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Summary of Report

This section of the study was undertaken to ascertain
the subjective effects of ghosts in televigion pictures
and the effects of multipath propagation on FM reception.
The testlméterial, which was pre;recorded, was generated
using normal transmission and reception equipment
interconnected by means of a multipath RF cable matrix..
The echo or delayed radio path was varied over the range
C.S u.Sec. to 5.0 d.Sec.,relative to the directirecéption
path. These pathé were also varied in amplitude in 5 4B
increments between -10 dB and -40 dB and, in addition, the
instantaneous RF phase was ad justed to provide both positive

and negative echoes.

The TV program material was selected‘to provide both
critical and non-critical test sequences. Typical mixed
program sequences formed the basic material used to derive

the TV ghost subjective grading equations.

A small group of 'Expert' viewers evaluated the test
material initially and the results were subsequehtly used

for control purposes. -
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The major TV subjective tests utilized predominantly“
non-expert observers who were considered to be more

typical of average viewers.,

The intial FM subjectivé tests indicated that little
subjective impairment.reSulted at echo levels and delays
which caused major impairment to TV recéption.t Therefore,
an objective test phasé_was substituted to obtain the

required FM grading equation,

The new television test material provided in excess
of 5,000 data pairs and the resulting statistiéal analysis
exhibits a high degree of confidence. The results of the
regression analysis phases were reduced by non«linear-

slope fitting techniques to two basic grading equations

for the 'Expert' observer group and the 'Typical' observer.

group.

These equations together with the objective FM impairment

equations"have been prepared as a software package for the

T.I. SR=-59 Calculator/Printer, The results are also shown

graphically in Figures 19, 20 and 29 of the Appendix to this

Report.
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It is intended to incorporate the FM and TV impairment
equations into the ghost prediction study which.is now
in process. Récommendations regarding 'Standards' and
'Prdcedures"relating to ghost o: multipath impairment

are contained in this report.

K %G‘W\ACL\.J

‘E. W. HorrlganK'P Eng.
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TV & FM MULTIPATH INVESTIGATION

1.0 Introduction

This study program was commissionéd by the
Department of Communications under DSS Contract No.
36100-~7-0615 to: |

a) assess the validity of existing criteria

. and methods of evaluation, predicting and
computing multipath distortion on TV and FM
transmissions:

b) to set up, conduct and énalyée subjective
assessments of impaired transmissions;

c) to make recommendations which will assist
the Department to establish 'St;ndards' and
'Procedures' in reséect to tele&ision and FM
radio multipath'impairment.

This first report deals specifically with ﬁhe
subjective and objective test program and analysis
of television 'ghost' and FM multipath distortions.

The results of the éubjeétive television ghost

phase have been condensed to two easily applied
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equations covering the "Typical Viewer' and ;Expe:t
Viewer' opinions. | | |

The Appendix to.this réport contains the graphs,
histograms, tables of results and methods of

calculation.
2.0 Method

2.1 Qbservers

. The judges were selected to ensure, as far as
possible, that they were typical of the viewing public
and included engineers, engineering teéhnicians, factory
and office wotkers, administrators, teachers and -
students. About 25% of the judges were women; A
total of 162 subjects tbok.part in the test_seriés and
792 'Test Series' ballots containing over 5,000

data-pairs were analysed.

2.2 Grading Scale - Television Ghosts

»Balloﬁ forms were prepared using a five point,
gquality scale based on the CCIR Recommendation No. 500
(Geneva 1974) Figure 1 of the Appendix.

2.3 Ghost Generation - Television

It was a requirement of this study program that

the television 'ghost' impairments be fully



| E.W. HORRIGAN & ASSOCIATES LIMITED

-3 - ‘

representative of situations which could result

from the location of radio tbwers in proximity

to existing television stations. Therefore, provision

was made to provide single and multiple RF echoes

in the amplitude range of 1% to 32% (-40 to -10 dB)
at delays between 500 f£t. and 5,000 ft. (0.3 uS to

5 uS) relative to the direct signal. In the TV study
program this was accomplished by using ﬁ low=power
TV transmitter operating at Channel 6 feeding a Rf
delay matrix consisting’of various lengthé of

high quality co-~axial cables. These various paths
were recombined via RF attenuators and phase shifters
to provide the desired 'ghost' parameters at the

input to a Channel 6 demodulator.

