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Analyses of UHF TV Receiver Interference
l..unities Considering Advanced Television

EXECUTIVE SUMMARY

Implementation of advanced television (ATV) in the eXisting broadcast
television bands will require some consideration of possible interference to
conventional television receivers. The FCC Laboratory staff has prepared
statistical analyses of a sample of television receivers to examine the impact
ATV might have on the existing television receiver population. The results
of the analyses are intended to provide guidance to the Commission and
industry when considering the implementation of the ATV service.

UHF tuner~ of television receivers have limitations in their ability to reject
interference from signals in the UHF television band. Because of these
limitations, the FCC restricts the use of specific UHF channels above and
below an assigned UHF channel. These restrictions, generally known as "UHF
taboos, "substantially reduce the number of UHF channels that are assignable
to full power UHF television stations in a given geographic area.

This study analyzes taboo-related receiver performance from the standpoint of
possible use of taboo channels to supplement existing spectrum for ATV
implementation. We assume that an ATV augmentation t~an~mitter will be
collocated with a station's main television transmitter. The desired and
uudesired signals used in the stUdy were conventional television signals,
since the tests were originally intended to stUdy interference between
conventional television signals. However, the data are useful as a first step
in stUdying ATV interference, since the chara~teristjcs of ATV augmentation
signals have not been established. Note that the stUdy results probably
indicate more protection than will actually be needed. Although there is only
speculation about the salient technical characteristics of ATV augmentation
signals, they will surely be modified from the characteristics of conventional
television signals and be specified to reduce interference to main transmitter'
signals.

The resul ts of the stUdy lead to the following conc lu~; ivlts:

1. Most of the taboo channels Jook favorablE: f~)I' potenti.l u~e as ATV
augmentation channels.

2. Taboo channels N+7, -7 +8, -8, and +15 may be described as prOViding
less opportunity for exploitation as augmentation channels. (See
Note attached to Apepndlx C)



Filially, the level of performance of the receivers analyzed in our study 1s
much poorer than would be expected of future receivers designed to avoid
taboo-related interference. The RF Honolithics receiver, built for the FCC,
shows that general use of such receivers 'llightenable the use of all· the
taboo channels for ATV •

....
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I. INTRODUCTION

'!'til::: FCC LabOratory staff has performed a study of the UHF interference
iDlDunity characteristics of contemporary television t'eceivers. Television
receivers have limitations in their ability to reject interference from
undesired signals. Because of this lack of interfere~ce immunity, the
Commission restricts the use of specific channels above and below an allocated
UHF channli=l, These restrictions t generally known as "UHF taboos,"
substantially limit the use of the UHF television band in a given geographic
iu'eo, ,

'!tH: Cormission is currently examining al ternal i\'c appl'oac:hes fer' authori:ling
advancea television CATV) systems that would prGvide fo/' improved picture
quali ty, Many of the technical designs for tl'idl::>mi tti fig ATV signals require
more spectrum than the 6 MHz currently used by tf'o&dca~t television stations
undel' the;- NTSC transmission system. One optiC!, ttl€' COlT.mi ssion is
investigating 1s the possibility of authorizill~: "i1UiS:llE-:ltat.lon" cn&nnels t.hat
wouJd pl'o':ide stations with additiollal spectrlln, :11' !,';V.

The primcu'y purpose of this study is to develo~ information about
taboo-reJated interference to support eonsider'atloll of the possibility of
using UHF taboo channels to provide spectrum fOI' ATV augmentat ion channeJ s.
In particular, the stUdy examines the performaTlc~ ct,i:lracteristics of
cOf/tempOI'dry receivers, Le. receivers that use eJectronic tuners. We believe
such f'ece i ver's are now used as the pr imary recf i ver' in, many, if not most,
televisioll households. Using the research findings, the study addresses the
possibiJities for using taboo-related channels for augmentation signal
transmitters that would be collocated with exi::>ting NTSC television
tl'ansmitte;-rs. 2 . Collocation is important to consider because a transmitter's
primar'y ::>el'vice area could experience interfer;enc€ fl'orn its own collocat\'!d
t~boc-rel&ted ATV signal.

Tn~ stuay also mentions implications of a genend illtl'oOllction of television
r'ccei ver;:; wi th taboo-related performance correspondi rtg to that of an advanced
lechl,\;Jog 1 receiver developed for the Commissi",:!, \ 1,2,3)

hI; .:1' descriptions of the UHF taboos are pl'vvij~a in Appendix A.

