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Testing of the Grand Alliance HDTV Transmission

Subsystem

By Jules Cohen and Victor Tawil

An 8-VSB transmission subsystem was selected by the Grand Alliance and
approved by the FCC Advisory Committee on Advanced Television Service
as a component of the HDTV system intended to substitute for the NTSC
system now used for television broadcasting in North America and other
parts of the world. Selection was made on the basis of laboratory testing.
To determine the suitability of the system for terrestrial broadcasting and
cable distribution under real-world conditions of propagation, tests were
conducted in the vicinity of Charlotte, N.C., employing both VHF channel
6 and UHF channel 53. The system was found to meet expectations, some-
what exceeding the performance of NTSC, even though the average effec-
tive radiated power (ERP) for the HDTV system was 12 dB below the peak
visual ERP of the NTSC system. The results of the tests are discussed in

this paper.

he Grand Alliance, a consortium

formed by AT&T, David Sarnoff
Research Center, General Instrument
Corp., Massachusetts Institute of
Technology, North American Philips
Corp., Thomson Consumer Electro-
nics, and Zenith Electronics Corp.,
proposed the use of the eight-level,
vestigial side band (8-VSB) transmis-
sion subsystem after comparative
testing of 8-VSB and 16-state quadra-
ture amplitude modulation (16-QAM)
at the Advanced Television Test
Center (ATTC) and Cablel.abs. A 16-
VSB system for use in cable televi-
sion systems was proposed also. The
Advisory Committee on Advanced
Television Service (ACATS) con-
curred in the recommendation.

In the spring of 1994, a prototype 8-
VSB transmission subsystem was
delivered to the Charlotte, N.C.,
advanced television test site for testing
in the terrestrial broadcasting environ-
ment pursuant to procedures devel-
oped by the Systems Subcommittee
Working Party Two (SS/WP-2) Field
Testing Task Force. Additionally, a
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16-VSB prototype was made available
for cable television tests. Since only
the transmission subsystem was avail-
able for testing, modulation of the
advanced television (ATV) signal was
with pseudorandom noise only. The
NTSC signal, employed for compari-
son purposes, was modulated with pic-
ture and sound.

The primary objective of the field
testing program is to evaluate the per-
formance of the transmission subsys-
tem under real-world conditions of
multipath and other propagation phe-
nomena. An important part of that
evaluation is a comparison of the
advanced television (ATV) system
with the NTSC system, which has
provided domestic television to North
American viewers for 50 years.
Stated otherwise, can the 8-VSB
transmission system provide salisfac-
tory picture and sound where NTSC
reception is satisfactory or, even bet-
ter, might the newer system provide
reception in locations where NTSC
service is not satisfactory? Contrary
to the gradual degradation of NTSC
performance as signal strength
decreases or interference increases,
digital transmission reception above
the threshold of visibility of interfer-
ence (from either noise or other sta-
tions) can be expected to be an almost
exact replication of what was trans-

mitted; then, when the threshold is
reached, picture and (likely) sound as
well, are lost.

Both VHF and UHF performance
of the system were deemed necessary.
The Federal Communications Com-
mission (FCC) granted experimental
authority to operate on VHF channel
6 and UHF channel 53, based on a
study indicating that use of these
channels presented little likelihood of
causing interference to, or receiving
substantial interference from, any
existing television broadcast opera-
tion. As will be noted here, the use of
channel 6 presented an unexpected
opportunity to observe problems of
interference to cable reception. This
paper describes the facilities em-
ployed, the test procedures used, the
analysis method, and the experimen-
tal results.

Field Test Plan

The SS/WP-2 established a Field
Testing Task Force to deal with field
testing issues. A procedure for field
testing was developed by that task
force and submitted to the SS/WP-2
parent body for approval. Implement-
ation of the plan is described in the
following paragraphs.