A block diagram of the system is shown in

Figure 2 of the Appendix.

2.4 Test Material - Television

The low-power television transmittér was
modulated by master program tépés prepared by the
Ontario Educational Television Authority using
excerpts ffbm three days of normal production

material.
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These first generation masters contained sports
activities (Olympic Running, Polo Games, etc.),
Studio Shows, Drama, Cartoons; Outdoor Scenes and
Captions, etc.

The ghost impaired demodulated tést signals
obtained via the co-axial delayvmatrix were edited
and re-recorded on 3/4" wvideo tape for use in the
subjective-tést phase. |

Test Tape No. 1 used a mixed program format

‘consigting of Sports (Olympic Track_Running), Captions,

Studio Interview and Cartoon Clips with an individual
test duration of 90 seconds. This short program
mix was repeated for each of the Test Series lA-F

to 5A-G. Test Tape No. 2 contained Test Series 6A-~F

+0 10 A-G and also used 90 second duration format,

However, this group of tests used specific master
tape program activities as follows:

Test Series - Polo Game;

-~ Drama: _ ,
- Outdoor Colour Stills:
Test Series - Studio Show:

Test Series 10 - Colour Qutdoor Scenes and
: some B/W Stills which were
judged to be of a very
non-critical nature. '

Test Series

Test Series

w oo 3 o
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Each Test Series used a fixed ghost delay

as follows:

Test Series - 5 uSec;

Test Series - 1 uSec;
Test Series 2 uSec;:
- 0.5 usec;

- Three Ghosts at
1, 2 & 5 uSec;

Test Series

(7 N SN 5V B (S I
|

Test Series

Test Series 6, 7 & 8 = 5 uSec;
Test Series 9 - 3 uSec;

Test Series 10 - 2 uSec.

The ghost polarity was discretely switched'from
a full positive to a full negative format during
each test program. The ghost ratio was changed for.
each test in each specific series in a non—seﬁuential
manner, This avoided anticipation effects and also
‘acted as a confidence check §n voting patterns.
Ghost levels based on 5 4B increments were used for

this test program. Test Tape No. 3 was an objective
ghost test tape using composite test waveform

material.

2.5 Multipath Signal Generation - FM

A similar technique to that described in
Paragraph 2.3 was used to generate the FM multipath

distortions. The television modulator/demodulator



combination was, in this case, replaced by a FM
exciter and high quality FM monitor receiver system.,
A block diagram of this system is shown in Figure 3

of the Appendix.

2.6 Test Methoed - FM Radio

A subjective stereo test tape was made containing
material judged to be susceptible to multipath.
interference. (Clear Male Singer with Guitar and
Orchestral Accompaniment.) This material was used
to modulate'the,FM transmitter and the results were
re-recorded for various delays and echo ratios.
However, within the amplitude and délay range of
interest the impairment was judged by the investiéators
to be too insignificant to solicit a positive listener
reactioﬁ. Therefore, the FM subjective test program
was replaced by an objective single tone evaluation
of‘harmonic distortion, channel separation, SCA

distortion} and cross-talk under multipath conditions.

2.7 Viewing Conditions ~ Television

The subjective test program was arranged as
relatively small group sessions (approximately 10
observers to a group). In some cases up to six

colour monitors were fed from the same V.T.R.




This arrangement ensured that, in general,jvieﬁiﬁg
distances were typical of the 'home' environment
with a picture height to distance ratio range of

6 - 8. Subdued lighting was used in the viewing
area but no measurements of average intensity were
made. However, in all cases adequate picture
contrast was available while maintaining‘Sufficient

ambient illumination for ease of ballot marking.

2.8 Test Procedures

Twelve separate subjective test sessipns were
held with a total attendﬁnce of 162 observérs.

The purpose of the tests were explained to the
obéerVers prior to the start of these sessions and
a demonstration test was run showing the unimpaired
program and. also large (-15 dB) negative and

positive ghosts impressed on the same material.

