access to a file is expected to be fast
but not instantaneous, such as a stock
footage collection or archive footage
of an ongoing news story, an LTFS
tape is an effective and economical
choice for storage.

* Archive: LTFS-formatted tapes can
be easily imported into an LTFS-
compatible archive by simply reading
the index and adding the file meta-
data to an archive manager’s catalog.
Conversely, traditional systems that
use separate media for transport and
archive require all the data be recop-
ied. With LTFS, there is no need to
read the much larger data partition
or transfer the data to other storage
media. The transport media and the
archive storage media are one and the
same under this scenario. The “im-
port bandwidth” of tapes being added
directly to a library en masse far ex-
ceeds any system that requires move-
ment of the actual data.

These are just a few of the ways that
LTO tape technology and LTFS are
transforming production and stor-
age in the media and entertainment
industry. These excerpts and addi-
tional details are available in a white
paper titled “LTFS Hits the Mark in
Media & Entertainment: An In-Depth
Introduction to LTFS for Digital Me- .
dia” provided by the LTO Program at
www.ultrium.com/whitepaper or at
www,mediatechmarketpartners.com.

Rainer Richter is a principal of
Media Technology Market Partners.
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Special Report

Consoles and mixers

Shown here aboard a onsoles sit at the center of every re-
Telegenic OB truck, the cording and broadcast preject — in

o L GG T the studio, in the field, routing and
allows users the option to

output LtRt phase-encoded processing audio. But, although

signals directly from the technology has developed significantly, the

console’s main outputs.  role of the console has remained fundamen-
tally consistent for the last 75 years or so.

As with every other class of equipment
manufacturers, however, companies that
build boards must keep listening to their cli-
ents. Are audio engineers asking for new fea-
ture sets? What will the next generation of
consoles look like? Representatives from some

“Analog snakes in TV hroadcast are almost an extinct
reptile. Multichannel digital connections over fiber
and copper, such as MADI, are the evolution of the
species.” — Piers Plaskitt, Solid State Logic CEQ

of the top console manufacturers spoke with
Broadcast Engineering and shared where this
key industry is in 2012 and what changes con-
sumers and the industry might look forward
to in coming years.

Broadcast Engineering: In the 1990s, digital
audio workstations began including consoles as

part of software packages. Are we beginning to
see a push back in the area of console design?
Specifically, can we expect to see consoles that
host third-party plug-in processors?

Piers Plaskitt, Solid State Logic CEO: “It’s
arguable that a digital audio workstation
and a digital console are built from the same
pieces; i.e. a control surface, 1/O and digital
processing. However, the console is optimized
for scale, performance and control, with short
latencies and good hands-on operability. A
digital audio workstation is designed to be
screen-, keyboard- and pointer-controlled
and should be optimized for editing and cost,
with a modest amount of 1/0. The technolo-
gies may be similar between each, but the
applications and performance of each are
quite different.”

Phil Owens, Wheatstone Eastern U.S. sales
manager: “Only in a pure production envi-
ronment. Live boards typically have feature
sets (mix minus, IFB, delays) that music pro-
duction boards lack, and music production is
where things like WAVES plug-ins are most
helpful. Some of our competition imple-
ments some control over DAWS through the
Mackie HUI protocol, but that doesn’t allow
for plug-in control. So, the distinction hasn’t
really blurred all that much. It’s still a case of
the right tool for the job.”

Andy Trott, Studer by Harman vice presi-
dent and general manager, mixers, micro-
phones, headphones: “It’s a question of work-
flow and personal choice. DAW systems are
obviously used in the creation process, while
the console is used alongside for production,
but standalone in delivery.”

Broadcast Engineering: Miles of ana-
log snake being replaced by a digital ma-
trix has brought large change to live audio
production. What impact has this had on
console manufacturing?

Henry Goodman, Calrec Audio head of
sales and marketing: “Network technologies
allow hundreds of audio signals to be trans-
ferred in both directions along a single con-
nection. At its simplest, a densely packed 1/0
box can be located anywhere it is required and


www.americanradiohistory.com

i?l"RIEDEL

Integrated Real-Time Solutions
for Studios, Mobile Productions & Stadiums

SIGNAL TRANSPORT & ROUTING

+ MEDICRNET
Fiber-based Real-Time Media Network

* ROCKNET
Performance Audio Network

* PURE

Heavy-Duty Tactical Fiber Cable

* SMART RACK
Modules for RF-over-Fiber, CWDM &
WDM Multiplexing/De-Multiplexing

* RILINK
Global Fiber Service

—

VIDEO PROCESSING

* Up- /Dow"-/ Cross-Conversion
* Quad Split

* Frame Store Synchronizer

* Embedder/De-Embedder

* Test Pattern Generator

* On-Screen Display

* Timecode Insertion & Display

INTERCOM

* ARTIST
Digital Matrix Intercom

TWO-WAY RADIO

* RIFACE
Universal Radio Interface

* PERFORMER
Digital Partyline Intercom

* JUGGLER
TETRA Radio Interface

* ACROBAT
Digital Wireless Intercom

* AIR / PRO / MAX
Radio Headsets

* MOTOROLA
Two-way Radio Rental

'UPPERTAL | BEUING | BERLIN | GLENDALE | LONDON | MOSCOW | SAD PAULO | SINGAPORE | SYDNEY | VIENNA | ZURICH

www.rledel.net


www.americanradiohistory.com

Special Report

Shown here in the
DutchView DV8 OB van,

a Studer Vista 9 console

is pa