An initial task was the selection of
a suitable transmitting site. The
objective in site selection was to per-
mit observation of system perfor-
mance under varying conditions of
propagation. Terrain in the site vicini-
ty would need to range from relative-
ly smooth earth to that with sufficient
irregularity to assure that some
receiving locations, although within
nominal line-of-sight for smooth
earth, would be obstructed. In addi-
tion, some receiving locations would
be in a community of substantial size,
other locations would be in smaller
communities, and still others in a
rural environment. Fortunately, a site
mecting those requirements was
available near Charlotte, N.C.

SMPTE Journal, May 1995



TECHNICAL PAPER

At the field testing site in
Charlotte, a 1,337-ft tower and trans-
mitter building were made available
by Lodestar Charlotte, Inc., and the
former owner of the tower, Journal
Broadcasting of Charlotte, licensee of
WCNC-TV. The availability of the
tower and building is of prime impor-
tance, but the area also provides a
number of other advantages. Weather
in the Charlotte vicinity provides
decidedly different conditions with
seasonal changes but is sufficiently
mild so that outdoor measurements
can be conducted throughout the
entire year. A variety of terrain con-
ditions in the area permits considera-
tion of terrestrial broadcasting perfor-
mance over paths ranging from rela-
tively smooth to sufficiently irregular
to produce many obstructed receiving
points. The city is of such size that
urban reception conditions can be
explored, and smaller communities in
the vicinity permit the exploration of
what may be termed a suburban envi-
ronment. In addition, a number of
technically diverse cable systems
serve the area and were made avail-
able to CableLabs for its study of
transmission subsystem performance
using working cable systems.

Transmitters, transmission lines,
transmitting antennas, a field truck,
translator, and a substantial amount of
test equipment were loaned to the pro-
ject. The transmitter building houses
two transmitters: a Comark UHF
transmitter with inductive output tube
(10T) output stage operating on chan-
nel 53, and an LDL Communications,
Inc., solid-state VHF transmitter oper-
ating on channel 6, together with
associated test equipment. Zenith pro-
vided an 8-VSB modulator for use
when either transmitter is delivering
an ATV signal. An omnidirectional,
top-mounted TFU-24G UHF antenna
was provided by Dielectric. Just
below the UHF antenna is a single-
bay, omnidirectional VHF panel
antenna from Harris Corp. In addition,
Andrew Corp. provided a directional
UHF antenna, which is side-mounted
on the tower.

For NTSC operation, peak visual
ERP used was 10 kW at channel 6
and 500 kW at channel 53. ATV
average ERP was 0.63 kW for chan-
nel 6 and 31.6 kW for channel 53,
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each 12 dB below NTSC peak visual
ERP. The 12-dB value was deter-
mined using the planning factors rec-
ommended by Planning Subcommit-
tee Working Party 3 (PS/WP-3) to
achieve ATV and NTSC equivalent
service.

The field truck, loaned by Harris
Corp., is complete with AC generator
and extendible mast. Installed equip-
ment includes a consumer-type Delhi
Model VU-932, all-band receiving
antenna, field strength meters, NTSC
receiver with switchable ghost can-
celler, vector signal analyzer, spec-
trum analyzer, Tektronix demodula-
tor, personal computer (PC) for both
control and collection of data, wave-
form monitor, D-3 videotape recorder
(VTR), VM700 video measuring set,
bit error rate (BER) measuring equip-
ment, noise generator, amplifiers,
attenuators, splitters, and cabling. The
Zenith 8-VSB demodulator with asso-
ciated computer and test equipment
provided the capability of reading sig-
nal-to-noise ratio (SNR) at both the
input and output of the equalizer,
equalizer tap energy, and segment
error rate. For communications with
the transmitter and elsewhere when
necessary, the field truck is equipped
with both a broadcast auxiliary trans-
ceiver and cellular telephone.

Block diagrams showing the inter-
connection of the transmitter building
equipment and the field truck equip-
ment are shown in Figs. 1 and 2,
respectively.