The 'Grading' system and the ballot forms were discussed

and any questions answered before the running of the

test tapes. The viewers were requested not to
identify themselves on the baliots. No attempt was
made to evaluate the differential between positive
and negative 'ghosté' which were alternated at

suitable intervals during each test. Therefore,
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the subjective assessment would tend to the worst

case.

2.9 Control Tests - Television

In order to achieve a !'control! standard for
the television subjective test series a small group
of 'éxpert' television engineering staff (9) were |
selected from the viewing population, These
subjects were well acquainted with picture quality
assessment:and therefore it was considered that they
could provide a more critical analysis of tglevision
ghosting which could be used for reference purposes.
The resulﬁs of this test series were classified és

"Expert Grades".
3.0 Results

3;1 Analvsis of Primarv Data - Television

The primary data for each test series were

grouped in'hiStogram form (Figures 4 - 8) and a mean

score was calculated for each picture condition
as shown in Table 1.

The distributed data for each test series was
also processed in conventional manner to obtain.

least squares £it linear regression lines;



product-moment co—efficiénts of correlation:

and standard estimates of.er;or. These characteriétics
are also shown in Table 1 and graphically in Figu£es

9 - 18 of the Appendix.

The linear regression e@uaﬁions for the various
echo delays provide a Grade versus Ghost (dB)
relationship of the form:¥

‘Grade = -mx + b

where m & b are constants
and X = Ghost (dB)
for each ghost delay value,

These various :egression equations were theﬁ
fitted by a slope search technique to a logistic
curve of the form:-

m!' X 4+ b! where

-0.637 - -
m' = 0,143 e td td = echo delay

: ’ in uSec.
b' = 6,65 e td x = Ghost (dB)

The experts' ballots were analysed in a
similar manner and fitted to a logistic curve.

of the form:-
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m'x 4+ b' where

0.152 e Td

2
i

- 0.40
b = 7,03 e tad

P Ghost (dB)

td = Delay ( us)

Working equations were assembled for‘usé in
computer or calculator programs where the ghost

amplitude and delay are known or can be computed.

General Equations:- -

Viewing Population Sample:-

- 0.637 ‘ - 0.475
Grade = (0.143 e T ) (Ghost dB) - (6.65 e g3 )
Expert Viewer Sample:-
Grade = (0,152 9 ) (Ghost dB) ~ (7.03 e 9

These equations are shown graphically for several
'tGrades' of impairment in Figures 19 & 20.  For
comparison purposes the group mean value scores ére
shown on the regression lines in Figures 9 - 18 of the

Appendix.
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3.2 Accuracy of Resulﬁs‘

'Null Hypothesis' tests using the 'Chi-square!
distribution conducted on the primary grcupéd data
indicates a very strdng dependance ktetween the
ghcst.leveis and the subjective grading > 99%.

The 5 uSecond delay mixed program linear
regressicn line used és a base for the general
ghost equation was tested for 'Goodness of Fit!
Felative to the grcuped means using the !'Chi-square!’
distribution. This gave a 'f£fit' figure exceeding
95%. | |

The product-moment correlation co-efficients
for the various derived regressicn.lines are  shown
in Table 1.

The co-efficients for the distributed primary
raw data range from r =-0.89 fér the 5 uSeccﬁd
data to r =-0.45 fcr the 0.5 uSecqnd data. The
correlation co-efficients for the,grcuped means
relative to'thé va:idus regression lines are also
shown in Table 1. These range from =-0.99 |
for the 5 usSec. regressicﬁ line to =-0.95

for the 0.5 uSec, regression line.
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3.3 FM Multipath Measurements

The impaired stereo subjective test tapes were
found to exhibit little, if ény, apparent distortion
at ghost levels of ~15 4B or greatef within the
delay range 0.5 uSec. to 5.0 usSec. | o

Similar tests made by the BBC Research
Department indicate that multipath is not a problém
at delays of less than 25\seconds.; |

In view of the apparent lack of subjective
réaction to multipath interference wiﬁhin the
aﬁplitude and delay range of interest it was decided
to substitute an objective and theoretical
evaluation program for the subjective test program
originally envisaged. |

The results of the objective measurement
program are contained in Table II of the Appendix
to this repoft. These results are also shown
graphically in Figures 21 - 3l.