2 l~(,,;J laction is important tv consideJ' bccaLJ~<:: a transmitter's pdmary
SE:I'V ice ar'ea could experience interference fronl its own collacted ATV signal.
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II. STUDY DESIGN AND METHODOLOGY

f,iis study analyzes previously reported data fOI' UHF TI receiver immunities ~,

tv interference from signals on taboo channels. The tlasi~ approach of the
study is to identify the relative levels at which Sitil;dJS on each of the ,ta~

channels.ascompar~~~e'~h~!1,~!Jv>.~g~~!~~"ttl~t.r~•. i~eF~~.s·~~ned ~~Ir~

:f~:~~:~c:~~~,:~:;~~:::r,'~:~~~~bl~~~~~~~(~~boO chaR_A. ···i~'··
(tuned channel) signals. 8y this measure. receiver immunity to interference
from signals. on a given taboo channel increases with the ability to toler'ate
higher levels of the undesired signal level at any given level of the desired
signal. ·rhus. the larger the UID ratios. the better the receiver perfor_nce. I

The study used a ,ample of television receivers .'epl'CSf:llt ing receivers
marketed in 1983.4 However. the present receiver population may be assumed
to contain a significant number of such receivers. 1'0 r.he present time there
appear to have been no changes in electronically tuned c'ecel vers that would
signi ficcUltly affect the data base. The stUdy pr'ovldcs e::itimates of
interference to receivers intended for conventional television, not ATV. At
the present time, there are no ATV receivers. The int~rference immunities of
SdC!"l .'ecei vers are unknown.

; !,..: actua! desired and undesired sigr,als were cunvc',:.' vl.id television signals I

since tne tests were originally intended to stUdy jnterfel~nce between such
signals. (4) ATV augmentation signal$ are inadequnt'~)i ~p~cified at present
)";,)1' inter'i'erence test purposes. Application of tht' Oi:it2£ to ATV results in
simulating ATV augmentation with signals that have the same characteristics
Q~ conventional color television signals, e.g., the undes~red signal level Is
specified as t~e level of the Visual carrier. Beth viSUal and aural carders
wer'e pr'es0nt in the test signals. A1'V syste~s ar'e IH:eJy to operate with
difft:rent characteristics than coclventional statim,s and therefore will have
ir.tf:r·f'el'el,ce characteristics that differ from the r'eslllt::> estimated here. ATV
CtpprQCactle~ that use reduced signa] levels and/ol' modi fi ed transmission methods

.3 Ucl.t?lfi,inations of "just perceptible" interl\~l'ell~.:' .:.:;i used herein we,'e
b..~t-d 011 the observations of expert viewers. This intel'i'erence criterion
enhance::> the reproducibility of the viewers' observations. Under actual
viewing conditions, this level of interference would pr'obably not be noticed.
J t. l'epre:>ents much less picture deg.'adation thauthat Oll which" transmitter
Be'''tI] ce contours and the UHF taboo channel restr i cti Of I::> al'e now based.
However', the criterion may be appropriate for interfel'eflce to a primary NTSC
service Carea from a collocated ATV augmentation transmitter.

4 ·l'ti~ data analyzed in this study were origin",l .. .\' tatlulated and repor'ted
i 1\ l'eference 5.
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for theil' augmentation channels generally can be expected to pose less
interference to main transmitter signals. Therefor~, the results of this
study are likely to overestimate the interference potenti.al of augmentation
:::;iinals on taboo channels compared to convention~l television signals on taboo
cnannels. This stUdy is a preliminary effort to e::;timate interference to
conventional television receivers tuned to a conventional main channel
operating with a co-located ATV augmentation cn~nn~J.

JI~sj red a/,J undesired signals were introduced .:.t It.·: .iJ!;t~nna terminals of' a
I'eceivel' IInder test. For a given desired signal lev~J, the level of the
.:ndesi red signal was varied to determine the Jevo?! at which just perceptible
~ nterf'el'el,ce occurred. Receiver interference immuni ty, the threshold U/l1
[,4t.io, wi J j differ for relatively stl'ong desil·t;·j ':>Jg/laJ.:> compared to
/~Iative:y weak desired signals.

':l'/l •.: stlld:., therefore, examined recei ver interfel'i.IJ('~ thr'esholds at strong,
mod~I·.:lt-=. ::illd weak desired signal levels. The :)t!'O!ll! signal level used was
-15 dBn,. fhi::; represents a UHF broadcast statio!: ,'je;d strength of ~ever'al

IJimdr'ed I!! , ! ~ ivolts per meter and is approximately the.: level at which a
J'e~~eJv~I"~ tuner might exhibit overJoad. The ,.h~:2J.; .::;jgnaJ level used was -55
::H~rll. Ttl:." is intended to represent reception at. a television station's Grade
!3 cC:.r",lll!. d boundary used to estimate a stat jon'::l ::icC vic~ area. The moderate
S~tl..::.: It,;·.··: used was chosen as -35 dBm. This gel,'~I':I::.\' represents urban
C'ovo:?rC:lt"". 'J't-,e study used previously reported doLi (l4 j. Statistic;:£l analyses
were P€'I·I.,:'nl~d to project the data to various pel'C(;I:tdgt~S' of the population
repr'esel.t-::j by the sample receiver data base. III particular, analyses were
maJlo= fOI' ?(J, 80, 90, and 99 percent of this populati<Jn.