Basic testing included measure-
ments and observations at 199 loca-
tions. Of the 199 locations, 128 were
along eight radials extending to 55
miles (88.5 km) from the transmitter.
The radial directions were selected to
provide a range of terrain conditions.
The remaining locations were in two
large grids with one-mile (1.6-km)
spacing and three small grids, or clus-
ters, with one-half mile (0.8-km)
spacing. One grid and one cluster are
located in Charlotte; the second grid
and second cluster are located in the
smaller community of Rock Hill, S.C.
The third cluster is located approxi-
mately 2.5 miles (4.0 km) from the
transmitter, selected to provide infor-
mation on performance of the anten-
nas at relatively large depression
angles.

Transmitter and field truck calibra-
tions were carried out at the start of
each day’s work, and critical parame-
ters were again checked at the end of
the day. Transmitter and field truck
calibration include: NTSC and ATV
power, frequency, visual-to-aural car-
rier ratio (NTSC), linearity, differen-
tial gain, intercarrier phase modula-
tion (ICPM), ATV peak-to-average
ratio, ATV pilot carrier frequency,
transmitter noise floor, adjacent chan-
nel roll-off, carrier-to-noise ratio
(CNR), ATV equalizer tap settings,
field truck system net gain, and field
truck noise floor.

At each test location, field strength
was recorded on both channels 6 and
53 while moving the field truck over
a 100-ft path with antenna erected at
30 ft above ground. As noted later,
channel 6 measurements had to be
curtailed at a minority of the sites to
avoid interference to reception on
cable channel 6. After completing the
100-ft run, the field truck was
returned to the center of the path for
measurements and observations at a
fixed site. To avoid receiver overload,
attenuators were set in strong signal
areas to provide suitable input level.
(The function of the attenuator setting
is comparable to the automatic gain
control [AGC] of a television receiv-
er.) NTSC peak sync level, noise
floor, CNR level over the 6-MHz
band, and video SNR were measured.
The NTSC picture impairment rating,
using the CCIR five-point grading
scale, was determined both with and
without ghost cancellation and com-
ments were noted relative to the
impairment characteristics. A spec-
trum analyzer “snapshot” and co-
channel interfering signal level (if
any) were recorded, as well as chan-
nel characterization data using equip-
ment provided by the Institute of
Telecommunication Science (ITS) of
the Dept. of Commerce National
Telecommunications and Information
Administration (NTIA).

ATYV data collected includes equal-
1zer SNR at the input and output of the
equalizer, equalizer tap energy, input
signal level, pilot level, BER, segment
error rate, noise floor, and margin to
the BER (3 x 10-6) previously deter-
mined in the laboratory to correspond
to the threshold of visibility. Margin

267



TECHNICAL PAPER

SIOENPON DSLN
pue ALY woy 4|
(souryyy puesD) .
JAEIPOYY THN Yy
ALY 8SA8 ; _
Wewod
_.u§‘o|+ 3l L €5 BUSEE N
S P d JI THN ¥ dHN
[eubis OSIN | ¥ POW OSIN
Key
(memagug)  BuRiRg P Y (pewon)
——— JOIOR
hndu| BuuBjuy 4oL 20 | seydnon
J2 0 woy E] feuogoang s £12-94
ki comm Bunqeg) Jowon
e
Bupiey =
I =10 |
Juol J81epy d
e
(e}
oun suRl} 005 ﬁwﬂﬁo..%
— OsL an9 J] |8

(cugoesanq)

3
fo
RUUBIWYIHN  jagooi)  (iom)  (wig xeon)
o) iy »o_n_uqﬂvu pedors O NN = no sseq
USLOS  [euomderq  -UEM | InQeipd peol
d

weysAg uoissiwsuel] 44 JHN

‘Buuoyuow semod 44 pue saainos [eubis | ainbi

SIOIRINPOW ALY pue
(eouegy puem) JSIN woy |
3
JOPRFDON IHA rr
ALY 8SAS
F )
3 Jepnusuel | ZHN BEZ8