A theoretical analysis is covered in Section 3.4

of this report.

L. R. V, Harvey, IEE Paper No. 3221, March 1960
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3.4 FM Distortion Caused by a Delayed Signal
In 1959, R. V. Harvey of the BBC investigated

FM multipath propagation distdrtion and published

an appraisal of its subjective effects in Paper No.
3221 dated March 1960 of thevInstitution of
Electrical Engineers. The Harvey investigation
dealt with echo delays considerébly longer than those
of current interest and not representative of
re-radiation problems from structures adjacent to

M transmitting anténnas. However, the general
approach is épplicable to the current study_proqtam
and will be used to obtain theoretical values of
total harmonic distortion for comparison purposes.

A similar theoretical analysis of multipath
distortion is given by P. F. Panter in "Modulation,
Noise and Spectral Analysis" published by McGraw-Hill
in 1965, .

A delayed echo produces unwanted amplitude and
phase modulation of the received FM signal, as shown
in Figure A. The direct signal is considered to have

unit amplitude and the echo signal(a) will add

' oy Y B

Fizure A.Unmodulated Carrier Figure B, Modulated Carrier
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vectorially giving a resultant total amplitude A

dependent upon the relative phase and amplitude of the
echo signal. When the FM carfier is modulated tﬁe

vector diagram takes the form of Figure B. The-
modulation component of the direct signal can be
represented at the phase deviation g (t):where figuré.B
shows the vector relationships for the time instant (t.

The echo signal‘haé beén deléyed by the time Y and
consequently has changed in phase"by g (t ;;T). Therefore,
the angle Je can be considered as the phase error or

phase distortion of the composite received signal.

Where a < 1, a gquasi-stationary approximation results in:-

1+3c03[¢o+¢(t—"\’).-¢a RS ¢ B
asiﬁ{ﬂo'.,.ﬂ(t-"{)-ﬁt] Cereenn e (2)

A(%)

FJ10!

The distortion appearing at the output of the FM
discriminator will be proportioned to d/dt f_(t)

which is defined as the distortion term Gle(t)

©,(0) =2 cos [ +8 (& - - 5] | B
| x[w( t-1) - o] e reeenierereeens (3
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This assumes that sufficient AM limiting exists
in the demodulator to exclude AM contributions to the

distortion process,

The aboveé equations are general in respect to

modulation waveform. However, these calculations are
being made for comparison purposes in respect to
distortion measurements made using a single simple

sine-wave modulation of the FM carrier

Therefore:

e (t)
g (v)

4 cos pt

gd sin pt

-

Where ;ZSd = (_g“}/p'

P = angular modulation frequency

Wwd angular peak deviation
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For simple sine-wave modulation‘equation (1) becomes:

Alt) =1 = a 003»[¢0 - 2ﬂd sin % ﬁﬁ'cosAp( 5 -&ﬁ’ﬂ

= a cos [,00 - 2/p (sindp Y)W ( t -;’:5;"!‘)1 B -9

The FM distortion term of equation (3)

becomes W 4 {cos p(.t -7) - cos pt]
= M%sh1ﬁﬁsh1w t -37Y) .u.“.n.“.u.“.Q.“.Js)

From equations (3) and (5) the peak amplitude of the
distortion can be derived. At some instant (t) these

equations reduce to:

We(t) = 22034 sin Y

The average percentage distortion of this sine-wave

modulation can be expressed as follows:

of

Distortion (%) = [2 204 sin 307 x 100 = %
‘ W4

]

141.% a sin 3pY

Table IIT and Figure 29 show the computed results

for several echo levels and delays}
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3.5 Comparison with Other Studies

It is not possible to make a direct comparison
with previous studies because of major differences
in program material, television standards, grading

scales and types and number of observers, etc.

This study made no attempt to evaluate the
obvious differential effects of ghost image polarity
as this was considered to be of academic interest
only. The viewer has no control over the ghost
polarity wﬁich is dependent upon differences in
direct and reflecﬁed RF signél phase at the reception
point. Therefore, both polarities were used in all
tests to obﬁain a worst case assessment.