'1'1',': !-lee-."! \',,:1' Sa.mple

·l"th. S~:l,;" ~ '_ of receivers used for this study con:)] ~tc~ of 15 electl'onicalJy
turJt;o I'\h;'.: j vel'S, circa 1983. 5 We did not use l'ilUldolr; sd.nlpling but "cluster
sampiJ/'I£.'· The sample does not represent the populatiofl in every aspect, but
onJy iI' ~haracteristics of interest. For exampJi. eJectronically tuned color
l'e('C;;V(:I·~ wer'e chosen because they appear to be tne Qvminant choice as the
pr'imal y r'o::-ceiver in television households. Hech...:ti(:ild Iy tuned receivers were
E:xcluot:j t,ecC:luse they tend to be less susceptjbJ~ tv UHF taboo interferellce
than tl(:~tronically tuned receivers. Some charactel'jstics of the population,
suc~ a::i tne picture tube sizes of table model and floor model receivers do not
affect. interference irmnunity. The sample was not chu~en to represent the
proportions of the various picture sizes in the popuJation. In'other

5 frtle.::i~ 15 sets were the same electronlca} Jy turfed Lilli ts used by the
L.2t;,OI'~t(wy staff in its earlier research on UI!F ti:lboo.::>. (Jl) The procedul-es
lJSed to ot.tain the data are described in AppenJji( B.
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~Ilaracterjstics the sample was del iberately structured to mirror the
populatiolJ. for example, fewer expensive receiver's were included than.
ltlClss leader's" and more receivers were included ft'om D1dJor brands than minor
orands, Care was taken in the selection of the sample so that statlstic~lly

valid inferences could be made for the populatiClrl of receivers with regard to
th~ chat'&cteristics of interest, Table 1 brieflY descl'ibes each of the sCimple
units.
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Brief Descriptions of Television keceivers
(Receivers numbel'ed as in reference II)

Nv. 1: 25" console, one knob tuner, Brand A

No.2: 19" table model, frequency synthesl~f;d tuner, remote
control, Brand A

tJ<-. 3: 19" table model, frequency synthesi:led tuner' with I'emote,
Brand B

tJu. 4: 19" table model, 12 channel tuner' witl1 I'emote, Brana C

Nu. 5: 25" console, frequency synthesizc:d tuner with remote,
Brand D

.

No. c.: 111" table model, 12 Chctnnel tumn wi ttl l'emOte, BI'and B

Nc,. 7: 19" table model, frequency synthc~ized tull<:-:" wi th I'emote,
Brand E

Nv. 8: 19" table model, frequency synthe~J2ea [ lllli.:r' with remote,
Brand F

No. 9: 19" table model, frequency synthesized l.UlIel' , Brand G

Ne, 11) : 19" table model, frequency syntpesized tUllel' with remote,
Brand G

No.1': 19" table model, frequency synthesi~e.j tunel' with I'emote,
Brand H

Nc. 12: 20" table model, frequency synth(;$L~('j ttlnel' with remote,
Brand I

Nu, 13 : 111" portable, one knob tuner, Brand J

No. 14: (not included in sample, mechanically tuneo)

Nu. 15: 19" table model, frequency synthesized tuner with remote,
Brand J

Nu,16: 19" table model, one knob tuner, Bt'and A
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b'ocedur'e::> f2!:. Statistical Analyses

T~e d&ta analyzed for this study consist of UfO r&tios found for various "test
situations" applied to the same group of fifte~n television receivers. In

~-' statistics these test situations are frequently called Ittreatments." In this
study & test situation or treatment is characterized ty:

1) The taboo phenomenon

2} '!'he channel spacing of the interference l u"d~::;j r'ed) channel relative
to the tuned (desired) channel; and,

3) The level of the desired channel signed.

Fuurteen taboo channel spacings were analyzed wi th tnr'ee desi red signal
levels, -15 dBm (ltstrong"), -35 dBm ("moderate">, and -55 dBm ("weak").6 Thi~
r-esulted in 42 treatments of the fifteen television r'eceivers.

'I'ne an&lysis applied to each treatment examined the U/fl ratios obtained for
each receiver under the specific oonditions of the treatment. In general, a
tr'eatment yielded fifteen data points, one foc' each r'eceiver. 7 The data
points are the undesired to desired signal ratio::> rOt' each receiver,
c~icuJatej from the desired signal level for the treatment and the undesired
sigrj~:d level reported for the mean observation of "Just perceptible"
interference as found by two observers. Additiollal infor.mation is given in
Appendix B about the prooedures used for obtaining individual data points.

SolBe elementary statistios were calculated previously for the data for the
various treatments. (4) These were the mean, median, and range of the U/O
r'atio. These statistics were recomputed for the pc'eser;t study to exclude data
fl'OR! a mechanically tuned receiver. As discussed below more sophisticated
st~tistical procedures were used in the present study to extend statistics
fl'om the sample to the designated receiver population.