08580014 4| THIN 7 JHA 9 jpuuRy] JHA

POl SR
SSUN €420
Sour) Jouoy Y

SINPOig MmO GAISSRd = ddd

(ddd)
1ol
sseg

welsAg uoissiwsuel] 44 4HA

SMPTE Journal, May 1995

268



TECHNICAL PAPER

v UHFNVHF Antenna
Antenna rased 10
30 ft above ground (Delhv #932)
(+9 dBd@ 707 MHz
+4dBdO B85 MHz)
Rotor
RO 750
7501 Downlead
(Quad Shield) Tast
‘ol'no
Control of mas
Unit
750y Spiitter |2 n
UHF Variable
Attenuators VHF
(0-70 dB, 1 dB Steps)
750 75 bad p L
Fa®
g
CH 53 BPF Ch 6 BPF Test line from
NFis1.4d8 Typ | LOW NOIS® |scala  Scala| LOW NoiSe |NfFis 1.6d8 Typ x;&'ud;;',”
Gain is 23 d8 Typ |UHF Preamp|scoss 8000 | VHF Preamp [Gain is 20 d8 Typ
750 7501
| NoisoCom
s 75/50 01 Tr_|75/50Q Noise For A:V
Ant Gen Tmu
500 500 Y Y
2548 | Booster |Mini-  Mini Booster 1748 Booster | 2548
gain Amp ckis ckis Amp gain Am gain
RF 500 500
Net gp]. ? Attanuator
B (] < FEE
- = 1 ep
0.5d8 |o]_A=-
Cored dA 2008 S 10 08
UHF
l H = m+ VHF
11498 8-way ; 8-way |
To T | Splitter | Minicis | spiitter | Yyp
TT TT
Potomac_[)jF Signai 00 HF Signal| Potomac
FiM-72 avel Mete evel Mete FiM-71
DC To PC Data To PC Data DG
Tok Recorder 500 vk 1450
1450 |UHF NTS( 500 Distribution 500 |VHF NTSC
| - —m——. H=-To Video Mon,
| _Demod | | _Demod D3 VTR, s
To Video Mon, FM Notch Dala Recordar
33 VTR, ITS _UHF ik
a Recorder UHF ‘: > Tek
e [ Vector | g o® ™ il merddviaed 20
89440 spgc Anal 2 VHF Tm:: _‘_| pa
Provided by Zenith VHF i 754
UHF ar e TV e
Qi ATV T s e iTr I—'—ﬂn I Receiver | “*™
s-vse [_Demod o ? uv anLyn
VHF Combiner
UHF Chan 53 = 704-710 MHz
HP-3784
T g VHF Chan 6= 82-88 MHz

Figure 2. Field truck RF distribution system.
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was determined by adding a measured
amount of noise to the signal. After
sufficient noise had been added to
increase error rate to the desired level,
equalizer parameters were again
recorded.

Data collected at each site were
recorded on log sheets. In addition,
separate PCs in the NTSC and ATV
portions of the field truck were
employed to record field strength,
determine minimum, median, and
maximum field strength during the
100-ft runs, preserve spectrum ana-
lyzer displays, record vector analyzer
output, and record channel characteri-
zation data. A D-3 VTR was used to
record the received NTSC signals on
both channels 53 and 6.

Disclosure of test results was
embargoed until the completion of
testing. All data were held by those
charged for analysis until they were
reviewed for accurate reporting and
incorporated in a draft report first sub-
mitted to the Grand Alliance for its
concurrence that data were being ana-
lyzed correctly, then submitted to the
Field Testing Task Force for review,
suggestions for modification, and
approval.

