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FOREWORD

The theme for this year’s NAB Broadcast Engineering Conference is Keeping Pace with
Technology. This Proceedings was compiled to serve as a reference for engineers in the
broadcast profession who are facing the challenges cf implementing digital technologies.
We hope you had the opportunity to attend the conference and interact with our many expert
presenters. If not, this publication should help you in your quest to enhance your career.

Changes in the broadcast industry are occurring at an unprecedented rate. Broadcasters are
taking advantage of facility consolidation, making the transition to digital technologies, coping
with spectrum issues and seeking opportunities on the Internet. As we race toward the 21st
century, take time to learn about new technologies and consider how they may benefit you, your
company and the lives of your listeners and viewers.

The time has never been more challenging and demanding for broadcasters. We sincerely thank
those professionals who gave their time and energies to make this conference a success. Among
them are our friends and colleagues of the Society of Broadcast Engineers (SBE) who co-
produced the conference. For the first time, the IEEE Broadcast Technology Society and the
National Institute of Standards and Technology (NIST) teamed up to provide an exceptional
tutonal on digital video. Finally, in the spirit of international cooperation, we were again honored
by the participation of members of the European Broadcasting Union under the expert leadership
of Dr. George Waters.

As always, the NAB/SBE Conference Planning Committee welcomes your comments not only on
this year’s conference, but also for future conferences. We invite you to call or write anytime.

ek~ ot

Jerry Whitaker Lynn D. Claudy
Chairman Senior Vice President

NAB/SBE Engineering Conference Committee NAB Science & Technology
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HDTV/FILM PERFORMANCE COMPARISON

Henry W. Mahler
CBS, Inc.
New York, New York

Abstract

A significant percentage of program material
initially transmitted in the FCC approved
Advanced Television transmission format will
originate from 35mm feature films and episodic
television series currently shot on film. Since
some of these series currently employ 16mm
film. CBS has conducted tests to determine if
16mm or Super 16mm film is capable of
providing the level of quality necessary for
transfer to HDTV. Objective measurement data
and subjective comparisons are presented.

Objective

It is anticipated that a significant percentage of
the program material initially presented in the
new Advanced Television transmission format
will originate from feature films and episodic
television series currently shot on film.
Furthermore, it is a well established fact that
feature films on 35mm film have sufficient
resolution to generate HDTV images which fully
exploit the bandwidth/resolution limits of the
ATV standard.

In 1984 CBS performed tests which were aimed
at determining the resolution required by the
emerging HDTV standard to match that of
theatrically project 35mm film'.

This work established that the HDTV standard
and equipment was sufficient to provide that
resolution.

However many of the made-for-TV series are
presently utilizing 16mm film. This is
satisfactory for the current television standard
which transmits less than 350 TV lines-per-
picture-height (TVL/PH), but the proposed
HDTV transmission standard is capable of over
870 TVL/PH’. The current HDTV production
standard, SMPTE Standard 274M, specification
of 1920 pixels/1080 lines, 2:1 interlace format
will also produce over 870 TVL/PH.

A theoretical paper from Kodak in 1989°
examined the transfer of 35 and 16mm film to
HDTYV and the predicted resolution and noise
performance. However, there are no published
test results that we are aware of which establish
whether 16mm film is capable of providing this
resolution at a sufficient level when converted to
the SMPTE 274M format.

The present task was to conduct an engineering
test to measure the resolution capability of 35mm
and 16mm film when transferred to the Advanced
Television electronic format and determine the
suitability of each format for such use.

Methodolo

To answer this question, CBS Engineering
recently conducted tests at the CBS Studio
Center back lot in Los Angeles, California.



A series of outdoor scenes and various test charts
were shot on film and video. The film was shot
on 35mm, Super 16mm, and 16mm. All were
framed in the appropriate 16:9 aspect ratio for
the format and carefully imaged on the same
scenes and test charts. An HDTV camera was
also used to record the same scenes and charts on
a digital VTR. The film was converted to video
using the highest quality HDTV film transfer
equipment and all digital processing. Then a
blind sequence of scenes were intercut to a video
tape to subjectively assess and compare the
resolution capabilities of each source. Detailed
quantitative measurements were also made of the
camera negatives as well as the HDTV signal
from the telecine and HDTV camera.

Equipment Emploved

The motion picture equipment employed was
selected by the cinematographer Michael
O’Shay, ASC as representative of the highest
quality normally employed for the production of
TV movies and series. Panavision of Hollywood
provided the film cameras, lenses, and
accessories. Sony Broadcast and Professional
Products Group supplied the HDTV equipment.
Each film camera was equipped with a
Panavision supplied graticule which had the 16:9
image area defined for that film format. A TV
pick-off was utilized, along with the
cameraman’s eyepiece to establish the 35mm
framing. This was recorded to assist in matching
the HDTV, Super 16, and 16mm to the 35mm
image.

The following image sizes shown in Figure 1 are
those defined by Panavision for the 16x9 image
on each film format:

CAMERA IMAGE SIZE COMPARISON (mm)

(Based on Panavision Defined 16X9 Image Sizes)

— 13.40 ——me————

FIGURE 1
Film Tvpe Horizontal X Vertical
35mm 24mm X 13.49mm
S 16mun 11.94mm X 6.71mm
16mm 9.60mm X 5.38mm

The Sony HDTV camera® employs three 17
CCD’s which have an image diagonal of 16mm
and the following 16 x 9 size:

HD CCD Horizontal b 4 Vertical
Size 13.94mm X 7.85mm
Pixels 1920 X 1036

Film Equipment

Panavision SuperGold 35mm camera,
Senal No. PFX-53-G2

Panavision Panaflex Super 16mm camera,
Serial No. PFXEL-2

Panavision Panaflex 16mm camera,

Scrial No. PFXEL-23

Panavision Primo Zoom 17.5-724mm lens,
Serial No. SLZ-111

Panavision/Canon Zoom 11.5-1324mm lens,
Serial No. 16ZM12X-05
Panavision/Canon Zoom 8-624mm lens,
Serial No. 16ZM8X-02



Film

The film stock employed in the test was Eastman
color negative 5248/7248 (35mm/16mm), which
is used for the majority of filming at Studio
Center. It is characterized by Eastman Kodak as
“a medium-speed film, 100/21 Tungsten-64/19
Daylight, featuring micro-fine grain, very high
sharpness, and high resolving power, with a wide
exposure latitude.”

HDTV Equipment

Sony HDC-500 camera,

Senal Number 10130

Fujinon HR6X12ERD, 6x1 Zoom Lens, Serial
Number 331259

Sony HDD-1000 Digital VTR &

HDDP-1000 Processor,

Senal Number 13202

HDTYV Telecine

The Sony Pictures High Definition Telecine® is a
custom device built for Sony Pictures by the
Atsugi camera group. Unlike the Rank Flying
Spot Scanner or the BTS line array CCD, this
telecine does not scan film continuously. The
telecine utilizes a modified High Definition
Hyper-HAD array CCD camera head from the
Sony HDC-500 camera and a pin-registered
intermittent projector movement developed for
Sony by SEIKI Japan.

In use, the film perforation is first measured and
the movement adjusted to the actual dimension of
the film to minimize wear and maximize
registration accuracy.

The system progressively scans either 16mm or
35mm film, negative or positive 24, 25, or 30
frames per second. A 3/2 pulldown sequence is
added to enable compatible recording of SMPTE
260M on HDD-1000 digital recorders. After
gamma pre-amplification, the output of the
camera head is digitized at 10 bits in RGB color
space. The approximate signal-to-noise
performance is 60dB at a bandwidth of 30 MHz.

The image processing side of the telecine has
extensive image control capabilities, such as
programmable dye masking in log space and a
gamma corrector with 14 bit resolution.

Test Procedure

A wide, medium, and tight scene was set-up on
the “Seinfeld” exterior New York street with two
young ladies seated in front of the background of
store fronts. Diffusion material was stretched
across the street (silk-in) to eliminate direct
sunlight and deep shadows. No supplemental
lighting or reflective devices were used.

Each scene was set-up and shot sequentially by
the four cameras within a short period of time.
All cameras were placed upon the same tripod
and adjusted to the same lens height to minimize
any field-of-view or parallax differences.

To establish depth-of-field based upon distance-
to-subject, lens focal length, and iris setting each
scene was first filmed with the 35mm camera.
The remaining cameras were then set to the iris
opening which would provide the same depth-of-
field. Neutral density filters were used to
produce the correct exposure.

To match depth-of-field among the various
formats with widely differing image areas it is
necessary to operate at different iris settings.
Using the American Cinematographers
Handbook and the formulas for calculating near
and far focus limits, the following f stops and
neutral density filters were employed for all
scenes.

HDTV 3Smm Super16 16mm

Iris setting ¥ 5.6 8.5 46 46

ND filter 0.9 none 0.6 0.6

Due to the differing image format sizes, the focal
length utilized was determined by conforming the
scene displayed by the TV assist to the
previously recorded 35mm scene. Distance to the
subject was determined by the cinematographer



on the 35mm camera for each of the three scenes
and duplicated for the other cameras.

Scene
Wide Medium Tight
Object Distance/ft 30 15 12

Focal Length/mm

35mm 20 27 40
HDTV 12 16 25
Super 16 10 15 22
16mm 8+ 12 20

A color correction filter, type 85, was used on
each of the film cameras to correct the tungsten
film for daylight exposure. The built-in daylight
correction filter was used in the HDTV camera.

Post Processing

Following completion of filming, the exposed
film was delivered to Foto-Kem/Foto-Tronics of
Burbank, California for development. The
negative material was then transferred to the
HDTYV format at Sony Pictures High Definition
Center on their custom telecine. The output of
the telecine produces RGB signals at a bandwidth
of 30 MHz in the 1125 line standard and is
digitally recorded on the HDD-1000 in the Y, B-
Y, R-Y format at 30 MHz for Y and 15 MHz for
B-Y, R-Y. This provides 873 TVL/PH of video
resolution.

During the transfer process fine adjustments were
performed to match the size and framing to the
HDTYV recorded images as well as preliminary
color and gamma corrections. Final color
correction was performed digitally on a Digital
Vision HDTV color corrector. The matching and
color correction of the transferred film to the
recorded HDTV scenes was done to eliminate
distractions. Thus, the attentions of observers
will be concentrated mainly on evaluation of
resolution differences between formats, which is
the main goal of the study.

For use in blind subjective comparisons,
unidentified short segments of each scene from

each format were recorded sequentially. Digital
machine-to-machine editing was used to eliminate
any possible degradation of the signal. Following
these segments the sequence is repeated but with
identification of the formats present. The
identified section of the presentation was edited
in the analog domain through a Sony HDS-
1000T switcher specified at 30 MHz bandwidth.

Objective Measurements

For objective measurements a Marconi Test
Pattern No. 1 was imaged by each camera during
shooting. With this chart framed to fill the height
of the 16 x 9 image it provides a maximum
spatial frequency of 800 TV Lines-per-Picture
Height (TVL/PH). It was also framed at one-
half picture height to produce a maximum of
1600 TVL/PH.

The Sony HDC-500 camera utilized in the test
employs a one inch image format, two million
pixel CCD. The output response’ of the HDC-
500 1s shown in Figure 2.
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Although it provides usable horizontal resolution
to 1000 TVL/PH, after recording the signal on
the HDD-1000 digital VTR it is limited to 30
MHz bandwidth.



SMPTE 274M defines the active horizontal line
for the 1125/60 2:1 format as 1920 samples out
of a total of 2200 per line for a duration of 25.86
usec. With a bandwidth for the Y signal of 30
MHz this produces a total of 1553 TV lines-per-
picture-width and thus 873 TV lines-per-picture-
height (TVL/PH) in the 16 x 9 image.

Based upon the Panavision specified picture
heights of the film formats; 13.49mm for 35mm,
6.71mm for Super 16, and 5.38mm for 16mm,
the cycles/mm equal to the spatial frequency of
800 TVL/PH can be calculated as; 29.6/35mm,
59.6/Super 16, and 74.4/16mm.

Data from Kodak for the 5428/7248 negative
provides the following response at 800 TVL/PH
spatial frequency; 85%/35mm, 60%/Super 16,
and 50%/16mm. The modulation transfer curves
for each film format, provided by Kodak, have
been replotted as percent response versus
TVL/PH on linear scales in Figures 3,4 and 5
below.
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It can be seen that response at 800 TVL/PH for
the 16mm formats falls below 50% based upon a
weighted average of the green and red values
compared to approximately 80% for 35mm.

The results of microdensitometer scans
performed with white light on the camera
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negative images of the Marconi Test Chart are
shown in Figure 6 for the three film formats.
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From this graph we can observe the significant
reduction of response at mid and high spatial
frequencies for the 16mm formats as compared to
35mm. As mentioned earlier, resolution data in
the range from 800 TVL/PH to 1600 TVL/PH
was obtained by imaging the Marconi Test Chart
at half size. It should be noted that the Marconi
chart contains square wave patterns rather than
sine waves necessary for a true modulation
transfer function response.

Once transferred to the HDTV format, MTF
measurements may be performed in the video
domain up to the limit of the standard which is
873 TVL/PH. The following measurements of
the Marconi chart, Figure 7, were performed
using the Y output of a Sony HDD-1000
displayed on a Tektronix 1735HD waveform
monitor.

These measurements include the effects of
gamma correction and video enhancement since
they were measured from the videotape processed
for direct display on a CRT. Gamma correction
and enhancement of the HDTV camera signal
were performed in the HDC-500 prior to
recording. Gamma correction and enhancement
of the film images was performed in the telecine

transfer process prior to recording to obtain the
closest visual match to the HDTV camera image.