'!'ne dQto ror' each treatment were first examined 1'01' f1~.>r'R"..:dity, Le., whether

t.
their
stUdy
tiJned

lab'hi channels 2, 3, 4, and 5 all concern inter'modulation products and
interference potentials are generallt eQuivalerlt. For this reason, the
did not separately examine the taboos 3 and 5 channels reJlloved from the
chal;l.el. see Appendix A for additional descl'iptioli of the UHF taboos.

7 In some treatments, the level of taboo channel signal necessary to cause
jU.::it lJel"c~ptible interference was higher for one vr mar',;: of the observations
tl1... n couJO be obtained from the generating eQuipnlenL Such observations were
conserVatively treated as missing data points.
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the sample data were drawn from a population with a normal (i.e. gaussian)
probability distribution. The normality tests were performed through a
computer program that uses a method similar to plotting the treatment data on
normal prObability paper. 8 On the basis of the guidance siven in the
documentation supplied with the program, normality was assumed if there were
no systematic departure of the rankit plot from a linear trend and if the
Wilk-Shapiro statistic were 0.94 or larser.

)f a treatment exhibited normality, the cumulative normal distribution of the
population was constructed usinS the standard deviation of the U/D ratios for
the treatment and an adjusted, conservative estimate of the population mean
UfO ratio. The value used as the adjusted population mean UfO ratio was the
lower limIt of the 90J confidence interval of the estimated population mean
UfO ratio. This statistic was calculated for the treatment by the usual
method using the t distribution. This biased estimate of the population mean
had the effect of shifting the cumulative distribution of the population
toward smaller UfO ratios. The effect of this are considered approaches to
render more pessimistic results in the sense that weaker undesired sisna1
levels to cause interference. This is consistent with a posture of attempting
to avoid television interference.

Some of the treatments were skewed below the median and therefore did not
pass the test for normality. Interestingly, the means and medians of the UfO
ratios for such treatments tended to coincide within a few decibels. Since
there has been little interest in UfO ratios associated with protect ins only
the better receivers, the poorer (smaller) eight UfD ratios of a treatment
e~ibiting skew were examined for normality. This was done by using the
values below the median with calculated values point for point as much above
the median. If the fifteen data points constructed for such treatments from
the smaller eight UfO data points demonstrated normclity, the treatment was
considered to be "conditionally normal." The original treatment data were used
in calculating the estimate of the mean, because these data are more
representative of the population. 9

Some treatments had as many as three missing UfD ratios. The adjusted estimate
of the population mean for such a treatment was calculated as if the number
of receivers was reduced by the number of missing values. This tended to make
the adjusted estimate of the mean population UfD ratio smaller (poorer) than
would have- been calculated from a complete data set. 'l'r'catments wi th missing
values were either not normalizable or conditionally normal. Obviously, such

•

8 Wll~-ShapirofRanki t Plots, "STATISTIX", NH Analyt ical Software,
Roseville, MN 55113.

9 Conditionally normal treatments are indicated on Table 1.
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missing values would not affect the development of conditionally normal UID
ratios for a treatment.

The cumulative distribution for a treatment was plotted in terms of UID ratios
for "Just perceptible" interference versus percentages of the population.
Table 2 is a tabular su.mary of the results tor the 1~ treatments representing
the strong desired sianal level (-15 dBm). The table shows estimated "just
perceptible" UID ratio thresholds to protect gOJ and 50J of the POPulation.
There was good agreement with values found using toJerance limit tables.
Appendix C p'resents more complete results of the study than Table 2. This
appendix jncludes population estimates for treatments with moderate (-35 dBm)
and weak (-55 dBm) desired signal levels in addition to strong (-15 dBm)
signal levels. It also includes UID ratios for population percentages not
given in Table 2 and has more detailed notes about the statistical analyses
fOt' the various treatments.

STUDY RESULTS

Ji:sLJe 2 sllmmarizes the results of the stUdy analys~;:;. A more complete
presentation of these results is presented 1n Appendix C.

.-
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Table 2
~

Summary of Results
The following table summarizes the results of the study analyses.

ESTIMATED THRESHOLD OF UNDESIRED-To-DESIRED
SIGNAL RATIO NEEDED TO PROTECTED 90 AND 50

PERCENT OF THE RECEIVER POPULATION

DESIRED SIGNAL STRENGTH

(

UNDESIRED WP.AK MODERATE STROMG
_SIGNAL ~__. (-55dBM). _ (-J5_dh) _._ _. t-ts.dBlIl

Upper Adjacent Channel (M+l)
Lower Adjacent Channel (M-I)
Inter.adulation Channels ("-2, "-4)
Inter.odulation Channel. ("+2, "+4)
Cross Modulation Channel (M+2)
Cro•• Modulation Channel (M-2)
Cross Modulation Channel (M-4)
Half - IF ("+4)
IF Beat Channel (M+7)
IF Beat Channel (M-7)
IF Beat Channel (M+8)
IF Beat Channel (1-8)
Sound I.age Channel (1+14)
Picture Image Channel ("+15)