As noted above, channel 6 was
selected for VHF testing based on a
conclusion that the use of that channel
presented the least likelihood of inter-
ference to or from any operating VHF
television broadcasting station. The use
of channel 6 produced unanticipated
results and an opportunity to observe
phenomena not usually taken into
account in the allotment of channels
for broadcast purposes. Those phenom-
ena included interference to cable car-
riage on channel 6; a high prevalence
of impulse noise originating from a 60-
Hz source; and interference to channel
6 reception from FM broadcast stations
operating in the band 88.1 to 91.9
MHz, adjacent to channel 6, occupying
the band from 82 to 88 MHz.

Upon initiation of testing on chan-
nel 6, complaints of interference with-
in cable channel 6 were received.
Charlotte television broadcast station
WCNC-TV, the NBC affiliate broad-
casting on channel 36, is carried on
channel 6 by the Charlotte area cable
television systems. A study organized
by CableLabs indicated that some
interference was produced by pickup
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on the cable system and some was
produced by direct pickup within the
television receiver, but the most com-
mon source of the interference was
probably the cabling that the house-
holder installed to connect a VCR into
the circuit or for other purposes. The
interference could be eliminated in
many instances by using improved
cabling or, if permitted by the viewer,
installing a set-top converter.

Because of the reported prevalence
of interference to cable channel 6, use
of that channel, particularly in the
NTSC mode, had to be limited to
short, well-spaced intervals. As a
result, all locations tested for UHF
channel 53 reception could not be test-
ed on channel 6 as well. With the
transmission subsystem phase of the
field testing now completed, further
work is planned to better understand
the extent of the problem and to
decide how interference might be
avoided during the final phase of test-
ing incorporating the complete ATV
prototype.

For almost half of the test loca-
tions, impulse noise ranging from
moderate to extremely strong was
observed and NTSC performance was
severely impaired. Although the ATV
system fared significantly better than
NTSC under the impulse noise condi-
tions, a true comparison of VHF per-
formance (i.e., normal operating envi-
ronment) by the two systems was not
feasible. Spectrum analyzer display
of the impulse noise showed it to vary
from sharp spikes to fairly broad
pulses; however, all demonstrated the
120-Hz repetition rate characteristic
of the positive and negative maxima
of a 60-Hz signal. Locations of par-
ticularly strong impulse noise are to
be compared with the Charlotte-area
power grid to determine whether or
not correlation appears.

With no regularly assigned channel
6 television broadcast station in the
Charlotte vicinity, the inhibitions
against placement of noncommercial
FM broadcast stations are not present.
Consequently, a number of FM
broadcast stations in the 88.1 to 91.9-
MHz band exist near Charlotte. At a
few locations, adjacent channel inter-
ference was sufficiently high that
channel 6 data could not be measured
adequately.

Analysis of Test Results

As previously mentioned, a total of
199 measurement locations were
selected for this program. Approxi-
mately two-thirds of the measurement
locations were along eight carefully
selected radials, extending to approxi-
mately 55 miles and permitting tests
and observations on strong, moderate,
and weak signals. The remaining one-
third were relatively close-in mea-
surements, referred to herein as grid
and cluster measurements, where pre-
dicted signal levels are expected to be
strong or moderate, and variations in
signal levels are attributed usually to
shadowing and reflections from fore-
ground terrain and clutter near the
receiving antenna installation. Data
were collected on all 199 locations on
channel 53; however, because of the
complaints of interference within
cable channel 6, only 169 locations
were measured on channel 6.

For the purpose of this analysis, the
BER is used as the principal measure
of performance of the digital trans-
mission system. It is assumed that a
site achieving a BER of 3 x 10-6 or
better has satisfactory reception. For
NTSC, however, the gradual degrada-
tion of NTSC performance makes dif-
ficult the determination of a threshold
at which the NTSC reception is not
satisfactory. For this analysis, howev-
er, a subjective yardstick was selected
(CCIR impairment rating 3 or better)
to define satisfactory performance for
NTSC.