TVL/PH
300 400 500 600 700 800
Format % Response
HDTV 114 110 91 80 66 60
35mm 107 100 87 73 52 36
Super 16 80 71 56 36 20 5
16mm 73 47 36 23 3 -

Noise and Granularity

Kodak has reported on the conversion of film
granularity to video signal-to-noise and
calculated that Super 35, which closely
approximates the image size utilized for the
35mm 16 x 9 format, has an unweighted rms
noise level in dB below peak signal level of 50
dB for EXR5254 film. These calculations have
been extended to EXR5248/7248* and produce
the following equivalent signal-to-noise ratios
compared to the HDC-500.

Format

HDC-500 35mm  Super 16mm 16mm

Equivalent
S/N dB 54 48 42 40

Analysis of Results

Horizontal Resolution

Comparing the microdensitometer response of
5248, 35mm film Figure 3, to the basic response
of the HDC-500 high definition camera, Figure
2, shows a very close correlation up to 900
TVL/PH. Both these responses are subject to an
additional MTF. The film will be processed by
the telecine system while the HDC-500 response
will be modified by the MTF of the lens
employed.

The resulting responses, plotted from the digital
VTR output in Figure 7, correlated very well up
to 800 TVL/PH. However, at 300 lines of
resolution, the 16mm and Super 16mm film
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deliver only about half the response of the 33mm
film and HDTV camera systems. This
significant reduction in response of both 16mm
formats compared to the HDD-500 and 35mm
format is obvious at all stages.

In the range of 600 to 800 TVL/PH they exhibit
more than 50% lower response than the HDD-
500 and the 35mm format. The 16mm formats
have reached limiting resolution in the 700-800
TVL/PH region, while the HDD-500 and 35mm
produce levels exceeding 25% response at the 30
MHz band limit of 873 TVL/PH. In fact, for
comparability, the 35mm and HDTV response at
700 TVL/PH can be compared to the Super 16
and 16mm results at 300 TVL/PH. There was
no measurable response from the Super 16 and
16mm formats in the range of 700 TVL/PH.
However, there was a measurable resolution
produced by 35mm and HDTYV in the 600 to 800
TVL/PH range. In this range the response from
the HDTV camera was approximately 25%
higher than that of the 35mm film system.

Other Considerations

The basic size difference between the 35mm and
the 16mm 16 x 9 formats is shown in Figure 1, it
demonstrates that less than one-fourth the area of
film is utilized for 16mm and Super 16mm as
compared with 35mm.

The additional magnification required for the
Super 16mm and 16mm film results in a
reduction of equivalent signal-to-noise of 6 dB
and 8 dB. In addition, this magnification
amplifies any imperfection or debris which might
be present on the film. At the increased
resolution capability and greater viewing angle
expected for advanced television displays, such
imperfections will become more apparent than
with current standard resolution television.

Subjective Observations

The sequential recording of unidentified short
segments of each scene from each format were
used to conduct a subjective comparison of the
HDTYV tape transfers. The blind sequence was
followed by the second sequence which was a
repeat of the first but with identification of the
formats present. Several expert viewers were
shown the sequence and concluded that the Super
16mm and 16mm pictures were noticeably softer
than the 35mm and HDTV material. The 35mm
and HDTV sequences were judged to be very
similar to one another.

The observers also noted that the weave, judder
and grain noise was more evident in the small
film format transfers. It was felt that the film
motion artifacts may be attributable to the fact
that there are fewer sprocket holes in the 16mm
film. In fact there is a two to one relationship
between the number of sprocket holes per picture
in 35mm to that of 16mm.

Conclusion

Based upon both a subjective as well as objective
review of the transferred film material it is
evident that the 16mm source imagery exhibits a
significant reduction in resolution capability and
an increase in visible grain structure. From these
observations, CBS has concluded 35mm film
should be employed to preserve the image quality
of productions currently utilizing film which
might be transferred to the new ATV video
format.

1"
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THEHDTV SYSTEM FOR THE ATLANTA OLYMPICS

Kenichiro Nagano
Manabu Hanada
Kohei Nakae

1. INTRODUCTION

Outside broadcasting of HDTV at the Atlanta
Olympics was carried out as a co-production
with ZDF. NHK took charge of the opening and
closing ceremonies and nine athletic events,
including the marathon, gymnastics, judo
and soccer, while ZDF handled other events.

Original programs produced by both
organizations were transmitted first to the IBC
(International Broadcast Center), and there
converted into the HDTV system of each
organization in their respective MCRs (Master
Control Room). This is because NHK's HDTV
system has 1125 scanning lines, while that of
Eureka has 1250. However, actual broadcasts
to Europe were carried out not by the Eureka
system, but by "PAL plus."

HDTYV programs were produced unilaterally
by NHK. In this production work, we were very
conscious of the need to distinguish this system
from the so-called next generation TV and
conventional NTSC systems.

The opening and closing ceremony and
athletic venues, including those for the main
athletic track and field events, swimming and
gymnastics, were connected to the IBC by
optical fiber. Programs for broadcast sent from
these venues were transmitted to Japan in real
time via the IBC.

International transmission was carried out by
the under-sea optical fiber cable of KDD, rather
than by satellite circuits.

Features of the outside broadcast program

production and transmission are summarized as
follows; =
1. Introduction of new apparatus, including the
new HDTV OB-van
2. Use of optical fiber transmission devices
* 45 Mbps suppressed frequency band-width
transmission device
* 1.5 Gbps full frequency band-width
transmission device
3. Expansion of the time brackets scheduled for
live broadcast

2. TRANSMISSION BETWEEN THE USA
AND JAPAN THE SYSTEM PRIOR TO
BROADCASTING

Optical fiber transmission was used for all
routes from Atlanta to NHK Broadcasting
Center in Tokyo. It was therefore possible to
avoid the deterioration of quality entailed in
multi-stage relay via satellite.

The stretch from the IBC in Atlanta to a city
on the west coast used optical fiber of DS3
reting with 45 Mbps transmission capability.
The under-sea optical cable of TPC-5 across the
Pacific Ocean transmitted the programs to Japan.
In Japan, they were transmitted to the HDTV
studio of NHK Broadcasting Center via KDD
Ohtemachi station. They were there converted
to MUSE signals and up-linked to the
broadcasting satellite.

13
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3. INTRODUCTION OF NEW APPARATUS

The following three new equipment items
were introduced for use in program production
at the Olympics this time.

1. New HDTV OB-van

One of the biggest features of the new OB-
van is that it can be used for both the HDTV and
NTSC systems.

It is standardly equipped with 5 new cameras,
with a CCU which has SDI (Serial Digital
Interface) output. The camera system is wholly
digitalized together with the VCRs and a
switcher. The switcher is provided with its own
3- dimensional DVE function which assures
more precise image effects than those secured by
the conventional HDTV OB-van.

VCRs of the HD-D5 for use with 1/2 inch
cassette tape were carried on board. There were
replaced the 1 inch VTRs conventionally used.

Cameras and VCRs were provided with
functions for switching field frequencies
between 59.94Hz and 60H7 in order to

correspond to both the HDTV and NTSC
systems.

2. New camera
The features are as follows;
(1) 2 million picture elements with 2/3 inch
CCD
(2) F8 (2000 Ix), S/N 54dB
(3) Capability to transmit long distance
(max. 3km)
using a new type of optical fiber cable
(corresponding to 1.5Gbps transmission)
(4) Capability to output HDTV and NTSC
images simultaneously from a CCU
(5) Capability for attachment of a high
magnification lens (x65) by building up
the system
(6) Compact, and lightweight

3. New VCR HD-D5
This HDTV VCR was developed from the
standard D-5 VCR, which has the highest

recording bit rate among 1/2 inch cas:
dioital VCR< Tt was cnmhined with :



digital processor, which compresses and expands
HDTYV signals.

The features are as follows;

(1) The image band-width is compressed to
1/4.3 by adoption of an inside field DCT
(Discrete Cosine Transform).

(2) The whole system is compact, including
auxiliary apparatus such as the digital
processor, and A/D and D/A converters.

(3) Recording duration is increased to 2
hours for a cassette, twice the maximum
of 1 hour in the case of 1 inch VTR. This
makes long recording and playback
possible. In addition, the tape itself is
inexpensive, compact and easy to handle,
because it is in a cassette.

(4) Recording, playback and editing are
possible for either of the field
frequencies, 59.9Hz and 60Hz.

(5) Power consumption is decreased.

4. MCR SYSTEM AND MATERIAL
EXCHANGE

1. MCR system

An MCR was constructed in the IBC with a
space of 210m2. This was used unilaterally for
HDTYV operation.

Live relay programs from each venue and
those on recorded tapes brought from the venues
were edited at the MCR, and transmitted from
there. Program material for exchange with ZDF
was also recorded, played back and edited there.

Live broadcasting was carried out 7 hours
daily, from 18:00 to 01:00 Atlanta time.

(1) The MCR system was composed with a
routing switcher for both video and audio signals
as a main element.

The mixing control table for transmission is
composed of 7 inputs video switcher and 24
channels audio mixer.

An robot camera was installed on top of a 40
meter tower located beside the IBC building.
This was used as a camera for picking up scenic
shots.

8 HD-D5 VCRs were used for all recording
and playback uses.

The broadcast signals picked up by the NHK-
uni OB-van, which was sent to swimming and
athletic venues, had to be mixed at the IBC with
the international signals produced by ZDF,
because there was no system converter at the
venues. Since they had to be sent back to the
venues, a time delay of about 100 msec was
caused by the conversion. This had to be taken
into consideration during the mixing operation.

(2) Transmission equipment

The IBC was connected to each venue for
swimming, track and field athletics and
gymnastics by 2 circuits of optical fiber cables.
A full band-width optical transmission device
of 1.5Gbps was used as a major line, and a
140Mbps band suppressed bandwidth optical
transmission device as a spare.

For transmission to Japan, an under-sea
optical fiber cable was used. A 45Mbps band
suppressed optical transmission device, newly
ceveloped by KDD, was sele cted.

A CODEC was also developed by KDD. As
mentioned above, the audio signal was
composed to include 4 channels; 2 channels of
program audio and two of IS (International
Sound) signals. These were effective for
improving the efficiency of editing of the
highlighted programs.

A 45Mbps CODEC was also used at the live
relay of the marathon for transmission from the
middle point. The signal was transmitted to the
Olympic stadium, which was the starting and
finishing point.

(3) Editing apparatus

3 sets of editing apparatus were installed.

The first set included 2 VCRs for playback
and 1 for recording. It controlled a switcher and
a 12 channels mixer using the editing controller.

The second set was provided with 2 UNIHIs
and 1 VCR for playback, and another VCR was
used for recording. It controlled a switcher and
a 12 channels mixer using the editing «
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and was used to edit materials from the ENG
Crews.

The remaining set was composed of 1
playback UNIHI and 1 recording VCR, with a
editing controller and a 12 channels mixer.

2. The exchange of program material with ZDF

Program material exchange was carried out
via lines connecting the MCRs of both
organizations in the IBC. System conversion
was conducted at the receiving side.

NHK received R, G, B and Sync signals from
ZDF, while NHK converted output signals from
the routing switchers (Y, Pb, Pr and Sync) into
R, G, B and Sync signals for sending to ZDF.
They were transmitted by two channels; one as
the main and the other as the spare.

Switching of the main and spare channels
was mutually possible from the receiving side.
For this purpose, each delivered a remote control
unit for the routing switcher to the other party.

ZDF had one system convertor for HDTV,
which was used for "PAL plus" conversion. The
transmission from NHK was the therefore
controlled for play back with an adequate time
difference to correspond to the signals of ZDF.

Signals of the Eureka system from ZDF were
converted to the 1125 system by three system
convertors, after passing through an input 10:10
matrix switcher. Then, they were either
broadcast or recorded.

Audio signals were delivered as IS stereo
signals both ways.

5. NHK CREWS' ALLOTMENT

Events allotted to NHK by the arrangement
with ZDF were separated into three groups, each
of which was allotted to three crews for program
production.

OB-vans allocated to each group were
supplied with power at each venue. The power
supply system of the USA is a three phase three
wire system, with a voltage between each phase
of 208 volts.

1. Crew 1

Allocated events:

Opening and closing ceremony, swimming,
athletics and marathon

One of the new OB-vans sent from Japan was
used by this team.

4 cameras were used for the ceremonies, and
5 cameras for events. One was used exclusively
for interviews, the output of which was down-
converted to the NTSC system and used in
common by both systems. Five HD-D5 VCRs
type and one UNIHI VCR were usually carried
on board. HD-D5 VCRs were used for main-
line recording or slow-motion playback, while
the UNIHI unit was kept as a spare.

At the swimming and athletic events it was
impossible to install a system convertor at the
venue, and the exchange of materials had to be
carried out at the MCR. A tally output was sent
from the MCR to the OB-van via a telephone
line, to control the switching of images to be
sent back to cameras at the venue through the
same line.

2. Crew 2

Allocated events:

Gymnastics, soccer, synchronized swimming,
beach volleyball

Crew 2 used one of the same new OB-vans as
Crew 1. 6 cameras were used for gymnastics, 3
for beach volleyball, 4 for soccer and 5 for
svnchronized swimming, including one for
interview use.

At the gymnastics and soccer venues, we
were able to set the above numbers of cameras
in the best locations.

Five HD-D5 VCRs were also carried on
board. Two were used to record main line
images and the other three for special line image
recording or slow-motion playback. One UNIHI
was kept as a spare. At the men's gymnastics,
six events were carried on simultaneously, so the
recording on the special lines was extremely
busy.