( .)
*-6dR/8dB
*-16dB/2IdB
* 2dB/12dB

17dB/25dB
2ldB/27dB
30dB136dB

(e)
10dB/23dB
6dB/22dB

* 5dB/21dB
4dB/2ldB

-ldB/IJdB
-20dB-7dB

*OdB/9dB
*-6dB/5dB

10dB/14dB
-2dB/6dB
8dB/17dB
13dB/20dB

(d)
-ldBndB

*-8dB/10dB (f)
*-2dB/l3dB (f)
*17dB/9dB
*5dB/13dB (f)

-2dB/SdB
-17\tB/lOdB

-6dB/-IelB
*-6dB/-ldB (b)

-4dB/ldB
-6dB/OdB
-4dB/JdB (b)

(c)
(d)

*-5c1B/ldl (b)
*-I4dI/Ocll (b)
*-12c11/2dB (b)
*-l1dB/2c11 (b)
* IOdS/2e1B (b)

-6c11/2dB
-26c1B/-19c1b

Motes:

* Data vas conditionally noraal

..

- 11 -



III. DISCUSSION AND OBSEkVhTIONS

\H: ulJ::sel'v\: that a station offering ATV service through a technical system
that requi ,'es an augmentation channel most likely will transmi t both its
pl'jmary and augmentation signals from the same location (i.e., it will
operate co-located primary and augmentation channel transmitters). Under
the current allocations scheme, UHF channel assignments that are governed by
the taboo restrictions serve different areas so that their potential for
interference is limited to relatively small areas and correspondingly small
pOpUJi:ltiOll$. If two taboo channels are co-located, the areas sel'ved by the
~illldl:::. wC:.Jld, in general t be coincident and the area of potential
jlit·JI·n·....:".::~ would, therefore, cover the primary audience served by the
sigr.a.!s, ThUS, the population of TV viewers at risk woulj be much larger' if
taboo chc.~Jnels were co-located.

011 tlli:; bd~i:s, it appears that if taboo channels ar'e U:>t-O to pr'ovide
augmentation channels for ATV service, a significant iner'ease in
iJJterfe,..~r;ce to stations' primary service areas may b~ possible. It _
ther'et'or'e seems reasonable to suggest that the crt tel'ioll for protection from
taboo channel interference be increased from the 50 percent of the receiver
popu]atioli figure used when the taboo channel distanCe separations were
established in 1952. For discussion purposes in this ~tudy, we believe it
is reasondbJe to consider protecting 90 percent of th~ receiver population
ill sitUations where a station's primary audience may br.- affected by tabou
~hi:snlle1 l' I tar ference.

lQ. inteq)l'eting the study results, we
ATV augme'Jtation signals generally is
tha t of' pl'i mary transmi tter signal s.
tecn~jqu~~ such as carrier supression
~ugm~ntbtj0n channel signal level.

also obser've that the power level of
expected to be ~ to 6 dB less than
ATV system$ ar~ expected to use
to achieve this reduction in

Th~ l'e:>uHS on Table 1 show that for all of the t.~boo channels, r'ecelver
per'formance is poorest for the condi tion wher'e a stror.g desired signal (-15
dBm) is pl'esent. This condition thus represents the "W01'st ca::;e" situation
for' /'ecei ver performance. As indicated on Table 1t pr'otection that Is
:>ufficient for strong desired signals plainly cal$O wi 11 be sufficient fOt,
mOderate and weak signals. The strong signal results al'e shown graphically
on Figur'c 1. The upward arrows on this figure indicate cases where receiver
per'formance is known to be better than the levcl shown and the pata points
indicated by "RF" are for the improved technology r'eceiver developed for the
Conunissioll by RF Monolithics, Inc.

Using the 90 percent of the receiver population pr'otection criterion
and likelihood of lower ATV augmentation signal levels discussed above, we
observe fr'om Figure 1 that the taboo channels as viewed in the context of
conventional receivers, can generally be grouped into three ranges:

,
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~) +3 to -6 dB

2) -10 to -17 dB (Channels n + or - 7 and 8); and,

3) -26 dB (Channel n + 15).

Assuming that ATV augmentation sign&ls are transmitted &t powel' levels ~ to
6 dB lowe" than the pri_ry signal, it appears that chanr.els + 1, - 1, +2,
-2, +3, -3, +~, -4, +5, -5, +14, and -14 from the tuned channel (those 1n
the fi,st group) are the best candidates for augmentation channels. 10 These
chanlJels are the adjacent channel, intermodulation, ar.d sound image taboos.
CII::aUII~J~ +7, -7, +8, and -8 from the tuned channel (those in the second
gl'oup) appear less desirable for use as augmentation channels. "hese
ch&nnels are the oscillator taboo, which is a~ IF beat phenomena, and the IF
beat taboo. Finally, the channel ... 15 from the tuned challnel (the third
gt'oup) appeal's the least likely candidate for augmentatiolJ channels. This
channej is the picture image taboo.