To evaluate the performance of the
8-VSB system in the field, the analy-
sis was divided into two parts. The
first portion examined the ATV ser-
vice performance relative to NTSC,
and the second examined the perfor-
mance of the ATV system itself. The
evaluation was conducted using a
number of standard parameters com-
monly used in field test analysis.

Service Availability
Overall NTSC Service Availability

To assess the overall service avail-
ability within the predicted NTSC
service area, a subjective evaluation
method was used. This consisted
principally of visual evaluation of the
received television picture by two
expert observers, who rated the over-
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all picture quality using a CCIR
impairment scale and Expert
Commentary and Observations
(EC&O) to evaluate audio degrada-
tion.

To rate the signal quality and
impairment level, each expert observ-
er evaluated the image and sound
quality, then arrived at a rating by
consensus. Assessment was made to
the nearest half-step on the five-point
scale, an acceptable practice in CCIR
studies. Table 1 presents the impair-
ment statistics for both channels (6
and 53) for all the measured loca-
tions. In all of the tables shown, the
combined grid, cluster, and radial
measurements were included in the
tabulation of the impairment statis-
tics, and the sample size is 169 sites
for channel 6 and 199 for channel 53.

The statistics in Table 1 reveal that
picture impairments were far more
frequent in VHF than UHF. This
unanticipated result is believed to be
attributable to the prevalence of high
impulse noise within the service area,
the presence of co-channel interfer-
ence from distant stations, low-level
interference from cable installations
on channel 6, and/or the interference
to channel 6 reception from close-by
noncommercial educational FM sta-
tions.

Overall ATV Service Availability
Unlike NTSC, the overall service

availability of the ATV system within
its predicted service area can be
determined with great accuracy, since
the ATV picture is lost below a cer-
tain threshold level. This threshold
level was previously determined to
correspond to a BER of 3 x 10-6.
Table 2 presents the percentages of
all the ATV measurement sites that
are less than and greater than the
threshold level.

A review of the ATV service avail-
ability statistics in Table 2 reveals
that the overall service availability is
higher for UHF than for VHF. Here
again, these unanticipated results are
believed to be attributable to the
prevalence of high impulse noise
within the service, the presence of co-
channel interference from distant sta-
tions, low-level interference from
cable installations on channel 6,
and/or the interference to channel 6
reception from close-by noncommer-
cial educational FM stations.

Comparison of Overall NTSC
and ATV Service Performance

As stated earlier, CCIR grade 3 or
better was selected as the criterion for
satisfactory NTSC reception, while a
BER of 3 x 10-¢ or less is considered
as satisfactory reception for ATV.
Table 3 presents the percentage of
locations, NTSC and ATV, where
satisfactory reception was achieved
for both channels.

Table 1 — Overall Impairment Assessment of NTSC Measurement Sites

CCIR Channel 6 Channel 53
Impairment Scale (%) (%)
5 Imperceptible 2.4 3.5
4 Perceptible, but not annoying 13.0 52.3
3 Slightly annoying 24.2 20.6
2 Annoying 27.2 14.5
1 Very annoying 33.2 9.1

Table 2 — Overall Service Availability of ATV Measurement Sites

ATV Service Channel 6
Availability (%)
BER <3 x 106 81.7
BER >3 x 106 18.3
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Channel 53
(%)

91.5
8.5

The service performance statistics
in Table 3 show that the ATV service
performance statistics for channel 53
are moderately higher than for NTSC
and substantially better than NTSC
for channel 6. The data also show that
the service availability for both
NTSC and ATV is far better on chan-
nel 53 than channel 6. Here again, the
prevalence of high impulse noise
within the service area, the presence
of co-channel interference from dis-
tant stations, low-level interference
from cable installations on channel 6,
and/or the interference to channel 6
reception from close-by noncommer-
cial educational FM stations are
believed to produce the unanticipated
results.