The work of Allnatt and Presserl°1965, Lessman2‘1972.
and Corbett and Allnatt3'1974 were studied.. The
Lessman studyz'used a 7 point grading scale and still
colour pictures for the subjective test program. The
Allﬁatt and Presser study used a Svpoint grading
scale similar to that used in the study and 625 line
still colour pictures. The Corbett and Alinatt3°5tudy

also used a5 point grading scale and 625 line still

colour pictures.
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The mid-opinion (Grade 3) results of our tests
at 2 uSec. delay were foundﬂto be 21.0 dB for the .
program mixture test (Test No. 3). The Corbett and
Allnatt figu:es for a mid-opinion negative echo at
2 uSec. was 13.7 dB and 21.1 dB for a positive echo

of similar delay.

‘The mid-opinion average‘bicture gradé given in
the Allnatt and Presser study for a 2 uSec..delay
is given in 21 dB for colour stills. Lessman's
mid-opinion values for é»2 u.Sec. delay are 22.7 dB
and 25.5 dB respectively for negative and positive

echoes,

At echo delays that are less_than 2.0 uSec. the
results of this study show greater differences with
decreasing delay indicating that the observers uSed were

less critical than those used in previous above-mentioned

tests. A comparison with the Christopher results,

which are assumed to be based on'the threshold of

visibility, and the similar impairment condition herein ' |
defined as Grade No. l.5 indicates reasqnable

correlation exists.
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A similar comparison was made with the averaged
results of the Corbett and Allnatt, 1972, 1/8 imp grade

impairment. This 1/8 imp curve falls between limits

set by the 'Expert' Grades 2 - 2.5 over the delay range

0.5 to 5.0 u. Sec.

The short echo delay (< 2 uSec.) résults obtaiﬁed

with the 'typical viewer' samples are much more tolerant

to impairment than the 'expert' opinions cited above.
This is very possibly the result Qf prior conditiéning
of urban area viewers who normally see a multiﬁude oL
short delay echoes on their pictufes which are possibly
a product of their high-rise(,big-city environment_and',

mediocre receliving systems.

4,0 Conclusions

4,1 General -

This study has shown_that ttypical viewer" and
texpert viewer" subjective‘opinions'of ghost-impaired'
televisibn reception can be objéctivéiy related to
mathematical expressions or graphs suitable for
incorporation into 'Standards' and ' Procedures'

concerning antenna towers adjacent to television

radiators.
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It has also shown thét typical.urban area viewers
are more tolerant to short delayed ghosﬁs than was
anticipated ffom a study of 'expert' opinions.

This study has also provided data relating to
multiple ghosting impairment, grading scales, program
material effects and the need for more accurate
objective measurement techniques for ghost level

evaluations in the field.

The results of the FM Multipath study show that ‘\
echo levels.and delays typical of thoseAénticipated
from antenna towers adjacent to FM radiators are very
unlikely to cause any listener reaction. Tests made
even at unrealistic echo levels produced no
'expert-liétgner' reaction within the delay range
investigated. Discussions with the BBC and IBA staff
indicate that large echoes at delays of several
kilometers are required to invoke a positive listener
reaction. The conditions required for such muitipath
signals are more related to aircraft flutter'o:‘large 
topographical ebstructions than to adjacent towers.
Therefore, an objective FM multipath distortion

measurement program was substituted for the subjective
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test program originally envisaged. The objective
test results indicate that FM radio is littie
troubled by ghost levels which would be considéred
inﬁolerable»in TV reception. The objective‘test |
results in respect to indicéted total harmonic
distortion at highef modulating frequeﬁcies- 2=5.KHz
are not a true measure of harmonic distortion. The
harmonic spectrum of typical multipath distortion
has' been shown by Harveyl‘to favour the higher order
harmonics; therefore, above 5 Kﬁz the band-limited
audio respdnse of typical receivers and measuring
instruments would reject these éom?onents..
Consequeﬁtly, the results obtained in this objective
program are extraneous non-fundamental components
within the 15 KHz passband which are either impulse
spikesz’orVintermodulation components aﬁd not true

harmonics.