; n SUJnmi:it'y, the results of the study suggest that the adjacent channeis,
;lItermoduJation channels, and sound image channels are the best candidates
for' co-located ATV augmentation signal channels. The IF neat channels are
l.ot &s good, and the picture image channel is the pool'est. We bel ieve
toese observations are generally conservative, given the design of the
&:iualy::>is on which they are based. In particuJar, the study used:

.~

1) The "Just perceptible" interferellce cl'ite:l'ion (thi:s degree of
interference is not expected to ~~ noticeable or objectionable
under ordinary viewing condltior.s);

2) 90 percent as the standard for p..·ot~ct i on of the receiver
population;

3) Adjusted estimates of the sample means that shifted the
estimated means from the sample data down to the lower bound
of the 90 percent conf j dence intel'val j ar..l,

~) Conventional television signals on the: taboo channel:;;
(carrier related interference caused by conventional
television signals may be character'istic of ATV augmentation

111 Tabuo channels 3 and 5 channels removed f't'om tlit~ tuned channel can be
c~pected tc have the same interference characteristic~ as channels 2 and 4 and
tllerefort were not separately examined in this ~tlJdy. ThE: small difference ill
toe UtI; retio for channel n +l4 from that of chawlel S J; .. 2. -2, and -~ is
gttribu~&b)e to measurement error. See footnote 6 ~bovc .

.~
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signals) .

Some cautions in interpreting the re~ults of this stu:jy are in or'der',
however. The study results are based on a rather limited sample of
receiver~. It is possible that the actual population of receivers could
tend to be more (or less) sUbject to taboo channel interference than
indicated by this study. Also, the receivers used were models marketed 1n
1983. While we do not believe that the performance characteristics of
electronic tuners has changed significantly since that time, we do not know
for certain how these receivers compare to receivers on the market now.
fur'thel', although this study expect~ that only 10 percent of a rece1ver~ in
a piart i cuI ar area would be affected by taboo i mel' fi:I'er.ce, this could st i 11
result in a reduction of service to a large numoe,' of households. Finally,
it is possible that on some receivers the effects of some interference
phenomena may change precipitously from just acceptable to a much worse
condition. This stUdy did not investigate the libelihood of such effect~

occurring.

w~ al~o observe that advanced technology exist~ that would make the
restrictions imposed by the present taboos unnecessary. This is apparent
from the measured performance of the RF Monolithics rec~iver as shown on
f igUl'c " A new generation of television receiver::; incol'porating this
t~chnolog'y could be produced that would be relatively immune to interference
I'esu] ting from UHF taboo combinations. Thus, taboo related inter'ference is
expected to be a problem only during a transition pel'iod in which improved
r-ft.Ceiver·s are introduced. But it appears that even du"ing the transition
period there would only be a few taboo channels that could not be used for
augmentation signals.

w~ pla~ t~ undertake additional receiver tests bnJ aJ,~jysis programs that
wi13 impr'ove our statistical inferences. These may illvolve larger sample
sjze~ for· increased confidence in extensions of the sample to the receiver
populatior.. We also plan to improve our sampling techniques and to obsel've
time-depeJlljent trends in the interference iDlllullities of the receiver
popu j at i OJ, •
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APPENDIX A

Brief Descriptions of
the UHF Taboo Phenomena

as Described in the FCC's ~uJ~~

("n" is the number of the tuned channeJ)

Adtacefit Channel Cn + or - 1 channel)

Adjacent channel minimum mileage separations also apply to VHF television.
H1J receivers are more or less susceptible to signals immediately adjacellt to
the i I' intended passband.

illtermoduJation Cn + or - 2. 3. 4, 5 channels)

Intermodulation from a combination of input sigrJals pl'oduces a spurious slgnal
01' sigfJaJ.~ wi thin the tuned channel. For example ill television, a s~rious

signal on i:l desired visual carrier frequency could ar'i::>.; from the combination,
2fa - fb, where fa is the visual carrier frequency of one undesired channel
and fb is the visual carrier frequency of another'.

Interft::I'i.:J ..,;c which could occur fron. channel n+4 i;;; irlcJudt:j in the channels
J isted above. This is called half-IF interference al.n is attf'ibuted to a
cOlT:t,i flatiml of the undesired signal and a recei vel" s loccd osc i llator.

CI',9SS moo!.Jation interference channels are also included above. In televisioll
ii;t.€I'fcf'e:ltCe the phenomenon typically involves tl"le transfer- of the modulation
of ar, U1ldesir'ed visual carrier to the desired visual carder'. Usually, the
vt::'ti..::., :tnd horizontal boundaries of the und€:osi!'ed pictUl'e are seen first.