Comparison of ATV and NTSC
Service Availability for Grid and
Radial Measurements

As noted earlier, the grid and clus-
ter measurements were collected pri-
marily to evaluate signal level varia-
tions uvsually attributable to shadow-
ing and reflections from foreground
terrain and clutter. By separating the
data into grids and radials, ATV and
NTSC service performance under
these propagation conditions can be
determined and compared. Tables 4
and 5 present the service availability,
NTSC and ATV, for the grid and
radial measurements of channels 6
and 53, respectively.

Tables 4 and 5 show that service
performance for the grid measure-
ments for ATV is somewhat better
than for NTSC. Apparently, the ATV
system is capable of dealing ade-
quately with signal variations from
location-to-location (i.e., location
variability).

Comparison of ATV and NTSC
Service Availability vs. Distance

To evaluate service availability
under different signal level condi-
tions, (i.e., strong, moderate, and
weak), ATV and NTSC measure-
ments were grouped in 10-mile incre-
ments and sorted by increasing dis-
tance. Tables 6 and 7 present a com-
parison of the service availability ver-
sus distance between NTSC and ATV
on channels 6 and 53, respectively.
The data in Tables 6 and 7 illustrate
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that the service performance versus
distance is moderately better for ATV
than NTSC, with a significant
improvement occurring between 30
and 50 miles.

ATV System Performance

The data collected for ATV includ-
ed a number of parameters that are
useful not only in evaluating ATV
service availability but also in deter-
mining the performance of the ATV
system under various interference and
impairment conditions. For example,
equalizer tap energy statistics show
how hard the equalizer is working to
correct for varying signal levels and
multipath conditions; ATV margin
data tell how far the signal level may
vary before ATV reception is lost;
and changes in ATV noise floor,
CNR, etc., provide the performance
of the ATV system under various
impairment conditions (co-channel,
impulse noise, multipath, etc.). Of
these parameters, margin data are
most significant from a service view-
point. Data relative to margin follow.

ATV margin is the measure of how
far signal level can fall before the
picture and sound are lost to the
viewer. Since signal level at the
receiver varies with location, time of
day, season, and meteorological fac-
tors, the magnitude of the margin is a
direct indicator of service reliability.
Of course, signal level variability
affects NTSC as well as ATV; there-
fore, an interesting parameter is the
amount of ATV margin correspond-
ing to the NTSC impairment rating.

To determine the ATV margin sta-
tistics corresponding to the various
CCIR impairment ratings obtained
from the NTSC service availability
analysis, measurements at locations
where ATV reception was satisfacto-
ry (BER<3 x 10-6) were grouped
according to the corresponding NTSC
CCIR impairment ratings at the same
locations. Then the median ATV mar-
gin and standard deviation were
determined for each corresponding
NTSC impairment rating. Tables 8
and 9 present the margin statistics for
channels 6 and 53, respectively.
(Channel 53 margin standard devia-
tion for CCIR rating 1 is considered
unreliable because of the small sam-
ple size, n = 5).
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Table 3 — Relative Service Performance of NTSC and ATV

Service NTSC ATV

Performance Ch.6 Ch.53 Ch.6 Ch. 53
(%) (%) (%) (%)

" Locations with 396 763 81.7 915
| satisfactory reception

Locations without 60.4 28.7 18.3 8.5

- satisfactory reception

Table 4 — ATV and NTSC Service Availability for Grid and Radial
- Measurements (Channel 6)

| Measurement
Locations

Number of Sites NTSC Sites ATV Sites
Measured CCIR3,4,&5 BER<3x 106

- Charlotte grid and cluster 33 21 32
Rock Hill grid and cluster 9 3 8
. Radial 127 43 98
| Total 169 67

: Table 5 — ATV and NTSC Service Availability for Grid and Radial
- Measurements (Channel 53)

.~ Measurement
. Locations

Number of Sites NTSC Sites ATV Sites
Measured CCIR3,4,&5 BER<3x106

Charlotte grid and cluster 33 28 31
Rock Hill grid and cluster 33 27 31

~ Close-in cluster 5 5 5

Radial 128 92

" Total 199

Table 6 — Relative Service Performance for NTSC and ATV vs.
Distance (Channel 6)