At the gymnastic and synchronous swimming
venues, data such as the scores and times of
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athletes were sent on-line to an IBM computer at
ACOG (the Atlanta Committee for the Olympic
Games). The data were converted to images by
VFE (Visuals Font Engine) and superimposed
on the main image.

3. Crew3
Allocated events:
Judo, marathon and tennis

An OB-van of a US production company was
used. The technical staff consisted of local
members except for the TD (Technical
Director). A compact OB-van was also used for
the marathon at the middle point.

Five major cameras were used, including the
1 inch CCD cameras. Two new 2/3 inch
cameras were used at the middle point with the
compact OB-van. A 12 meter crane was use for
high shots.

Four HD-DS VCRs were brought from Japan
and installed on the compact OB-van. These
were used for recording main programs and also
special line images. They were used also for
slow-motion playback. All the apparatus
attached to this OB-van was composed by the R,
G, B system, so a system convertor between the
R, G,Band Y, Pb, Pr systems was necessary at
the input and output of the VCR processor.

Judo and tennis were basically recorded on
VCR tapes, but in some cases when they had to
be played back for transmission on the same day
it was necessary to bring the recorded tapes to
the MCR as soon as possible.

Judo was recorded from the preliminary
matches and highlight scenes were also picked
up and edited. Some were played back for insert
in the images of the final tournament. The HD-
D5 VCR had good response characteristics for
slow-motion playback, and improved the
convenience of the remote control of the VCR
and effective slow motion playback were
realized.

On the judo pictures, two kinds of data were
superimposed; namely the time display showing
remaining bout time and the display of the
decisive moment of victorv. The FIT T. video

and KEY signal showing these data were
delivered from the TOC (Technical Operation
Center) of the venue as NTSC signals, which
were then up-converted to HDTV signals in the
OB-van, and superimposed on the main picture
through a switcher. Usual off-line data such as
the names of players were superimposed by
VFE.

6. Closing Comments

Most of apparatus used at these Olympic
games were newly-manufactured or bought, and
there was not enough time to ascertain their
operational results by using them in Japan.

However, the broadcasting period of 17
days, from the opening to the closing ceremony,
was successful.

HDTYV pictures were produced and broadcast
as NHK's unilateral system but including
material from ZDF, as in the case of Barcelona.
Owing to recent technical developments,
mutual system conversion was easier this time,
and the mobility of the cameras was also
improved to the extent that they could be
handled as easily as those for the NTSC
system. Thus, production was remarkably
improved.

In order to match the scale and the duration
of Olympic events, for this was the biggest and
longest Olympics ever, technical trials were
pursued actively in order to improve the
expression of images in programs, and to also
enrich the content. Fierce and beautiful contests
between world-famous players were selected for
the production of high quality pictures with
excellent sound. We thus presented the most
impressive Olympics yet. We think that we
achieved a great success.

We hope that further technical developments
will be made to present ever more impressive
images and sound with strong appeal to the
increasing number of home viewers during the
Winter Olympics in a year from now at Nagano.



Learning from History:

A plan for ATV
Brad Dick
Broadcast Engineering magazine
Overland Park, KS

Abstract

As station engineers contemplate the future,
one aspect that's worth recalling is that new
technologies are seldom embraced by the
public as soon as proponents claim. Therein
lies the two-fold purpose of this paper. First to
briefly examine the history of broadcast color
television and second, to consider how that
history may provide an accurate model for how
broadcasters can expect ATV to be adopted by
the American public.

Some history

Even a novice in the history of broadcast
television can recall some of the major historical
points. There were two different types of
proposed color transmission systems. One was
the spinning wheel, developed by CBS and
initially approved by the FCC. There also was
the NTSC, also called the RCA system, which
later became the nation's accepted standard.
Getting to the system we now refer to as NTSC
is replete with many years of hard fought battles
between two giants among men: Peter
Goldmark of CBS and David Samoff of RCA.

Peter Goldmark of CBS actually began the
design process for color TV broadcasting while
he was on his honeymoon in Montreal in 1940.
While watching the movie Gone with the wind,
he realized the tremendous potential in being
able to transmit color images over television.
This became his all consuming goal.

Goldmark soon convinced CBS management to
devote resources to making it a reality.
Goldmark's staff developed the ill-fated hybrid
electro-mechanical, three-filter spinning wheel.
With a synchronized wheel at both the camera
and receiver, color transmission became
possible. However, it required lots of bandwidth
and was only useable on UHF channels.

Unfortunately for Goldmark, David Sarnoff and
RCA had a different scheme in mind. First of
all, RCA made black and white TV sets and
Samoff wasn't about to let a burgeoning
industry be torpedoed before it could blossom.
In early 1946 Sarnoff began waging a public
war against CBS, calling Goldmark's invention
incompatible with the day's TV sets, which it
was. (Recognize any parallels between ATV
and today's NTSC here?)

Recognizing the soft spot in his invention,
Goldmark then developed what was really a
converter box, which would allow a B/'W TV
set to receive a monochrome image from a
cclor transmisston.

In March, 1947, the FCC declared that the CBS
color system was premature and needed further
testing. The commission reaffirmed its
monochrome standards and RCA continued to
flood the market with receivers.

Although RCA continued to work on color TV
technology, the company's future, as far as
Samnoff could see, was in the manufacture and
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sale of B/W TV sets--not in the marketing of a
technology that would obsolete all those new
sets he was making. The B/W TV set market
was still young and profitable. From his
perspective, he wasn't yet ready to kill his
golden goose. Besides, the FCC hadn't yet
approved the CBS color wheel transmission
system.

Unexpected by Sarnoff, the FCC reversed itself
in 1950 and approved the CBS color TV system
for marketing. Sarnoff was livid, telling his staff
to make more B/W TV sets. "Every set we get
out there makes it that much tougher on CBS,"
he said. Keep in mind that as of this point, the
CBS system was incompatible with B/W
transmussions. Although CBS was authorized to
begin color broadcasting, there were no sets on
the market. CBS had no manufacturing
capability and the rest of the set-making
industry, was quite happy to remain in the B/W
world and was unwilling to support the new
technology.

The first public CBS color transmission was of
the Ed Sullivan show on June 25, 1951.
Unfortunately, the broadcast was largely
invisible. Out of the some 12 million TV sets in
use, perhaps only a few dozen could receive the
color program.

But, the set industry was healthy and two years
later, by 1953, the number of sets had almost
doubled to 23 million. Behing-the-scene wars
continued and on December 17th of that year,
the FCC reversed itself and approved the NTSC
color system for broadcast. RCA immediately
claimed victory for "its" color system. While
known official as the NTSC color system, that
didn't prevent RCA from claiming total victory
over CBS. Despite Sarnoff's claim of victory,
what he didn't realize was that the war wasn't
over.

Sarnoff didn't realize that his competition,
General Electric, Westinghouse and Philco

didn't want to sell color TV sets. They were still
quite happy with the profits they were making
on B/W sets. A new technology like color
would only anger customers and increase their
manufacturing costs.

The early RCA color sets cost $1000, about
one-quarter the average person's salary. A B/W
set cost one-third that amount. By the end of
1954, RCA had sold only 5,000 color sets, not
the 75,000 Sarnoff had predicted. And, his own
service company was receiving twice as many
service calls from these few sets as from the
millions of B/W sets in the field. Even the press
was against Sarnoff's plan, calling color
television "the most resounding industrial flop
of 1956".

By 1959 RCA had spent more than $130million
on color TV development and marketing
without realizing one dollar of profit.

Almeost 40 years later

Having looked at the less than light speed
success that color TV enjoyed, is there
something to be learned with regard to the
public's possible embracement of HDTV set?
Several points need to be emphasized.

First, TV set makers have a history (as would
any company) of not introducing a new
technology if it might cannibalize their current
product line--and reduce profits.

Second, the set industry only came around to
build color TV sets when their B/W products
matured and they needed new products to
continue sales growth.

Third, color sets did not become popular until
there was programming to support it.

Finally, as set makers found in the late 1950's,
the public is often satisfied with the current
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smartest things Sarnoff did to help
blic to buy his new color TV sets was
e rights to the Walt Disney program
aunch it as "Walt Disney's Wonderful
.1d of Color". It was the programming that
caught viewer's attention--not the technology.

Will history be repeated?

The broadcast industry now finds itself in a
situation not unlike that with color. And, like
Samoff, its the set makers that want to sell
more products. Keep in mind this extremely
important point: the dynamics are only slightly
different from 40 years ago. Then, set
manufacturers had new products to sell and
didn't want to cannibalize the profits from B/W
TV sets with a more expensive, unproved
technology called color TV. The problem for
today's set makers is that they have nothing new
to sell! That's the reason they are such vocal
proponents for HDTV technology.

This 1s well illustrated in Figure 1. The graph
shows that since 1987 the number of color sets
produced has remained relatively flat.
Household penetration of color-TV sets has
grown only slightly, from 93% to 98%. This is a
mature market. With average set life being
around seven or eight years, there is no growth
(or money) in making NTSC color TV sets. It's
this dilemma that was largely behind the onginal
drum beat to adopt HDTV, and it continues to
get louder by the minute. The set makers need a
new product and HDTV is it!

Three steps have to be completed before the
new sets can be unleashed upon the American
viewer. Two have been completed. First,
HDTYV technology had to be developed. That
has been done and the set makers are ready to
make TVs. Second, the FCC had to approve a
system. That was accomplished with the
agreement between the broadcast, computer
and consumer electronic industries. All the set
makers need now is for the FCC to approve a
channel allocation table and set a deadline for
ATV to be implemented and NTSC to go dark.

The broadcaster’s challenge

All this means that the challenge for TV stations
isn't whether to go HDTV, but when. Once the
FCC fires the starting gun, there can be no
looking back to the good 'ol days of NTSC
color. Instead, stations will be forced to buiid
the new ATV systems and maybe, just maybe,
do so in a very short time frame.

The FCC's original goal was to force stations to
make the transfer to HDTV operation over a 15
year period. The plan allowed three year
increments of applying for a license, beginning
construction, ending construction, beginning
simultaneous transmission and then separate
operation. The goal was to get every TV station
onto their HDTV assignment within this time
frame.

The problem with this scenario is that even 15
years is a short period for most stations. And, as
we'll see, consumers have a history of slowly
adopting new TV technology. Even the color
images from Sarnoff’s new TVs, did not spur
the American viewer to quickly adopt the
technology. In fact, it was more than 18 years
before there was a color TV in even half of the
American homes! This important point is
reinforced in Figure 2.
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Here are some important points to keep in mind
when a set manufacturer tells you viewers will
quickly embrace new HDTV technology.

*It took eight years for even one percent of the
homes to have color TV. Even after 10 years
had lapsed, penetration had barely reached 3%.

*If the adoption rate of HDTV parallels that of
color, by the time TV stations are required to
turn off their NTSC transmitters, only one-third
of their audiences will even have HDTV sets.
This would mean that at the 15 year turn off
point, 66% of the American public would be
without TV service and stations without
viewers.

*Even if we apply a generous multiplier (even a
factor of 10) to the early adoption rates, there is
little evidence that after a station's first 10 years
of operation that a significant portion of the
audience will have adopted ATV technology.
And, during this time, stations will have been
suffering under the load of operating dual
transmitters. In this theoretical model, even
after a TV station has operated an HDTV
system for 10 years, 70% of its viewers will still
not have HDTV receivers. They will still be
depending on those NTSC transmitters for their
entertainment.

*Today a high quality NTSC set, complete with
picture within a picture, remote control and
stereo audio can all be had for around $500.
Yet the consumer electronic industry, lead by
the set makers, are claiming that consumers will
flock to the stores to plunk down $3000 to
$5000 to buy these new HDTYV sets. These
same set makers have refused to release any
studies, which would back up their claims that
viewers are clamoring for these expensive sets.

In a recent magazine article, a spokesman for
Thomson Consumer Electronics said,
"Consumers very definitely can see the

difference (between HDTV

portion of them indicated the
premium for it." Thomson belir

will be willing to pay from $1,00 7,
extra for an HDTV set. Keep in 1?
brings the set cost to about $2,000x
what can be had today for a mere $5\

The price of admission

Stations are between a rock and a hard plac.
Without a doubt, the final pages of ATV ruley
and regulations will be approved this year and
stations will have to begin the building process.
Once the table of allocations is approved and
the time table set, stations have two choices: 1)
begin implementing HDTV, or 2) elect to go
out of business.

However, the goal of this paper is not to paint
the picture of an impossible situation because it
isn't. Rather, it is to make the reader aware of
the implications of industry and commission
decisions. Also, knowing how, historically, the
American public has adopted new TV
technology, this paper can offer encouragement
in that stations need not panic and spend money
unwisely--or too soon. The key is to plan.

Develop an action plan

Pay attention to what's happening. Anytime
there is the chance to protect your station
through publicity and delaying tactics, do it.
Contact your congressional representative. If
the 8, 10 or 15-year time frames are lengthened
to 20 years, every broadcaster benefits.

Plan carefully. Write an action plan, complete
with time frames for equipment purchases,
license application and construction tasks. What
do you really have to buy and when do you
need to buy it? You don't need an HDTV
switcher or tape recorder now, but you will
soon need to build an ATV-compatible



transmutter site. Here are some simple and
inexpensive steps you can take now.

Step 1) Towers and antennas. Develop a good
relationship with a tower company. Have a
structural analysis on your tower done now.