0.::;.: i J j '" lJl (rj + or - 7 channels)

A U/!F l~It:~lision receiver's local oscillator freque'JC::jI for a tuned channel "n"
i~ JOCate~ in channel n+7. Therefore, local oscillator radiation from a
r"tH.:..:i VE:'I' tuned to channel n could cause cochamJ~l inter'ference to anothel'
rJt:-ad,y l'cceiver tuned to channel n+7. The COChaflIJeJ Jocal oscillator signal
is llonJilli:llly at 3.75 MHz above the lower edge of channel n+7. This is a
,'egion of receiver vulnerability to cochannel interference. Protection
a~~j~::>t stich interference is based on the principle of preventing overlapping
~,'ade A service areas of full power' UHF stations sever: channels apart, so that
receiver's within the Grade A service area of one such station would not
normally be tuned to receive se~vice from the other station which would not be
a$ good in quality.

IF beat interference, described below, could a1$0 OCCUI' for the above channel
separations.
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IF Beat (~ + or - 8 channels)

When two stations are separated by a receiver's il,tel'llli:diate frequency OF),
it b possible that the two stations' signals wilJ CGRlbHJi! to produce a beat
signal which will be picked up by a receiver's IF amplifier. Where a _5.75
MHz IF is in use, such signals. may exist for channej~ Which are separated by
Si!ven or eight channels from the desired station's ch~nnel. (The seven
.::ham,(:J .::Ii:paration is subsumed by the restrictioll ba~e13 on receiver oscillatol'
rad i at i on, ) .

Soulid IrnCiit (n + or - 1~ channels)
['ictul'{; Inlag~ (n + or - 15 channels)

jnl::sg~ intc-I'ference arises from signals in a receive",;; im~ge channel band.
'f!'I]:' oalld i$ located as much above it receiver's lOCal oscillator' frequency as
t',Il~ des i "':oJ channel is below it. One frequency itl the image channel is the
a~l'a1 C31T i el' frequency of the sound image channE:l (n.l~). Another is the
vi:;IJ,,:t! c,..r'l'ier' frequency of the picture image chann~d (n+15).

Ti,,; Vl~LJd~ Carrier frequency of the picture image eh.:!l.l;'.' is in a more
vulllel'abj~ PesJ"'t of a receiver's image channel thaI, t/ ..~ .:aLJ/'a} carTier of the
so.md imQi~ channel. The lower amplitude of a televj:;loll-channel's aural
cal'!'ie/' cumpared to its visual carrier also reduces iuteri'erence effects of
t..I','.:' sOUlld image channel compared to the picture image channel .

.--
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APPENDIX B

UHF Television Interference Test Pr'ocedu,'es

fa,' tests of the 1983 sample, two engineers exper-ienced in picture quality
ju~gement.s made subjective observations of "Just per'ceptible" interference.
Interfering signal levels were read to the nearest decibel in dBm, decibels
reftWred to one milliwatt. If the data from the two observers wer-e within
two decibe~.st the mean was reported; otherwise the appropriate observations
would b..: ,'epeated until the two decibel range was obtained. (This latter
pr'ocedul''; was necessary in relati vely few cases.)

in ma~:illb aU interference level JUdgement, an ObserVEH' was seated at a
d!~tanc~ of four to six times the picture height from the face of the
t~levis iull receiver's picture tube. No light sour'ce was directed at the
SCI'een "dId specular reflections were avoided on the face of the picture tube.
1'1-10:: room UaS illuminated with somewhat less light than may be typical in
c"ClinElr'y home viewing.

WiU, tl1~ tc=ievision channel combinations establishea for a pa,'ticulartest,
th~ Jeve: of the desired signal was set to the specified value. 1'he levels
of th~ interfering signal(s) were controllable through a single attenuator
b} the- observer. His observations of the interfering .signal level for ttle
criterion of "just perceptible" interference was obtained by adjusting the
attenu4lor' to the point at Which a few dB increase gave. an obvious visible
inter'ference while an equal decrease caused the visible effect to disappear;
i.e., become imperceptible .....
Jl' pr'evious tests of this kind, notably for tests reported in 1974, three:
0!Jser've.,s were used, and the desired signal anp unaesir'ed signal{s) were
translatea off-the-air teleVision signals. With three observers there WdS
always a center value (the median) to allow for a relatively wide range ~f

ooservations caused by the various video conditions present during
pr-ogranunirlg. (Commercials were not used for observations because of their
frequent shifts of scene and eye-catching effects.) Of course the use of
p,'ogram material represented actual viewing conditions of luminance and
chr'orni nance.

Howevel', in this stUdy changes were necessary because of constraints of time
and available personnel. To reduce observation time. a test pattern was used
011 the desired channel instead of program mater'ial. 1'his el imil'lated. time
pr-eviously spent waiting for usable video. This de~isi<'l0 also eliminated
di ffe.'ences in desired video during observatior:s., making the use of only two
otservers acceptable.