The measured noise and/or distortion results
in the main channel are very similar to those -
calculated by Harvey's equations allowing 7 - 8 dB

discrimination due to the emphasis/pre-emphasis

1. R.V.Harvey, IEE Paper No., 3221 March 1960

2.‘ P.F,Panter, Modulation, Noise, and Spectral Analysis Fig.ll=-3
T MeGraw-Hill, 1965 . S
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characteristics. The noise and/or distortion

measurements on the stereo channels appéar to

fit within the limits of the basic equation shown

~in Section 3-4. The results of the stereo tests

indicatée that the noise and/or distortion measured

is not directly related to modulating frequency

but is a function of echo delay and modulating

frequency within the delay range investigated.
However, it is considered that the basic FM equation
for non-fundamental extraneous componenﬁs has some
validity in defining limiting values of echo
amplitude in stereo FM applications.

4.2 'Typical Viewer' - 'Expert Viewer'! Grading

The 'typical' versus 'expert’ viewer grading
results derived from the two best-fit logistic
equations are shown in Table A. which follows;,

For Impairment grades conside:ed acceptable
(1.5 - 2.0), insignificant differences exist at
echo delays in excess of l.O_u,Seccndf however, a
considerabie'differehce is indicated at delays in
the fange of O.S u.Sec. as shown in the following

table:
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_TABTE A,

Delay . Grade 'Expert!’ 'Typical! E Diffsrence
u. Sec. No. - Grade dB. Grade dB. d8.
5.0 . 1.5 | 36.21 - 36.02 -0.19
5.0 2.0 - 32.56 32.05 - 0.51
3.0 1.5 36.04 : 35.95 - 0.09
3.0 2.0 ‘ 32.17 * 31.63 - 0.4l
2.0 1.5 35.77 35,75 - 0.02
2.0 2.0 S 3157 30,94 - 0.63
1.0 1.5 34.50 - 34.03 - 0.47
1.0 2.0 29.13 27.70 - 143
0.5 1.5 29.01 . 25.52 - 3.49
0.5 2.0 20.31 _ 13.02 - 7.29

4.3 Multiple Ghost Grading - ,

The multiple ghost tests showed that in all cases.
the ghost of longest delay (S u.Sec.) was the
govérning factor in Subjecti§e grading.
The ghost polarities and amplitudes were all
varied in a non-sequential, non-coherent manner for
vthe three ghosts used in this test series. The
correlation cbefficients obtained from the subjebtive'

test ballots approached one~(l).for the more délayed ‘
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5.0 u.,Sec., ghost and zero for the 2,0 u.Sec. and
1.0 u.Sec. ghosts regérdless*of amplitude or phase.
Therefore, as expected the more delayed and distinct
ghosts are the most objectionable. However, the
multiple ghost grades were slightly more critical
than similarly ghoét—impaired single ghost grades.
The difference being about -1.5dB at Grade 2 and

4,4 Program Material Grading
| As anticipated, sports activities Were more
degraded by ghost impairﬁeﬁts th#n were studio shows,
pléYs or still outdoor scenes, as shdwn in Figure 14
and 1lé6. |
At ghost impairments le&els conéidered acceptablé

(Grade 1.5 - 2.,0) the difference between general

‘program material and sports activities do not exceed

about 1.0 dB on average.

4,5 Grading Scales

It is considered that the CCIR 5 level grading
scale is too coarse a scale to provide an adequate.
assessmént of picture quality impairment. It was found

necessary to use half grades for the analysis of the
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subjective data and to provide meaningful

recommendations for its use.’

4,6 .Obijective Ghost Measurement Technigques |

Objective TV ghost measurements using the
pulse and bar or window signal only provide a valid
ghost level evaluétion when the direct signal/ghost
signal RF bhase relationship is approximately'Oo or
180°.

This limitatibn did not cause any problem
during the ghost generation phase of this study
because compleﬁe control of ghost signal RF phase
was available and furthermore, the direct and ghost
signals could be measured independently. However,
in field measurement programs where the two signals
cannot be separated this method of ghost measurement
will yield erroneous results in the majority of
situations. Assuming that a ghost RF phase of
0° 15 and 180° f15° relative to the direct RF can
be considered as either é full positive or full
negative ghost and consequently a‘valid measurement
standard, it can easily be shown that inVaiid
results (underestimations) will occur in ~~ 83%

of the situations so measured.-:
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4.7, Lumipance andChromanance Effects

The echo delays of inEereét to this study program
(0.5 u.Sec. to 5.0 u.Sec.) ensure that distortions |
occur in the back-porch colour-burst reference signal.