If you can strengthen your tower sufficiently so
it can accommodate an ATV antenna, do it as
soon as fiscally possible. Don't wait. This is an
area where quantities will not force a drop in
prices. In fact, as the tower companies get
busier, the costs may actually go up and
delivery and service times will lengthen.

And, there's the chance that less qualified
companies may surface. You don't want to risk
your entire investment and business plan on a
tower that wasn't properly reconfigured to
support an ATV antenna. Besides, if you need a
new tower or tower site, it may take two years
or more to obtain site clearance and have the
tower delivered. There is a very real cost in
waiting.

All of the above applies to ATV antennas.
Because of the mechanical interface between a
tower and antenna, it's best to consider the
antenna as an integral part of the tower rather
than of the transmitter.

Step 2) Transmitters. Your 1997 NAB
shopping list should include transmitter
technology. You probably don't want to buy
one now (although you could) but you need to
be familiar with all the transmitter companies,
their products and their reputations. Remember,
there are only two HDTV transmitters on the
air today so any company's reputation must
largely be based on how they've serviced their
NTSC customers.

Once you have developed a time line for your
station’s conversion, determine when you'll need
the transmitter. Consider placing an order for it

now. This process guarantees you a place in the
manufacturing process and yet will not tie up
lots of capital.

Remember that today it's still a buyer's market.
Transmitter manufacturers want to be able to
announce sales, which represents market share.
Today you may have some room to negotiate
price and other issues. Once everyone panics
and the number of orders exceeds the number of
transmitters that can be produced in a given
time frame, the rules may change. The laws of
supply and demand have yet to be overturned in
any market. Consider that if there is currently an
on-going demand for 100 transmitters a year
and that demand suddenly explodes to 500
because of ATV, last on that list is not where
vou want to be.

Step 3) Studio equipment. Plan for initial
HDTYV pass-through capability. Don't worry
about originating HDTV from day one. The
networks will supply the HDTV programming,
Just be sure you can get it on the air. The
needed backbone equipment for such routing is
available today on the NAB show floor.

Step 4) When considering major equipment
purchases, keep two things in mind: digital and
multichannel.

Because ATV signals will be digital, now’s the
time to begin building as much digital capability
in key areas as possible. Whenever possible,
purchase digital backbone equipment. Be sure
it's upgradeable to the higher data rates needed
for HDTV. With cameras, check out the
switchable 4x3 and 16x9 lenses and image
blocks. Thay way, you’ll be able to make 16x9
images for your local production.

Also, build for multichannel operation. The TV
stations of tomorrow will not broadcast just one
channel. Multichannel operation will be
required. However, consider that those channels
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may not just be more channels of Gilligan's
Island or reruns of Bay Watch.

There will be many new opportunities for what
I've called "invisible" broadcasting. Transmitting
data (not video data) may become a lucrative
business. Be sure you don't preclude any
opportunities for revenue streams with your
equipment purchases. Remember, you don't
have to buy everything now. Try to not panic.
Remember ATV can be a financial opportunity!

Becoming successful with ATV

The old joke about the light at the end of the
tunnel being a train is true. It really is a train.
The HDTV, ATV or DTV train, whatever you
want to call it, is on its way. Whether you get
on board or get run over is your choice.

The successful stations will be those who make
the transition to ATV in carefully planned and
cost effective manner. This requires developing
a transition plan now and investment later.
Don't reverse this process.

Biliography:
Amencan Hentage of Invention & Technology,
Winter, 1997. “The Color War”.

Wired, February, 1997. “The Great HDTV
Swindle.
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PROGRESS TOWARDS THE DEVELOPMENT OF DIGITAL MODULATION
IN THE LONGWAVE, MEDIUMWAVE AND SHORTWAVE BANDS

Mr. Daniel Bochent
TéléDiffusion de France
Paris, France

Dr. H. Donald Messer

International Bureau of Broadcasting
United States Information Agency
Washington, D.C., U.S.A.

1.0 INTERNATIONAL BROADCASTING
AND DIGITAL AM

Mr. Daniel Bochent

International broadcasting in HF is an old and
mature technology, having been born before and
during World War II; in the past ten years many
stations and broadcasters celebrated their 50" or
60 anniversaries. Historically, much of the
motivation for international HF broadcasting
originated from the strong need of nations to
reach distant audiences of expatriates and foreign
listeners with “messages” and foreign diplomacy
information.

HF transmissions started with 10, 20, or 50 kW
HF power transmitters. Decade after decade, the
power of HF units has increased up to 500 kW or
even 1000 kW. Considerable progress has been
made in transmitter power and efficiency, in
audio frequency processing, and in transmitting
antenna design. But one aspect of HF
broadcasting remains unchanged: in 1997 as in
1937 HF broadcasting transmitters are operated
in double side-band AM (amplitude modulation)
mode.

Today it is often commented that, at least in some
parts of the world there is a trend towards a

Mr. Patrick Bureau

Mr. Pierre Laurent (TCC)
Thomcast

Conflans Ste. Honorine, France

Prof. Dr. Dietmar Rudolph

Zentrum fiir Rundfunk und Audiovision
Deutsche Telekom AG

Berlin, Germany

declining use of international HF broadcasting
and national AM broadcasting as well. Some of
the reasons cited for this are:

. Increased free flow of information in an
increasing number of countries as a
consequence of the world political
situation observed since 1989;

L Request from listeners for radio services
which provide an improved reception
quality, with consequent increasing
competition from media which deliver
higher quality signals, such as satellite
TV/radio service, Terrestrial Digital
Audio Broadcasting (T-DAB), local FM
transmitters or relays, cable networks,
and the Internet;

u High investment and operation costs for
high power HF and MW stations;
u Announcements of imminent launchings

of satellites for world direct radio
broadcasting, with low-cost individual
domestic and portable receivers;

u Increased budget requirements for
national and international TV
programming competing for budgets
formerly dedicated to AM broadcasting;

L General cuts in budgets.
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Even AM broadcasting in the LW and MW bands
for national and international purposes is
suffering from the same constraints, namely high
cost of operation, poor audio quality and
competition with FM, DAB and satellites.

Despite the trend towards the disuse of the
international SW broadcasting bands, they have
some qualities which are extremely valuable for
national and international operators. The most
important of these are that extremely effective
and economical coverage of large areas of the
world can be accomplished in these bands, along
with the fact that SW transmissions to interested
listeners are very difficult for third parties to limit
and control.

The virtues of the AM band performance are so
substantial that, if they could be freed from the
negative qualities of the analog amplitude
modulation process, the trend towards the disuse
of the AM bands would be dramatically reversed,
and their use lifetime extended for many decades.

The minimum improvements required to do this
are:

®  Substantial improvement in the overall
reliability and audio quality of signal
delivery in the AM bands;

®  Significant reduction of the power
requirements for AM band broadcasting;

®  Reduction of band congestion through
reduction of numbers of the simultaneous
transmissions required to attain an
acceptable overall transmission reliability;

®  Provision of additional services and data
transmission.

International Consortium for Digital AM

The apparent benefits to be accrued by the
application of currently available digital
techniques to broadcasting in the AM bands are
so great that many organizations associated with

national and international broadcasting are
banding together to promote it. A meeting for
this purpose was held in Paris on November 27,
1996, hosted by Radio France Internationale and
Télédiffusion de France. It was attended by
representatives of many broadcasters (BBC,
DW, Deutsche Telekom, RAI, RFI, TDF, RCI,
RNW, Nozema, VOA), transmitter
manufacturers  (Continental  Electronics,
Telefunken, Thomcast, Kokusai Electric),
receiver manufacturers (Sangean, Sony), chip
manufacturers (Motorola), and Universities
(University of Kentucky).

At this meeting the organization of an
international consortium, to be called Digital
Radio Mondiale, was initiated. The purpose of
this new group is to provide an activity
framework which will serve to accelerate the
formulation of a tested non-proprietary design to
be advocated as a single world for digital AM.
The primary activities of Digital Radio
Mondiale are:

® To call a worldwide conference on digital
techniques in LW, MW, and SW
broadcasting;

® To create an international joint panel of
broadcasting experts which would ultimately
formulate an AM digital system design to be
proposed as a single world AM digital
system.

The purpose of the Worldwide Conference, to be
held in late 1997 or early 1998, is to focus
attention on Digital AM broadcasting and
maintain momentum towards its worldwide
implementation. Its main thrust will be:

® To report on current progress in the many
ingoing programs for the development of
digital AM; and

® To develop and demonstrate the vision of
the application of digital technology in the
LW, MW, and SW bands as an important
and lasting tool in national and international
broadcasting.



In addition, Digital Radio Mondiale will use the
occasion of the worldwide conference to
formally launch the activities of a joint panel of
broadcasting experts which would coordinate
activities related to the formulation of a AM
system design. The principal activities of this
panel would be as follows.

® Oversee the testing of digital AM
technologies under development in Europe,
the U.S., and elsewhere;

®  Formulate the short, medium, and long-term
functional requirements for digital AM
broadcasting and services;

® Formulate a joint specification for a tested
single non-proprietary design for digital AM
broadcasting, taking into  account
performance, receiver cost, and
broadcasters’ requirements.

At the Digital Radio Mondiale formation
meeting, it was agreed that:

® Cooperation with the International
Broadcasting Unions and the ITU should be
sought;

® Information on the scope of the conference
should be spread all over the world;

® There is a great need to convince the
greatest possible number of broadcasters to
switch to “digital” when a world standard
becomes available.

At this meeting, a series of workgroups were
formed to make recommendations with respect
to the organization of the world conference on
digital AM, to draft the functional requirements
for national and international AM digital
broadcasting; and to recommend a framework
for the scope of operation and function of the
joint panel of broadcasting experts for digital
AM. These groups will report their conclusions
and recommendations at the next meeting of the
main consortium group which will be held just
prior to the NAB Broadcast Engineering

Conference in Las Vegas, Nevada, U.S.A., in
April 1997.

Those interested in further information or
contact with Digital Radio Mondiale should
contact M. Arnaud Littardi, Chief of External
Relations, Radio France Internationale. He can
be reached at +33 1 44 30 89 20 (fax) or
amaud littardi@rfi.fr (E-Mail).

Digital AM Systems Under
Development

Presently

At this time there are at least three systems
under development which have characteristics
compatible with those which would be required
of a standard for digital system for transmissions
in the world AM bands. Those presented in this
paper are: the Skywave 2000 system of
Thomcast; the Voice of America/Jet Propulsion
Laboratory system; and the Deutsche Telekom
Zentrum fiir Rundfunk und Audiovision system.
Each of these is in an advanced state of
development, as described below.

2.0 SKYWAVE 2000 - THE THOMCAST
PROPOSAL FOR A DIGITAL
BROADCASTING SYSTEM IN THE AM
BANDS

Mr. Patrick Bureau
Mr. Pierre Laurent (TCC)

2.1 Overall system description
General overview

Skywave 2000 is the result of an optimisation
between possible data rates, bandwidth, channel
coding, complexity, quality and flexibility.

Skywave 2000 provides a single solution for all
AM frequency bands (LW, MW, SW) which
will bring benefits to the listener and to the radio
broadcaster in terms of simplicity of receivers,
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economies of scale, and a wider introduction of
the new digital transmission mode. It is the result
of a global system approach considering both
existing receiver and transmitter techniques and
easily implemented at low cost with the
technology available today.

In addition, Skywave 2000 approaches the
problem of the transition period between the
introduction of digital AM Radio broadcasting
today and the future fully digital multimedia
service by offering a progressive, compatible
(digital and analog) signal which can be received
by both today’s conventional consumer receivers
and by future low cost digital receivers.

Skywave 2000 is based upon a parallel modem
which has been proven to be an efficient, reliable
and flexible technical solution.

Its incremental architecture allows easy and
transparent adaptation to bandwidth, bit rate and
level of protection which are required in all
present and future implementations, without any
change on the receiver side.

The transmitted signal consists of :

®  one kernel group of carriers of 3 kHz total
bandwidth containing all the signals which
are necessary for frequency synchronization,
time synchronization, remote control of the
receiver, and transmission of a basic bit
stream of 8 kb/s with 64 QAM in normal
mode and 6 kb/s with 16 QAM in fall back
mode.

®  a number of additional groups of carriers,
each of 1.5 kHz bandwidth, conveying a
nominal bitstream of 4 kb/s of audio together
with a little more than 200 b/s of data ; the
number of additional blocks depends upon
the total available bandwidth.

This allows signal bandwidths of 3 kHz, 4.5
kHz, 9 kHz. with bit rates of 8 kb/s, 12 kb/s,
24 kb/s ...(64 QAM)

Signal formatting

The basic frame length is 18 ms, corresponding
to a useful symbol duration of 15 ms with a
guard interval of 3 ms.

The sub-carriers are at multiples of 66.666 Hz
(1/15 ms). This spacing has been chosen taking
into account the maximum propagation delay
spread.

The frames are grouped into bursts of 16 frames
(288 ms) labeled 0...15.

In the kernel group of sub-carriers (47 sub-
carriers), three are transmitted unmodulated :
they are frequency references for fast acquisition
and doppler tracking.

In the kernel group, all the carriers of frame 0
are unmodulated, and have relative phases
ensuring a very low peak factor : this is the time
synchronization waveform.

In every group (kernel group, and additional
groups of 22 carriers), frames 0, 4, 8 and 12
contain gain references (unmodulated symbols)
on even sub-carriers (frames 0 and 8) or odd
sub-carriers (frames 4 and 12). This represents
an average of 1 reference symbol for each group
of 8 symbols.