The desired signal was video modulated wi th a 50~ aver'age picture level
fuJl-screen pedestal with color burst. Its aural carrier was unmodulated.
As in the previous tests, the undesired television signal(s) were translated
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cff-the-all' television signals. This maintained eff~cts observable because
of suc~ characteristics as lack of frame synchronization and saturation
~nQTlges in the undesired prosramming. The procedure used for these tests was
judged acceptable, based on data which agreed within pius or minus it dB,
obtained under the previous and present conditions with a control receiver.

"~

",
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APPENDIX C

Detailed Presentation of Study Re~uJt~

Adjacent Channel

Uppel' Adjacent Channel (n+1)

Weak Desired Signal (-55 dBm):

The data were not normalizable. The J'esults below t"or
n- 1, weak desired signal, may be used f ..:w purposes of
illustration. The sample statistic~ iDdlcdte somewhat
poorer receiver immunities for n-1.

Moderate Desired Signal (-35 dBm): Conditionally

U/D = - 10 dB (Protects 99~ of reprf:seli~~d
UlD = 0 dB (Protects 90J of represented
UIO = 3 dB (Protects 80~ of represented
UID = 9 dB (Protects 50~ of represelJted

p.j~.u1at ion)
popldation)
population)
population)

Stl'orie:. Desired Signal (-15 dBm): Conditio:.;:] f y

UID = -12 dB (Protects 99~ of represcllt.eJ population)
U/D = -6 dB (Protects 90J of represented population).- UID = -4 dB (Protects 80~ of represented population)
UID = -1 dB (Protects 50~ of represented population)

L0wcr' .:I::: !::tcent Channel (n-')

Weak liesired Signal (-55 dBm):

!;("jJu 1at i on)
j.;~li-hJlation)

IJoJ.1Lilation)
pCJpulation)

(Protects 99~ of repreScl,tc"::
(Protects 90J of represellte.:l
(Protects 80~ of represented
(Protects 50J of represented

= -16 dB
-6 dB
-1 dB
8 dB

UID
UID =
U/D =
U/D =

MOOcl'dte Desired Signal (-35 dBm): Conditionally

•UlD = -16 dB (Protects 99J of represented pOJ,Julation)
UID = -6 dB (Protects 90J of represented popuJation)
UID : -2 dB (Protects 80~ of represented popuJation)
UID : 5 dB (Protects 50J of represented population)

SlI'Ul,C IJesired Signal (-15 dBm): Condjtjor.o~l\, wn'mal,
popLlJ::ltion UID expected to be better than b(:iuw 5i,,~e one
data point> 1S , dB was not used.
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U/D : -12 dB (Protects 99J of represented population)
U/D: -6 dB (Protects 90S of represented population)
U/D: -4 dB (Protects 80S of represented population)
U/D: -1 dB (Protects 50J of represented population)
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APPENOIX C
(Continued)

lntermodulation

Intermodulation Channels (n-2. n-1I)

Weak Desired Signal (-55 dBm): Cond i t i omdl}'

UfO :
UfO :
UfO :
UfO :

11 dB (Protects 99J of repre~i"lIted p",pulation)
16 dB (Protects 90J of represellted population)
17 dB (Protects 80J of represented population)
21 dB (Protects 50J of represel,tea population)

Mudt:I'.:It~ Oesired Signal (-35 dBm):

UfO :

UlO :

UfD :

U/O :

6 dB (Protects 99J of repre.:ic):tcd population)
10 dB (Protects 90J of represellted POtlUJation)
11 dB (Protects 80% of represelltea population)
14 dB (Protects 50J of represel,ted population)

Str'l)I,,- /Ie-sired Signal (-15 dBm):

lJ D : -9 dB (Protects 99~ of repr'e::ielittd ~CJplJlatior.)

ll, D : -4 dB (Protects 90~ of repr~sel'tfd pbpGlatior, )
U/O : -2 dB (Protects 80% of represerited pvpulation)

.... UfO : 1 dB (Protects 50~ of represented popuJation)

lnt€'I'mv:J.d.::ltion Channels (n+2, n+!l) Dominated
bv H~lf-l~ Channel (n+!l).

W~Qi. !:esi red Signal (-55 dBm): Condi tioflelly

U/1J : -8 dB (Protects 99~ of repre::;~r,ted population)
U/O : 2 dB (Protects 90% of repre$erited population)
UfO : 5 dB (Protects 80% of represented population)
UfO : 12 dB (Protects 50J of represented pOpulation)

M0u·.:L.te Desired Signal (-35 dBm):

UfO :
UfO :
UfO :
UfO :

•
-9 dB (Protects 99% of represe~ted population)
-2 dB (Protects 90% of represented population)

1 dB (Protects 80J of represelltea popula t i on)
6 dB (Protects 50% of represented population)

.::itT'OIlf, Desired Signal (-15 dBm):

UfO: -12,dB (Protects 99~ of repre.:iCllted population)
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U/D = -6 dB (Protects gOJ of represented population)
U/D = -4 dB (Protects 80J of represented population)
U/O = 0 dB (Protects SOJ of represented population)

..
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