The added echo signal then level shifts and/or phése'

shifts this reference signaldépendentupon the

relative RF amplitude and phases of the direct and
reflected signals.

It was found possible to so adjust the phase of
a large echo signal so as to almost compleﬁely'cancel
the step signal (luminancechange) caused by the echo
(echo phase ~s90° relative to direct signal).
Monochrome transmissions made under these conditions
were found to be quite tolerable with only a faint
outline visible in the ghost area. However, colour
transmissions under the séme'conditions were found to
be unacceptable because a considerable hue and
saturation effect produced a véry visible ghost.
This would appear to suggest that ghosting can produce
significant overall colour shift on a viewer's

receiver even when the actual ghost level is tolerable.
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It would also indicate that ghosting will have
more effect on the NTSC system than on the PAL

system which should cancel out moderate hue shifts

. caused by multipath reception.

4,8 FM Multipath |

This study program has shown that FM multipath
interfefence is a minor impairment to FM receptioﬁ
in the echo delay and ampliéude range representative
of towers adjacent to the FM radiator.’

Objective measurements indicate that echoes more
than 15 dB below the direct signal will have negligible

effects on FM reception..

5.0 Recommendations

5.1 Acceptable Television Ghost Impairment Grades
(Standards)

It is considered that this study has produced an
easily applied unified method of specifyiﬁg ghost
levels which can be incorpofated ;ntof'Standards'
and 'Pfocedures' and/or"Notices to Broadcast

Consultants'.
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It is recommended that the following proposed-
minimum standards be considered for promulgation

by the Department of Communications:-

a) Major Television Stations

i) Minimum "Standard":- <Grade 1.5 Impairment for
' 75% of Population covered
by Service Contours.

ii) Mlnlmum "Standard"'- ZGrade 2.0 Impairment for

25% of Population covered
by service contours.

b) Limited or Drop-In Stations

‘1) Minimum "Standardv:;- € Grade 1.5 Impairment. for
50% of Population covered
by Service_Contours.

ii) Minimum "Standard":- <7Grade 2.0 Impairment for
: .50% of Population covered
" by Service Contours.

c) Low-Power Television Stations

i) Minimum "Standard":- € Grade 2.0 Impairment for
75% of Population covered
by Service Contours,

ii) Minimum "Standard"-- €Grade 2.5 Impairment for
25% of Population covered
by Service Contours.

d) Mini-TV Stations

i) Minimum "Standardh:- <€ Grade 2.5 Impairment £or
‘ 100% of Population covered
by Service Contours.,




E.W. HORRIGAN & ASSOCIATES LIMITED

- 29 - '

5.2 Method of Calculation (Procedure)

i) Ghost Prediction:-—

The echo amplitude and delay will be
calculated by a method accéptable or
specified by the Department of Communications.

ii) The Impairment Grade will be computed by
means of Figure 19 or»by usé of the

'Typical Viewer' equation:=-

Grade = [(_0.143 e 0—5317 Y(G) - (6.§5' = __9_415.]

Where td = Ghost delay in
A Seconds

¢ = Ghost level in dB

5.3 Acceptable FM Multipath Levels

i) Procedure'—
Echo amplitudes and delavs will be -
calculated by a method acceptable or
specified by the Departmenﬁ of'Communications.

ii) Minimum Standard:-

2 29 noise and/or distortion calculated by

means of Figure 29 or as follows:

-

Ghost (d8) = 20 Logjq ‘\141 Z s:Ln(1 5

Where td = delay (u.Sec.)
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6,0 Areas for Further Studv

6.1 Prediction Methods
This area of the study program is currently

under. investigation and it is anticipated that a

report and computer soft wave pragram will be made

available in the near future,
In the interim period it is recommended that
the BBC Knight/Hill methods be used for calculation

purposes.

6.2 Ghost Measurement Techniques

It is recommended that a thorough study be made
of objective measurement techniques for 'Ghost!’
évaluatidns under field conditions.