Distance Number of Sites NTSC sites ATV Sites
(miles) Measured CCIR3,4,&5 BER<3x106

010 9.9 27 18 26
10.0t0 19.9 38 26 37
20.0t0 29.9 33 14 31
30.0t0 39.9 28 25

| 40.01t049.9 28 16

50.0 to 55.9 15 3
Total

SMPTE Journal, May 1995
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Table 7 — Relative Service Performance for NTSC and ATV vs.

Distance (Channel 53)

Distance Number of Sites
(miles) Measured
0t0 9.9 32

10.0to 19.9 38

20.0t0 29.9 51

30.0 to 39.9 34

40.0 to 49.9 28

50.0 to 55.9 16

Total 199

NTSC Sites ATV Sites
CCIR3,4,&5 BER <3 x 10°6
28 31
37 37
45 50
20 31
18 24

4 9
152 182

Table 8 — ATV Margin Statistics vs. CCIR Impairment Rating (Channel 6)

CCIR No. of ATV Sites ATV Margin (dB)
Impairment Scale BER < 3 x106 Median Std. Dev.
5 Imperceptible 4 43.7 4.51

4 Perceptible, 22 38.2 7.40

but not annoying

3 Slightly annoying 41 25.6 9.73

2 Annoying 43 16.9 7.23

1 Very annoying 28 15.0 8.0

Table 9 — ATV Margin Statistics vs. CCIR Impairment Rating

(Channel 53)

CCIR

No. of ATV Sites

ATV Margin (dB)

Impairment Scale BER < 3 x106 Median Std. Dev.

5 Imperceptible 7 41.2 8.26

4 Perceptible, 104 32.4 2 Mrere
but not annoying
Slightly annoying 40 19.9 11.06
Annoying 26 TR o LT

1 Very annoying ) 19.7 14.13

The ATV margin statistics in
Tables 8 and 9 show that, where the
NTSC signal has a CCIR impairment
rating of 3, the median ATV margin
is 25.6 dB with standard deviation of
9.73 dB for channel 6, and margin
and standard deviation for channel 53
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of 19.9 dB and 11.06 dB, respective-
ly. These figures provide ample ATV
margin for locations where NTSC has
a CCIR rating of 3. Furthermore,
channel 6 also exhibited acceptable
margin for locations where NTSC
had a CCIR rating of 2.

Conclusion

For the entire sample of 169 for
VHF and 199 for UHF, satisfactory
VHF NTSC reception was found at
only 39.6% of the locations, com-
pared to 81.7% for ATV reception.
Satisfactory UHF NTSC reception
was found at 76.3% of the locations,
compared to 91.5% for ATV. The rel-
atively poor performance of the VHF
signals relative to UHF is believed to
be attributable to the prevalence of
high impulse noise within the service
area, interference from distant co-
channel stations, the presence of low-
level interference from cable use of
channel 6, and/or interference to
channel 6 reception from close-by
noncommercial educational FM sta-
tions.

ATV performance was somewhat
better than NTSC performance at all
distances from the transmitter. For
the entire range of distances, and for
all sites where observations and mea-
surements were made, 82% of the
locations demonstrated satisfactory
ATV results on channel 6, contrasted
with 40% for NTSC. On channel 53,
it was shown that at 91% of the sites
ATYV reception was expected to be
satisfactory, compared to 75% for
NTSC. At the outermost portions of
the radials, beyond 50 miles, 2 of a
total of 15 sites demonstrated satis-
factory reception for ATV on channel
6, but none of the 15 had NTSC ser-
vice with a CCIR impairment grade
of 3 or better. For the same points
beyond 50 miles, 9 of the 16 sites had
satisfactory UHF ATV reception,
compared to only 3 of the 15 sites
with satisfactory NTSC reception.
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