In each frame, carriers which are neither
frequency references, nor time synchronization
nor gain references are symbols conveying audio
or data. These symbols are modulated using
TCM with 64 QAM at 4 bits/symbol (nominal),
16 QAM at 3 bits/symbol (fall back bit rate) or
256 QAM at 6 bits/symbol (maximum bit rate).

In order to improve the channel estimation, and
taking into account their low proportion (1/8)
reference signals are transmitted at a
substantially higher level than free symbols,
typically 3 to 6 dB.
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Audio source coding

The audio source coder for this type of
application is mainly defined by the available bit
rate which is inherently variable according to
the available bandwidth and to the degree of
protection.

A minimum of 6 kb/s (reduced bandwidth, SSB-
like speech only) to a maximum of 48 kb/s
(stereo music) can be considered like the proper
limits of an efficient and convenient system.

Consequently, the chosen coder will be the one
which provides the best perceptual quality in
real transmission conditions, i.e. taking into
account the effect of transmission errors. It will
have to be slightly modified - and its useful bit
rate reduced - to add protection bits to critical
parameters (gains...) in order to ensure graceful
degradation of the quality in bad transmission
conditions.
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Other data

A highly protected low bit rate data stream is
devoted to the remote control of the receiver
(internal service data). It conveys the
transmission parameters : modulation format
(16 QAM, 64 QAM, ..), interleaving depth,
total bandwidth, ...

A second bit stream, proportional to the total
occupied bandwidth, transmits data directly
related to the actual transmission : textual
informations, next frequency to use, service
data, etc...

Finally, in some circumstances, a portion or the
totality of the bit stream conveying audio data
can be temporarily replaced by bursts of other
data (fixed images...) : the audio coder bit rate
has to be locally reduced in this case, ideally
without loss of quality (this can be done during
silences, for example).

Compatibility with existing receivers
(Simulcast)

In the transition phase, compatibility with
existing standard AM receivers can be achieved
by simultaneous transmission of :

® a half bit rate version of the digital audio
system

®  acompatible SSB transmission of the analog
signal, with residual carrier and possibly
vestigial side-band to improve quality in the
presence of fading and to increase adjacent
channel protection.

The digital signal has to be on the high
frequency side of the audio signal, since
standard receivers attenuate strongly high
frequencies : the digital part of the transmission
is then heard as a weak high frequency
unstructured noise.
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Skywave 2000 Simulcast Mode

In addition, if correctly filtered and amplified at
the transmitter side, the analog part of the signal
has no effect on the digital part.

Integrated solution

The Skywave 2000 program is conducted with
a global system approach from digital source
and channel coder at the transmitting side up to
digital demodulator/decoder at the receiving
side.

The final objective is to develop a component
which can be inserted both in the existing radio
sets and into the new digital ones.

Features of this component will provide the
usual functions of AM receivers and will
integrate the new digital demodulator/decoder.

Beyond the sound quality improvements, the
digital capabilities integrated into the component
will allow new services within the receiver. The
component will be very low cost and very low
power consumption (less than ten milliwatts)
and should preferably be able to work with 1.5
V batteries. The component will integrate a 100
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fully compatible with existing equipment

D to be adapted or developed

Skywave 2000 Ensures Maximum Compatibility with Existing Equipment

MOPS DSP core (Digital Signal Processor), a
microcontroller core, several analog converters
and a set of on-chip peripheral modules.

2.2 - Thomecast’s Skywave 2000 demonstrator

Throughout 1996 and the beginning of 1997
different demonstrations have been performed
showing Skywave 2000 capabilities and
experiments progress in order to demonstrate the
short term feasibility and to inform a large
public about the promising possibilities of
digital AM.

From the 3™ Radio Symposium Montreux in
June 96 to NAB Las Vegas in April 97,
Skywave 2000, the Thomcast Digital AM
system has demonstrated fast progress (see next
chapter Tests Results and Progress).

The demonstrator, as shown in the following
block diagram, consists mainly of:

® the real time digital processing systems
for coder, decoder and modem (already
described), implemented on standard DSP
PC boards,

B an HF channel simulator:

The HF channel simulator is implemented
on a standard DSP board with 2 analog
inputs and outputs.

The input signal is complex represented in
the I/Q form. The I and Q signals can be
between -3 and +3 V with an impedance of
at least 1kOhm.

The output signal is similar to the input, and
can directly drive the transmitter.

The input/output sampling frequency is 32
kHz. ie. 2 times the actual effective
sampling and computing rate (16 kHz.).
Note that it is necessary to insert external
analog low-pass filters on the I and Q output
signals in order to avoid artefacts due to
sampling.

The input and output gains can be
individually adjusted.

The internal output filter is a Tchebyshev
type 2 filter of 6® order, the bandwidth of
which can be continuously adjusted between
3 kHz. And 12 kHz.
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Skywave 2000 Demonstrator Block Diagram

The average signal to noise ratio is
continuously adjustable, as well as
frequency offset.

The propagation model is an augmented
Watterson model with a maximum of 3
different paths.

Each path has a deterministic (fixed
amplitude) component and a fluctuating
(random, Rayleigh) component so that its
amplitude has a Rice distribution law. The
average power of the two components is
adjustable. The frequency offset of the
deterministic component is variable. The
Doppler spread of the random component
can also be modified.

The maximum delay of each path is 8§ ms,
except for the first one which has a delay of
0 ms (not including processing time).

In addition, one can add up to 3 narrow band
Jammers, with variable level and frequency.

The simulator has an integrated help file. It
can be locked/unlocked (password required).

The user interface is based upon menus and
dialog boxes.

The user can store on disk and retrieve from
disk up to 20 custom configurations.

A combined analog / digital low power
exciter operating in the SW frequency band,

A standard short wave consumer receiver
dedicated to receive the analog programme,

A modified short wave consumer receiver
dedicated to receive the digital programme.
The modification consists mainly in an
implementation of an IF2 output with a wider
IF2 filter connected to the digital decoder.

The demonstrator developed by Thomcast for
experimentation and demonstration allows real
AM broadcasting operating conditions and offers
a maximum of flexibility as concerns
transmission channel characteristics (already
described) and transmission modes.



Skywave 2000 ir. Demonstration During IBC - 96

Among the large choice of transmission modes:

® standard AM DSB,

SSB: USB or LSB,

®  simulcast (Analog compatible AM + Digital)
with two versions:
* analog programme within USB or SB
» full digital.

Different configurations are available for
simulcast and full digital modes. From a nominal
9 kHz RF bandwidth fully compatible with ITU
channel allotment and spacing to an extended 12
kHZ RF bandwidth compatible with the audio
bandwidth of modern existing transmitters (PDM
or PSM).

The extended RF bandwidth mode allows to
demonstrate, at the current stage of audio
compression techniques, the highest reachable
audio quality and the possibilities for additional

cata services that a digital system like Skywave
2000 can offer to AM broadcasting if channel
allotment and spacing is revised.

This extended mode leads to:

® a digital stereo audio at a usable bit rate of
32 kb/s and 10 kHz audio bandwidth in
normal mode and a usable 24 kb/s in fall
back mode,

® additional data services with a usable bit rate
of 1250 b/s.

2.3 - Skywave 2000 tests results and progress

In less than one year, the system developed by
Thomcast has demonstrated real and fast
improvement capability.

® A simulcast mode where an analog
programme was only accessible by a SW
receiver equipped with SSB mode in June
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Montreaux 6/96

IBC Amsterdam 9/96

NAB Las Vegas 4/97

Source Coding Existing Vocoder

Generic MPEG-2
Layer2

Modified MPEG -2

Simulcast

Standard SW Consumer
Receiver with SSB Mode

Analog Audio Program

Any Standard
SW Consumer Receiver

Any Standard
SW ConsumerReceiver

standard SW Consumer
Receiver with SSB Mode
+Digital Add-On
Voice 4800 b/s
2.7 kHz.Bandwidth
13 dB SIN

Digital Audio Pragram

Modified SW Consumer
Receiver with SSB Mode
+Digital Add-On
Audio 8 kb/s
4.5 kHz Banswidth
13 dB SN

Standard SW Consumer
Receiver with SSB Mode
+Digital Add-On
Audio 12(9)/16(12) kbis
4.5/6 jkHz Bandwidth
17(13) dB SIN

Full Digital
Audio Program

Modified SW Consumer
Receiverwith SSB Mode
+Digital Add-On
Audio 8 kb/s
9 kHz. Banswidth
13 dB SN

Modified SW Consumer
Receiver with SSB Mode
+Digital Add-On
Audio 24(12)7132(24)kbis
9/12kHz Bandwidth
17(13) dB SIN

AdditionalData
Services

44 b/s 9 dB SIN

200b/s 9 dB SIN

200 to 1250 b/s 13 dB SIN

Highly Protected
internal Service D ata

Allowing «/- 150 H2z
Relative OscillatorDriftand
9dB SIN

Allowing +/- 500 Hz.
Relative Oscillator Drift
and 6 dB S/N

Allowing +/- 500 H z.

Relative Oscillator Drift and

6 dB SN

Note: For very severed transmission conditions apply a supplement of 7 dB to the indicated S/N .

Skywave 2000 Demonstrator System Parameters

1996 and now where it is received by means
of any existing SW consumer receiver
without noticeable disturbance due to the
presence within the same HF channel of a
digital ~ programme  and/or  analog
programmes broadcast within the adjacent
channels,

®  An audio digital programme which started in
June 1996 with a 2.7 kHz bandwidth voice at
a 4800 b/s usable bit rate and now has a 10
kHz bandwidth stereo audio programme at a
32 kb/s usable bit rate,

B Additional data services limited to 44 b/s in
June 1996 and now with a 1250 b/s usable bit
rate.

The above described experiments have proven
the principal capabilities of Skywave 2000 as a
system for digital short-wave broadcasting. Since
the requirements of Short Wave in terms of
system robustness and propagation channel
characteristics can be regarded as more severe
than for Long Wave and Medium Wave
transmissions, Skywave 2000 will also be
perfectly suitable for those lower frequency

ranges.

The stage that will be reached by Skywave 2000
at NAB 97 Las Vegas features nearly the final
system and can be considered as a good basis to
experiments  with
comparison with current analog services as

start on-air

concerns:

®  Audio quality improvement,

valuable

®  Area coverage which will normally require
much less power for digital transmission to
cover the same area with better signal
quality,

®  Compatibility with the existing services

Skywave 2000 represents an interesting basis
for all AM frequency ranges. Nevertheless, there
are some areas which will have to be
investigated in more detail in the future, and
eventually also a number of improvements, to be
included in Skywave 2000.

The future tasks can be sub-divided into three
categories.



» Stepwise quality reduction in case of
propagation channel impairment
(graceful degradation),

* Automatic elimination of interference and

jamming signals,

* Improved data compression techniques

®  Investigations of high power AM
transmitters:

* Evaluation of the state of the art PDM/PSM

transmutters,

* Necessary modifications in modulators and

RF amplification chain,
* Investigations of linearity requirement as
function of modulation parameters.
®  Creation of a receiver standard with low
cost, low consumption objectives:
* Development of a suitable chip-set.

Today’s AM and SW broadcasters and the
public have a strong interest in conserving the
unique characteristics of their propagation
media well into the future It has been shown that
a technical solution for digital modulation
technology in today’s AM frequency bands
exists and can be easily implemented.

The Thomcast Skywave 2000 system offers a

progressive strategy for introducing digital

modulation:

® Inall AM Bands (LW, MW, SW),

®  Compatible format (Simulcast of digital
and analog programmes usable by old and
new receivers),

®  With maximum flexibility for evolution
from analog, to simulcast, to fully digital as
the receiver base evolves.

3.0 THE VOICE OF AMERICA/JET
PROPULSION LABORATORY SYSTEM

Dr. H. Donald Messer
3.1. Overall System Description

The Voice of America/Jet Propulsion Laboratory
(VOA/JPL) digital sound broadcasting system
was originally designed for transmission and
reception of satellite and complementary
terrestrial (gap filler) delivery at frequencies
from 1400 to 2400 MHz (L-band and S-band).
Audio quality up to and including CD quality
equivalence were available. (In ITU-R
terminology, this system is called Digital System
B.)

The design was based upon a contiguous narrow
band spectrum for a given broadcast program.
The bandwidth required, including that for all
the forward error correction and training
symbols for adaptive equalization mitigation of
terrestrially boosted (gap filler) complementary
terrestrial transmissions, was approximately 200
kHz for a CD quality signal. Proportionally less
was needed as a function of bit rate from the
source encoder. The original design went as low
as 32 kbps, roughly equivalent to a 25 kHz
bandwidth requirement. Phase shift keying
modulation (MPSK) was used exclusively, with
pulse shaping. The level of modulation tested
mostly was QPSK (M = 4).

The system has been tested, with very successful
results, via a NASA satellite (TDRS) that
happens to have a steerable 2 degree S-band
transponder/downlink antenna. These tests have
been conducted during the past few years by
VOA/JPL and independently by the Electronic
Industries Association in the U.S.

In 1995, based on the successful testing of this
design, we concluded that an adaptation of this
system for shortwave and mediumwave
broadcasting would be possible, and of great

37



38

advantage to international broadcasters such as
the VOA. Since May 1996 we have been
working on a project to provide the same type of
robust digital sound broadcasting terrestrially
via shortwave skywave propagation.

3.1.1 Important Design Factors

The following restrictions were placed for the
design of Digital System B (VOA/JPL system)
applied to shortwave use:

®  The bandwidth of the RF signal should be
contained within the 10 kHz associated
with the existing use of the HF
Broadcasting subbands that are contained
within the overall HF spectrum from 3 to
30 MHz.

®  The signal would be solely a digital one
using the full 10 kHz, that is, no
simultaneous broadcast on the same
channel assignment of amplitude
modulated and digitally modulated signals.

®  The highest inherent audio quality that can
be obtained within a 10 kHz bandwidth
should be transmitted.

B However, this quality level has to be
determined as part of an overall trade-off
among audio quality level, skywave
propagation realities that affect the level
of error correction, etc. required, and
carrier-to-noise protection ratios required to
receive the MPSK signal in an environment
where interference from other broadcasts,
particularly analog, will be present, both
co-channel and adjacent.

3.1.2 VOA/JPL
Characteristics

System Design

The VOA/JPL (Digital System B) design
characteristics for shortwave use are
summarized in this section. Work is in progress,

based first on initial propagation campaigns to
understand how skywave propagation affects 10
kHz bandwidth digital PSK signals, to determine
the specific values for some of these
characteristics. However, decisions are firm on
the overall selections, such as MPSK.

The VOA/JPL system consists of the following
components:

B  Coherent MPSK, with "M" to be
determined as a result of the next series of
field tests.

®  Forward error correction (FEC), using
Viterbi and Reed-Solomon techniques.

®  Time interleaving.

®  Adaptive equalization to mitigate against
multipath.

We have found that significant multipath is a
major characteristic of one, two and three hop
skywave circuits, and that our adaptive
equalization technique developed for the higher
satellite frequencies works well in eliminating it.

We have found that some level of time
interleaving will be useful because short burst
errors occur frequently, and can be eliminated
using this technique.

Finally, some level of FEC is probably needed,
but most likely not as great as we have found
was needed at the L-band and S-band
frequencies.

3.2 Transmitter Requirements

The VOA/JPL system's modulation relies on
phase shift keying (MPSK), with pulse shaping
to ensure that the power is nearly totally
contained within the 10 kHz channel
assignment.



This permits the use of existing shortwave
transmitters with little or no modification. Our
initia] tests used a typical VOA 250 kW HF
transmitter at our California relay station with
no modification.

Linearity for the digital PSK signal is important.
Some spectral spreading occurred prior to the
output from the transmitter at the amplifier class
of operation we were using. As we continue
with development, we may see a need to correct
for this, possibly by operating at a lower class of
amplification.

3.3 Receiver Requirements

The basic receiver requirements have been
summarized in Section 3.2.1.2. These include
decoding of MPSK, FEC decoding, time
interleaving unscrambling, and adaptive
equalization use of the associated transmitted
training symbols.

As with any conversion from an analog service
to a digital service, the receiver will need to
contain all the above-mentioned functions in the
requisite hardware/software design. A consumer

product that is capable of receiving both AM
and digital shortwave most likely can utilize
some common parts--antenna, front end,...

Obviously, one wants the 600,000,000 or so
existing shortwave receivers not to be
detrimentally affected by the introduction of
digital signals. Therefore, the digital circuitry,
modulation, filtering, etc., needs to be protective
of distorting any adjacent analog channel
assignments.

3.4 Present State of Development and Testing

A series of tests was conducted during the
second half of October 1996 to obtain essential
information on skywave HF propagation effects
on 10 kHz PSK digital signals. These were
preliminary to the actual design selection of
level of PSK eventually selected, amount of
forward error correction used, etc.

Daily for two weeks we broadcast from Delano,
California from an antenna horizontally slewed
to have an electronic boresight that reached over
Texas, the northeastern U.S. and on over the
Atlantic Ocean to the west of the west African

AMPLIFIER/ —I

TRANSMITYER
—f_ g

RODULAYOR J"‘W SINTHESIZER
DELANO

PROPAGATION

% Al AL m?'\
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i
e —

DAY RECORDER
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Figure 1. VOA/JPL Test Configuration, October 1996
Spain.

: Receive Site in Austin, Texas, Washington D.D. and Toledo,
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Figure 2. VOA/JPL October 1996 HF Broadcast
Experiment: BPSK Pulse Shaped Signal Used at
8kBPS

bulge. We recorded the results on an adapted HF
receiver as depicted in Figure 1. Reception in
Texas was "one hop", in Washington, D.C. "two
hop" and in Spain "three or four hop". The
Spanish recording site was chosen simply
because we were attending an ITU-R conference
in Toledo. It was well off electronic boresight,
with an expected C/N around 0 dB. Based on
VOACAP propagation predictions, we used
carrier frequencies at 15.2 MHZ and 5.9 MHZ,
depending on the time of the day.

The transmitted test sequence consisted each
day per carrier frequency of a 20 minute
sequence repeated 3 times. For comparison
purposes, the 20 minute sequence included both
analog and digital modulation. Briefly, the
sequence contained: analog music, a BPSK
pseudo noise 63 bit sequence, the same thing
with pulse shaping of the BPSK signal, and
BPSK digital audio.

The pseudo noise signals were the source of the
data for analysis. The object was to determine
bit error rate and multipath information from
these non-forward error corrected signals.

Figure 2 shows the power spectrum of the pulse
shaped BPSK we used. Note that there is
approximately a 30 dB reduction in power
spectral density outside of the 10 kHz channel.
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Figure 3. VOA/JPL Pseudo-Noise BPSK Test Signal:
Autocorrelation Plot of Unimpaired 63 bit Sequence
(Prior to transmission)
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Figure 4. VOA/JPL Pseudo-Noise Test Result
Example After Reception on October 21, 1996 in
Washington D.c. From Delano, Calif. At 15.2 MHz:
Correlation of Received signal with Transmitted

Signal.

Figures 3 and 4 illustrate the effects of skywave
propagation over long distances. They are both
correlation functions associated with the pseudo
noise (PN) 63 bit sequence. Figure 3 is the
measured autocorrelation function prior to
transmission. The peak on the left is the "no
delay" condition (tau = 0). The peak to the right
is associated with the time delay when the
function repeats itself. Figure 4 is the same
display of a correlation function between the
sent and received signals for "two hop" reception
received in Washington, D.C. on October 21,
1996. It clearly shows multipath--one dominant
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Figure 5. VOA/JPL Test Results: Cumulative Bit
Errors over a 3 Minute BPSK Sequence on a Path
from Delano, California to Washington D.C. at 15.2
MHz. (October 18, 1996).

and one intermediate level signal. In this case, the
lower level signal was received before the "main
signal", a condition very different from the usual
case for satellite delivery. The time separation
between the two signals is around 0.4
milliseconds. This separation interval is typical--
large fractions of a millisecond--and contrasts
with the several microsecond delays that appear
via satellite or for local FM reception. Another
common phenomenon encountered was "burst
errors” lasting fractions of a second. This is
illustrated in Figure 5, which is a typical time plot
of errors over the 3 minute period we devoted to
each PN BPSK portion of the 20 minute audio
sequence. Practically all the errors occurred in
two burst steps, a little to the right of the one and
a half minute mark on the abscissa. This causes
"scratches" in any digital audio. Its cause is
probably out of channel interference from other
broadcasts. Since the interval is so short, a
practical amount of time interleaving, less than a
second, will eliminate this effect.

In summary, based on the skywave propagation
campaign summarized above and with the
selection of MPSK coherent modulation, we
expect that:

®  We can support an information transfer rate
of 32 kbps or higher in a 10 kHz channel,
with higher orders of PSK modulation than
BPSK.

®  Power levels required will be less, perhaps
much less, than for AM for the same
geographic coverage.

® Practical error mitigation techniques
consisting of time interleaving and low
levels of error correction coding will
achieve robust, reliable quality audio
significantly higher than existing AM in HF
bands.

®  Adaptive equalization is a necessary and
effective method for mitigating the severe
multipath conditions that exist with
skywave HF propagation.

3.5 Projected Schedule of Development

The next phase of development, ending in
September 1997, will determine the specific best
levels of PSK modulation, and the amount of
time interleaving and forward error correction
needed to permit excellent reception of digital
audio at shortwave frequencies, at least for "one
and two hop" situations. The associated
distances go up to a few thousand miles. Most
likely, good reception for longer distances, at
least within the main beam of the transmit
antenna, is also possible with a good selection of
carrier frequency.

A key activity for these determinations will be
another round of test transmissions from a VOA
relay station. The impressed digital signals will
include the gamut of MPSK signals and error
mitigation levels that our laboratory analysis
indicates should be investigated. We will
probably test "M" up to 64, although we expect
that a lower level, such as 32, 16 or 8, will be
"optimum", all things considered.

During several months after September 1997, we
will develop a compact hardware/software
prototype embodying the techniques earlier
developed, and test it thoroughly.
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4.0 THE DTAG ZRA DIGITAL AM
SYSTEM

Prof. Dr. Dietmar Rudolph
4.1 Introduction

Modern AM transmitters of today are generally
compatible with digital modulation inputs. The
only modification required concerns the master
oscillator. Digital transmissions cannot be
received with ordinary AM receivers. Ordinary
AM band channel spacing is generally
compatible with the requirements of digital
transmissions. Because of this, transition from
analog to digital services in the AM bands can
be made on a channel-by-channel basis.
Generally there is little interference from and to
cochannels and adjacent channels for either the
analog or the digital case. A digital transmission
produces a white noise like audio signal when
received in a conventional AM receiver.

Deutsche Telekom now operates a low power
(400W)solid-state transmitter (adapted for PDM
modulation from its original analog AM
configuration) in south-east Berlin. Figure 1
shows the location of this transmittor in Berlin.
Also shown are the relative effective day and
night coverages of the digital transmissions, in
comparison with the day and night coverages of
a2.5kW analog AM transmitter (whose daytime
coverage is roughly equivalent to that of the
digital transmitter).

In Figure 1 coverage area of the digital
transmission is defined by that area having a bit
error rate (ber) of the demodulated signal of less
than 10°. This ber results in a stable audio
signal without disturbances, and which is
superior in all audio quality characteristics to
those of a class A analog MW broadcast signal.
In this figure is clearly demonstrated the
shrinking of the night coverages of the two
modulation types. As can be seen, the effective
night coverages of the digital transmissions are

considerably greater than those of the analog
transmission, despite the significant difference
in transmitter powers.

Daytime Night-time

AnalogAM (2,5 kW)
Digital AM 04 kW) meem = = -

Figure 1. Comparison of the Digital and Analog AM
Coverages of Berlin During the Day and the Night, for
Transmitters of the Same Daytime Performance.

4.2 Principles of Digital Transmission in the
AM Bands

Due to the narrow bandwiths (9 kHz.. or 10
kHz..) of the AM bands a high state modulation
is required for the transmission of the necessary
data rate. Assuming that 7200 Symbols per
second can be transmitted in a 9 kHz.. AM
channel, and that 36 kbit/sec have to be
transmitted, one concludes that a modulation of
32 states (5 bits per symbol) will be required.
With the necessary channel coding there will be
a usable data rate of e.g. 21 kbit/sec. Of this, 20
kbit/sec will be used for coded audio
transmission and 1 kbit/sec for ancillary data.
These are the parameters that are used with the



present experimental digital transmission system
of Deutsche Telekom.

4.3 Transmitter Requirements

Coverage areas of AM stations are large to very
large (at least in Region 1). Therefore
considerable RF power is required. Because in
ordinary analog AM transmissions information
is carried only by the sidebands, most power is
wasted. Digital transmissions do not require a
carrier and considerable power can be saved
over that of ordinary AM transmissions,
assuming equal coverage areas. Nevertheless
power for digital transmission in the AM bands
will be still high enough so that linear
amplification in the power stage of the
transmitter cannot be considered. Fortunately
modem semiconductor AM transmitters can be

of implementing this in modern transmitters is
to break the modulation signals down into
orthogonal I and Q signal components. From
these are derived their polar (magnitude and
phase) components. The amplitude signal is the
envelope of the complex I-Q signal and is
applied to the transmitter’s amplitude
modulation input. The phase signal is the
relative phase signal of the complex signal, and
is applied to the phase modulation input of the
transmitter’s RF master oscillator. This process
1s shown diagramatically in Figure 2.

In this way an AM transmitter is rapidly and
simply converted to provide digital modulation.
Since all the AF and RF sections of the
transmitter remain substantially unmodified the
broadcaster can easily revert back to AM analog
transmissions if necessary.

Digital Modulator

A M transmitter

POM

amplitude : .
modulator - =
ot

o envelope
o signal
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|
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reference
demodulator

Figure 2 Adding a Digital Modulator to an AM Transmitter provides a Transmitter for Digital

Modulation

used for digital transmissions, and they can
provide efficiencies of up to 85%.

In such transmitters the digital modulation
transmission symbol states must mutually differ
as much as possible because in transmission
they will be corrupted by noise, interferences,
selective fadings, and other cochannel and
adjacent channel transmissions. The usual way

4.4 Selection of a Digital Modulation

There are numerous kinds of digital modulation
from which the optimum must be chosen,
considering all the boundary conditions coming
from both the transmitter and receiver side.
What is the best compromise - single carrier or
multi carrier modulation? The following aspects
must be considered:
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Transmitter complexity

Receiver complexity

Transmission channel bandwidth
In-channel disturbances and interference
Robustness and speed of receiver
synchronization

Hand-over to alternate receiving frequencies

Transmitter Considerations

Analyzing the transmitter side single carrier
transmission appears to be favourable. The
following factors are considered.

The crestfactor of single carrier transmission
i1s much smaller than that of multi carrier
transmission. A big crest factor means that
the peak power capability of the transmitter is
large compared to its effective power. A
single carrier transmission has a crest factor
less than 100% that of AM, whereas multi
carrier transmission has a crest factor much
higher than 100% of AM. So for multi carrier
transmission the transmitter must be able to
provide a large peak power, which means
lower efficiency and increased nonlinearities
of the transmitter.

Single carrier transmission allows a
concentric symbol constellation, called
amplitude phase shift keying (APSK). With a
concentric constellation differences in the
delay times of the amplitude and phase signal
paths have less effect. For multi carrier
transmission this does not apply because
differences in delay times lead to loss of
orthogonality.

Because single carrier symbols are always of
the same shape, a reference demodulator near
the transmitter can detect differences between
the theoretically required shape and the actual
transmitted shape, arising, for example, from
mismatching of the antenna. A feedback
control then can easily equalize the symbol
shape. For multi carrier transmission this is
not possible.

f

Figure 3a. The APSK 32 I-Q-Plane Asterisk
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Experimental 32 APSK Modulation.

Receiver Considerations

In considering the constraints of the receiver
side, one again concludes that single carrier
digital modulation mode is superior to multi



carrier transmission. This is demonstrated by
the following analyses.

® On fading channels, single carrier modulation
requires an adaptive equalizer. On channels
without fading (LW at all times, and MW
daytime) an equalizer can be omitted. Thus
great flexibility for receivers for different
applications will be possible, which is
important at least in the beginning of digital
AM service. In contrast, multi-carrier
modulation has to be processed by a Fast
Fourier Transform in every case, which
requires great receiver complexity.

® The amount of equalization depends on delay
time of echoes compared to symbol length.
With narrow channel bandwidth, symbols
must be long. If the echo delay time for MW
is assumed to be 2 ms, this means 15 symbols
for a 9 kHz. channel spacing. On SW there
could be an echo delay up to 8 ms which
requires a mean length of 60 symbols. It is
only at this large symbol length that receivers
for multicarrier modulation become less
complex than those required for single carrier
transmission.

® For a single carrier transmission with a
hierarchical modulation scheme the receiver
can be constructed for a maximum of 16
states instead of the 64 which would be
required for SW application in other
modulation modes.

The layout of the digital AM receiver is
conventional from the front end down to the IF.
At this point a quadrature (I/Q) baseband
demodulator, followed by digital signal and
audio processing is required.

Structure of Modulation Stream

Single carrier modulation uses periodical test
sequences embedded in the data digital stream,
transmitted as 2PSK signals. From these
sequences the receiver extracts the channel
information for adaptive equalizing. 2PSK is a

\ - § § \
J s ; /
\§ data § gap f data § data g |

| H g |

Figure 4 Structure of Data Stream of Single
Carrier Modulation. Data blocks are embedded
between periodically repeated test sequences.
Additionally every second data block is omitted
to produce a gap where the receiver can
measure interferences or alternative
frequencies.

very robust modulation mode and thus can also
be used for quick receiver synchronization.
These test sequences, repeated periodically 25
times per second in MW mode, serve for the
following functions.

®  Synchronization, frequency control, phase
control, and timing.

® Level control, channel estimation, adaptive
equalization, suppression of carriers, channel
bandwidth setting, bit error measurement,
and determination of the level of the
hierarchical modulation.

® The test sequences enable a fine-tuning
control of the receiver of up to +/- 4 kHz.

The periodically repeated gap does not mean any
loss of audio signal continuity or data because
all information in the transmission sequences are
properly arranged. Also, during the gap the
receiver is free to tune around and make the
following measurements:

W Search for alternative frequencies and
determine their frequency, phase, timing, and
level;

® Determine all disturbing carriers which are

not in the middle of the channel.

Interferences within the broadcast channel

In addition to white Gaussean noise and
Rayleigh or Rice fading there are specific
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interferences of data transmission resulting from
distant co-channel AM transmitters. During the
time of transition from analog to digital
transmissions, when some transmitters already
use digital modulation while others still use AM
transmission, interference, especially by carriers,
has to be expected. Thus interferences between
digital transmissions and co-channel and
adjacent channel AM has to be mastered in
order to guarantee the success of digital AM.

The receiver for digital transmission can detect
whether a received signal is analog or digital.
This is due to the test sequences. It also detects
the channel spacing (9 kHz. or 10 kHz.). And,
of course, if it is desired that a receiver be able
to receive both analog and digital AM signals,
only an additional second envelope detector at
the output of the last IF amplifier need be added
to the digital device.

Effect of interference by a carrier
During the night the following measurements

can be made at a station receiving the Deutsche
Telekom digital test transmitter in Berlin:

f

o

Figure 5(a) Phase Asterisk of 32 APSK signal with
Interference.
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Figure 5 (b) Measured Spectrum of the Digital Test
Transmission (810 kHz.) With Interfering Carrier
Approximately in the Middle of the Channel (199,96875
kHz. instead of 200 kHz.).

B With the digital test transmitter switched off,
cochannel programs of BBC in Great Britain
and other transmissions from southern east
Europe can be identified.

B  With the test transmitter in operation, a
cochannel carrier many dB higher than the
digital spectrum can be identified.

The effect of this inchannel AM interference has
been simulated by adding an AM signal to the
received digital signal at day time. Measurement
was made in the IF range (200 kHz.). Since the
interfering AM signal was not exactly in the
middle of the channel, the AM carrier was
measured not exactly at 200 kHz. The measured
phase asterisk and the corresponding spectrum is
shown in Figure $S.

The interfering carrier can be up to 30 dB larger
than the digital spectrum without AM, and can
be up to 6 dB larger with 100% AM, without
causing bit errors.

The phase asterisk for this case looks strange. To
understand this examine the receiver structure.
It has a minimum of one local oscillator and
possibly a second one which provide mixing



down to I/Q baseband signals. All the quartz
local oscillators do not have exact frequencies.
Thus the phase asterisk rotates. Additionally the
phase asterisk will be displaced by the
interfering carrier. This displacement is large
because this carrier is much higher amplitude
than the digital signal. And again, because the
interfering carrier is not exactly in the middle of
the channel, the phase asterisk will additionally
rotate like a planet around the sun.

Normally an interfering carrier must not displace
the points in the phase asterisk more than half
way to the decision lines, but here this is far
more. So the decision lines have to follow the
movement of the phase asterisk. This is
established by the aid of the test sequence.
During test sequences rotation of the phase
asterisk can be measured if there are less than 90
degrees between 2 points. So the effects of the
tolerances of the quartz oscillators can be
eliminated and exact phase can be determined.
If the test sequence is long enough and free of a
DC component, the average of a test sequence
gives the information about the interfering
carrier. In this way the interfering carrier can
effectively be removed from the data stream.

4.5 Present State of Development and
Testing

The Berlin DTAG test transmitter, operating on
810 kHz. with 400 W power, has been in
operation for about a year.  Presently our
receiver consists of an array of components: a
ferrite antenna, a commercial SW receiver (EKD
500) with an additional 200 kHz. output, a
quadrature downmixer, signal processor boards
(TMS 320C40) for demodulation etc. within a
PC, and a Fraunhofer audio decoder (MPEG 2,
layer 3).

In the beginning of our experiments we
transmitted pseudo random data for measuring
bit error rates. We now transmit audio signals.
(Simultaneous bit error rate measurements are

still possible with the aid of the test sequences.)

For our audio transmissions there are several
modes available, depending on the features of
the audio coding system:

® Transmission in mono with an audio
bandwidth of over 6 kHz.

B Transmission in (joint) stereo with audio
bandwidth of about 4 kHz. per channel.

In our system the audio decoder is set to the
right mode automatically. In contrast to AM
analog transmission, where audio bandwidth
depends much on the shape of the IF filters of
the receiver, that of our digital transmission
provides flat frequency response up the the
specified upper frequency of the audio
bandwidth. Also, the dynamic range of the
received audio signal corresponds exactly to that
of the CD audio source signal, and is thus far
better than that of FM transmissions. And, of
course, the received audio signals are completely
free from all the usual disturbances associated
with AM analog transmissions.

Our system is in daily operation, and we invite
visitors so that we can demonstrate how
attractive and economical is digital AM
transmission.

4.6 Projected Schedule of Development

Our next step will be the development of a
single processor demodulator, using an available
chip (e.g. ADR). After development of the
single processor demodulator receiver, we will
modify the transmission method to meet the
needs of SW transmission. Later, we plan to
implement a hierarchical modulation with 64
states. Once this is done the receiver can choose
to demodulate 64 or 16 or 4 states, depending
from the receiving conditions. The 64 state
modulation corresponds to a demodulated signal
of joint stereo audio plus data; the 16 state
modulation to mono audio plus data; and the 4
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state modulation to telephone quality audio plus
data, respectively. By using a receiver
programmed to accommodate different state
modulations, graceful degradation in response to
transmission path conditions is established. This
is an extremely useful strategy to avoid
disruption of program and data transmission.

With the single processor demodulator available
in summer of this year, our system will be
applied to data transmission on a Long Wave
channel below 150 kHz. With this an efficient
and inexpensive data service will be possible.
Because this will be a system used exclusively
for national broadcasting no international
standardization will be required.Our existing
receiving system is designed for LW and MW
transmission. It will be redesigned for SW by
the autumn of this year. In this way we will be

able to demonstrate digital transmission on a

world-wide basis. For this part of our
development of digital AM transmissions
Shortwave transmissions from our Juelich
transmitting station will be used. With the
single processor demodulator now being
developed world-wide demonstrations and
testing of our system will be possible.
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ABSTRACT

This technical paper describes application of the mobile data
collection system that was used to evaluate proponent Digital
Audio Radio (DAR) systems in the San Francisco Bay Area in
1996, for a program sponsored by the Consumer Electronics
Manufacturers Association (CEMA). To complete the task,
the project required development of field test routes,
refinement of test procedures, and FCC authorization for
construction of transmitting facilities at a multi-user
communications site. In addition to the engineering tasks,
the hiring and training of personnel to act as real-time
observers were required.

The test van included a computer data gathering system
developed and constructed by the CEMA laboratory at the
NASA/Lewis Research Center in Cleveland, Ohio. That
system was used to gather data related to vehicle speed and
position, observer reports of system performance, and RF
signal levels encountered throughout the test routes.
Recordings of the proponent DAR system recovered audio
were made, along with video recordings of the vehicle path
and spectrum analyzer images related to system performance.

INTRODUCTION

The beginning of 1996 brought with it the first on-site
activities related to the CEMA DAR field testing
program in San Francisco. In the prior year, eight
proponent systems had been exhaustively tested in
CEMA laboratory space at NASA/Lewis Research
Center. The results of those laboratory tests were
presented at a meeting in Monterey, California, in
August 1995. [1] After completing some retesting
activities requested by individual proponents, final
planning of the field testing project phase began,
including final selection of a transmitting site and
construction of a suitable “mobile laboratory” that
would be used to gather field data.

During several committee meetings related to the DAR
testing process, the San Francisco Bay Area had been
mentioned often as a potential location for conducting

field tests of DAR systems, because of the desire to prove
seamless mobile reception in an environment that
included widely varying terrain and, consequently,
varying radio wave propagation conditions. As many
radio broadcast engineers know, the San Francisco Bay
Area can offer no single transmission site that provides
line-of-sight transmission to all populated areas. Three
popular sites in the Bay Area host most of these
transmitting facilities. The first site, containing the
majority of FM stations, is situated atop San Bruno
Mountain, just south of San Francisco. The second site is
Sutro Tower, located within San Francisco, and the third
site is known as Mt. Beacon, located just north of the
Golden Gate Bridge in Marin County. While all three of
these sites arguably serve San Francisco proper, they are
all shielded by intervening terrain to many growing
communities in the East Bay. Additionally, some North
Bay communities also are shielded by terrain from all
three sites. Therefore, in developing a plan for field
testing, the San Francisco Bay Area was chosen because it
was believed to be at least as challenging to radio wave
propagation as any other location within the United
States.

While it is beyond the scope of this technical paper to
cover the characteristics of proponent DAR systems,
some discussion is warranted to better describe the
challenges faced in designing field tests. Of the nine
system variants tested in the laboratory, all were
originally designated for field testing. Four of the
systems are designed to operate terrestrially within the
FM broadcast band using a host FM station; those
systems were called in-band on-channel, abbreviated as
“IBOC.” Two other FM broadcast band systems
operated on adjacent channels (in-band adjacent-channel,
or “IBAC”), and in place of an FM station, in an
incompatible mode (in-band reserved-channel, or
“IBRC”), respectively. Another IBOC system operated
within the AM broadcast band, and it was designated
“IBOC-AM.” The remaining proponents consisted of
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the Eureka 147 terrestrial system, operating within the
L-band (1,468 MHz) and the Voice of America/let
Propulsion Laboratory (“VOA/JPL”) satellite
delivered system, operating within the S-band (2,030 and
2,050 MHz). A detailed technical description of each
proponent system is provided in Reference [1].

For various reasons, all of the IBOC systems and the
IBRC system eventually were withdrawn from field
testing, leaving only the AT&T/Lucent IBAC, Eureka
147, and VOA/JPL systems. Operation of the IBAC
system required construction of a terrestrial
transmission system that used a conventional FM
broadcast antenna but employed a transmitter
specifically tailored to support the proponent RF signal.
The Eureka 147 system required construction of a custom
L-band transmission facility. Being satellite-based,
testing of the VOA/JPL system required no construction
of transmitting facilities aside from the existing uplink
facility, which was located in New Mexico. A custom
audio compact disc was produced by the National Radio
Systems Committee, Digital Audio Broadcasting Field
Test Task Group, containing one hour of programming
and station identification, which was used for testing of
all systems. Receivers for each tested system were
installed within the mobile test van, as described later.

TEST SITE CONSTRUCTION

As a result of related committee activities, use of the Mt.
Beacon transmitting site was secured for the DAR field
test program. As described above, Mt. Beacon is located
just north of San Francisco; it hosts four FCC-
grandfathered super-power Class B FM stations, two
FM translators, and numerous other communications
facilities. Thus, a challenging atmosphere was added to
the test situation, in that the proponent equipment was
required to operate in the presence of other strong RF
signals without adverse effects to its own transmitted
signal or to the transmitted signals of other stations.

Site Modifications

To construct the IBAC and Eureka 147 transmitting
facilities, a few site modifications were required. First, a
new 200-ampere three-phase electrical service was
installed, which proved to be a somewhat difficult task
in that the electrical service to the site was already near
its capacity. After a number of discussions with the
power provider, a method to accommodate the new
service was devised. Second, an air conditioning system
had to be installed in the test room. While the Mt.
Beacon climate is usually quite mild during most of the
year, the testing process began during the summer

months, in the midst of an ongoing “heat wave” in the
area. Temperatures in the test room rose to over 90
degrees Fahrenheit, which proved to be too high for
proper operation of the prototype proponent equipment.
Third, tower space was located for the proponent test
antennas. Initially, the Eureka 147 transmitting panel
antenna was side-mounted on a tower adjacent to the
transmitter building, and the four-bay IBAC antenna was
mounted on a nearby shorter tower. After initial
propagation tests by the AT&T/Lucent engineers, the
IBAC antenna was rebuilt into a three-bay, half-wave-
spaced design, and it was remounted in the same position
as the Eureka 147 antenna, once testing of the Eureka 147
system was completed.

FCC Authorizations and Site Management
FCC experimental authorizations were required for
operation of both the IBAC and Eureka 147 systems. The
IBAC system was proposed at 5 kilowatts effective
radiated power on 96.9 MHz, which was second-adjacent
to two San Francisco stations and co-channel to stations
in Sacramento and Monterey, California, those being
adjacent markets to the San Francisco Bay Area. The FCC
granted use of the proposed frequency only after
appropriate interference studies were submitted by
others and agreements were received from all of the
potentially affected stations. Securing an FCC
authorization for the Eureka 147 system proved to be
more difficult, in that the desired L-band frequencies are
assigned only for military and government use in the
United States. CEMA negotiated with the FCC, the
National Telecommunications and Information
Administration, and various other government and
military agencies for over one year before final
permission was secured to operate the test station. The
agreement required real-time contact with a military
frequency coordinating agency, as well as the
establishment of an independent monitoring station on
the grounds of NASA/Ames Research Center, in
Sunnyvale, California, located about 35 miles south of
the Mt. Beacon test site.

As a part of the FCC authorization documentation,
surveys for the presence of non-ionizing RF radiation in
excess of FCC/ANSI occupational limits were
performed for each system installation. Fortunately,
measured RF radiation levels of the Eureka 147 and
redesigned IBAC transmitting antenna installations
were found to be well under applicable limits. During
transmitting antenna installation and removal,
significant power cutbacks were required of the other site
users to ensure that the tower riggers would not be
exposed to excessive fields while climbing or working
on the towers. While the associated coordination process



was challenging at times, other site users were
cooperative in agreeing to reduce power during nighttime
antenna work.

During construction, adjustment, and operation of the
transmitting facilities, strict supervision of on-site
proponent activities was required to certify that no
inadvertent or intentional proponent modifications had
been made to encoders or modulators, which was the same
equipment previously evaluated at the test laboratory.
Additionally, site supervision was required at all times
when transmitters were in operation. Not unexpectedly,
the proponents spent many hours setting up and
troubleshooting installation and equipment operation
problems, many of which were related to the high RF
field characteristics present at the site.

Eureka 147 system installation. The Eureka 147
DAR system consisted of one primary
encoder/modulator equipment rack, which was installed
in the test room, along with a 200-watt power amplifier
that was installed in a penthouse room at the site. A
length of low-loss coaxial cable interconnected the
power amplifier, through a filter network, to the panel
antenna, which was mounted about 15 meters above
ground. Complicating the project were additional
installations at two other sites, which allowed the
system to be tested in a “network” mode in addition to a
single transmitter mode. The second installation was
constructed at San Bruno Mountain, south of San
Francisco, while the third site was constructed atop
Round Top Mountain, in the East Bay hills near Oakland,
California. The San Bruno Mountain site was
interconnected to Mt. Beacon by way of a baseband RF
signal carried on a common carrier microwave link. The
Round Top Mountain site was constructed as an on-
channel booster, with receiving and retransmitting
antennas located at different levels on the same tower.
All construction activities at the San Bruno and Round
Top Mountain sites were handled by the proponent.
Supervision was not necessary because no special
modifications to the system encoder or modulator were
required.

AT&T/Lucent IBAC system installation. The IBAC
system consisted of an encoder/modulator equipment
rack, an intermediate power amplifier rack, and a large
final power amplifier. Both rack units were installed in
the test room, while the final power amplifier, because of
its large size, was placed in a temporary container located
Just outside the transmitter building. Two large notch
filter assemblies also were installed within the outdoor
container. A length of pressurized air dielectric coaxial
cable was used to interconnect the filter output to the

transmitting antenna. As mentioned above, the IBAC
transmitting antenna was installed in the same location
as the Eureka 147 antenna, after the conclusion of Eureka
147 field tests.

VOA/JPL system installation. The VOA/JPL S-band
satellite system was uplinked from the JPL laboratory
near White Sands, New Mexico, to a NASA Tracking and
Data Relay Satellite in geosynchronous orbit over the
Pacific Ocean. The VOA/JPL encoding equipment, taken
from the CEMA laboratory in Cleveland, was installed
at the uplink facility by a CEMA engineer. Initial tests
were conducted to verify proper operation of the receiver,
which was already installed in the DAR field test
vehicle.

MOBILE DATA COLLECTION SYSTEM

CEMA and its related committees had determined the
types of data that would be gathered during the field
testing phase of the project to complement the
laboratory data. Of key interest were the RF level, audio
availability, and decoded audio quality of each
proponent’s system, linked to real-time vehicle location
and speed data. Real-time recordings of the RF spectrum
adjacent to the proponent system’s signal and examples
of comparable analog FM reception were also deemed
potentially useful for subsequent analysis of the data.

Test Vehicle Configuration

With the objectives stated above in mind, along with the
goal of automating as much of the data gathering process
as possible, the CEMA crew at the NASA/Lewis
Research Center designed a recording system that
simultaneously collected audio, video, and computer data
on each proponent system under test, linked together
using SMPTE timecode. Audio information, consisting
of the decoded stereo audio of the proponent system
along with the output of two independent stereo analog
FM receivers and the output of microphones located in
the cockpit of the test vehicle, was recorded using a
Tascam DA-88 8-track digital audio recorder. Two color
video cameras were mounted above the driver in the test
vehicle and were positioned in such a way as to provide a
nearly 180° view of the test route in front and to the
sides of the vehicle. The output of these cameras was
combined with the video output of two spectrum
analyzers (one displaying the RF environment around the
proponent system signal and the other displaying the
instantaneous RF level of the signal in zero-span mode)
using a quad mixer, similar to those used in surveillance
and security applications, and was recorded using a Super-
VHS VCR with insert recording capability.
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Figure 1. Simplified block diagram of test vehicle data collection system.

A PC-compatible computer running custom data
collection software was the heart of the system,
continuously recording the instantaneous RF level of the
system under test via the DC output port of the zero-span
spectrum analyzer, along with indications of audio
dropouts and defects made by two human observers
pressing buttons on standard PC game controllers. The
software also recorded vehicle position data, consisting
of continuous distance measurement determined by an
optical shaft encoder mounted to the vehicle’s rear wheel
and discrete position landmarks along each test route that
were manually incremented by the test system operator.
To ensure data integrity and to protect against device
failure, a spare DA-88 and VCR were incorporated into
the system to provide real-time backup of the audio and
video data. A simplified diagram of the field test system
is shown in Figure 1.

Test Vehicle Ouffitting

The entire system was preassembled at NASA/Lewis
prior to installation into the test vehicle, a 1986 24-foot
“Honey” motorhome, shown in Figure 2. To
accommodate the weight and power requirements of the

test system and of the proponent systems’ receiving
equipment, the vehicle required substantial
modifications, performed by the NASA/Lewis crew. The
intertor of the vehicle was gutted, the rear suspension
was raised and strengthened, and additional bracing was
added to the walls and ceiling. New plywood flooring
was installed, three captain’s chairs were mounted for
observers and the system operator, four large equipment
racks were mounted along the side of the vehicle, and an
AC power system consisting of paired rear-slung
generators and interior uninterruptable power supply
units was installed. To support the various antennas
required by the proponent systems, a platform was
constructed at the front of the roof of the vehicle and
fitted with an aluminum ground plane, with a roof
catwalk and rear-mounted steel ladder installed to
facilitate access. This area is shown in Figure 3. The
mounting of the optical shaft encoder used for distance
measurement is shown in Figure 4.

Once these modifications to the vehicle were complete,
the testing system and proponent receiving equipment
were installed and connected. Digital and analog audio



Figure 2. The CEMA DAR field test vehicle.

Figure 4. Optical shaft encoder installation.

were routed through patch bays to facilitate quick system
changes. A video monitor, powered audio speakers, and
headphone distribution amplifiers were installed for
monitoring of the test data being collected. A portion of
the equipment installation is shown in Figure 5. After
all systems were installed and checked at NASA/Lewis,
the test vehicle was shipped to San Francisco.

Test Route Selection

To ensure that all proponent systems were tested under a
range of propagation conditions, the CEMA committees
determined that six “long path” routes, averaging about
one hour in length each, would be driven for each of the
proponent systems. The routes were selected to be
representative of the challenging propagation
characteristics for which the San Francisco Bay Area was
chosen as a field test site, including terrain shielding,
urban shielding, heavy foliage, long over-water paths, and
dense multipath environments. A map of the routes
selected is shown in Figure 6. That figure also shows the
locations of the Mt. Beacon, San Bruno Mountain, and
Round Top Mountain test sites. As previously discussed,
the Mt. Beacon site was employed for both Eureka 147
and AT&T/Lucent testing, while the San Bruno and
Round Top sites were used only for Eureka 147 testing.

Field Activities

To serve as a base of operations for all field activities, a
staging area was constructed in Mill Valley, about five
kilometers (three miles) north of the Mt. Beacon
transmission site. A large garage bay was selected at a
storage facility with convenient access to U.S. Highway
101, the main north-south route on the western side of
San Francisco Bay. The facility was also adjacent to a
well-stocked hardware store and service station, both of
which proved to be invaluable resources throughout the
preparation and testing phases. The garage bay itself was
large enough to accommodate the test vehicle as well as a
heavy-duty workbench and storage cabinet for blank data
tapes, proponent equipment, cables, and spare parts. A
temporary electrical system was installed prior to the
test vehicle’s arrival to provide overhead lighting and a
shore power connection for the vehicle’s power
subsystem.

Test vehicle staffing. During normal field testing
operations, the test vehicle was staffed by a crew of four:
a driver, a test equipment operator, and two observers.
The observers were trained prior to the commencement of
testing to identify signal dropouts and audio defects, and
to mark each event by pressing the appropriate buttons on
their game controllers. The test equipment operator
oversaw the operation of the entire system, controlled
the software, supervised the observers’ indication of
signal events, assisted the driver with navigation, and
incremented landmarks along each route.

Timecode synchronization. SMPTE timecode was
used to synchronize all of the data recording devices,
with the video subsystem serving as the timecode source
for the other two recording subsystems. The audio and
video tapes were “prestriped” with timecode prior to
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Figure 5. Test vehicle data gathering equipment.

each test run. With the VCR in video insert mode, the
prerecorded timecode contained in the linear audio track
would be sent to the other recording devices while the
output of the quad video mixer was being recorded onto
the videotape.

Software operation. The data collection software
was designed to record copious amounts of information
about each system. With each pulse of the wheel-
mounted optical shaft encoder, the software stored a
record containing the digitized instantaneous RF level of
the system under test, with every few records containing
current SMPTE timecode, current landmark, observed
audio events, and weather information. At 200 pulses per
revolution of the shaft encoder, this resulted in a data
record being written for each 1.17 cm (0.461 in) the test
vehicle traveled, or more than 85,000 records per
kilometer (137,000 records per mile). If the vehicle was
stopped for any length of time, the software would
automatically write complete records to the data file
every 5 seconds.

As well as serving as a recording system for computer
data, the software provided a central control point for
much of the test system’s other hardware. At the
beginning of each test run, after the test system was

configured for the proponent system under test, and after
all tapes had been loaded into the recording devices, the
test software was started and basic information about the
test run to be conducted (system identification, test
route, and current weather conditions) was entered by
selecting appropriate options from a series of menus.
With this information, the software automatically
downloaded the proper settings to the two spectrum
analyzers and loaded a file containing landmark
descriptions for the specified route. The software also
was used to activate the insert record mode on the VCR,
which sent timecode to the slaved DA-88 audio recorders
and back to the computer.

Data gathering. Once the recording systems were
running and synchronized, the test route was driven
while the observers listened to the decoded digital audio
on headphones and marked audio defects and dropouts.
The operator monitored the collection of RF data on a
strip chart displayed by the data collection software,
marked landmarks onto the computer record, and took
notes of any odd occurrences or problems with the
recording system. After the route was completed, the
tapes were checked for data and proper playback
synchronization. Finally, the computer data files were
backed-up to tape at the end of each testing day, and blank
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