The use of bar or window signals in'test‘transmissions
will yield results which will in all probability grossly
under-estimate the true ghdst situation. -Consequently
such surveys should incorporats an associated‘subjective
assessment which is undesirable for objective or ‘
enforcement purposes. |

1K' rating methods have potential for ghost
‘evaluation purposeé aS'haVeftwo‘frequency.test signals

and colour burst spectrum response techniques.
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TABLE T
TV GHOST STUDY - SUBJECTIVE TEST ANALYSIS
Test Series Test 1 Test 2 Test 3 Test 4
Type of Typical Typical Typical Typical B
.Observers iewers | Experts |Viewers | Experts | Viewers| Experts Viewers Experts
Echo Delay 5 u.Sec|{ 5 u,Sec |1 u,Sec 11 u.sec| 2 u.sec{ 2 u.Sec| 0.5 u.Sec| 0.5 u.Sec
Echo Level 4 -
-40 dB 1.13 1.11 1,13 1.0 1.14 1.11 } 1.11 1.11
~35 ap 1.58 ~1.49 1.42 1.49 | 1.45 1.49 . 1.38 1.22
~30_das 2,18 2.44 | 1.64 | 1.88 1.77 2.11 | 1.43 1.49 Group Mean
-25 dn 2.85 2.88 2.11 2.44 2.25 -2.71 1.6 1.88 Scores X
~-20 dn 3.51 4,0 2,58 2.77 3.16 ' 3,22 1.66 2.0
~15_dn 4,41 4.33 3.21 3.33 3.87 4.11 2.1 2.44
N = Data Pairs 552 53 552 53 552 . 53 552 53 b
No. of Observers 92 9 92 9 92 9 92 9 i~
]
Program
Test Material Mix L
Mo. of Ghosts 1 1 1 1 1 1 1 1
ngiiéigiizﬁ_?ﬁaw> ~0.89 ~0.78 ~0.86 ~0.45
Coefficient of , ' ' :
_“Qgrrelagjgn_iMeans)—0.995 ~-0.99 -0.984 ~-0,998 ~-0.986 -0.994 -0,958 -0.986
| slope- (m) -0.126 ~0.1375 ~0.076 | -0.092 | -0.106 | ~-0.1191 ~0.04 20,0536
Intercept (b) 6.05 6.49 | 4.00 4.67 | 5.23 | 5.174 2.60 3.16
| (Sx) Raw Data 3.9 dB
(sx) Meaﬁé o 0.85 dB
Ngll llypothesis >_99%
X
.if(t)lj;'znean > 959




TABLE I

TV GHOST STUDY - SUBJECTIVE TEST ANALYSIS (cont/d.)

Test Seriés Test 5 Test 6 Test 7 Test 8 ' Test 9 Test 10
Type of Typical Typical] Typical Typical Typical Typical i
Observers : Viewers |Viewers| Viewers - ~Viewers Viewers Vf;wers
Echo Delay 1,2,5 5 u.Sec]| 5 u,Sec 5 u.Sec 3 u,Sec 2 u.Sec
Echo Level ' , ,
~40 aB - 1.13 1.12 1.17 1.13 1.1
-35 aB 1.71 | 1.47 1.59 - 1 1.3 _1.28
-30 as 2.51 | 2.14 1.97 1.88. 2.23 1.5 |
-25 ap 3.43 3,16 2.51 2.37 2,76 2.02 | Group Mean
-20 dp | 3.91 | 3.89 3.48 2.84 3.63 2,51 | 5Sores X
~15 4 | 4.8 | 4.63 4,24 3.57 4,27 '3.24 ',{ﬁ. B~
N = Data Pairs 268 408 408 S 340 408 - 408 -
No. of Observers 67 | e8 68 68 _ 68 68
Program | Polo Drama ' Still Studio Non-critical
Test Material Mix Game | Show A Colour Show Outdoor & B/W
Landscapes - '
No. of Ghosts 3 1 1. 1 - | R : 1
coefficient of N A ' ' )
correlation (Bfﬂl"w.~_f0'89 4 - -0.90
Coefficient of ' T N ) - :
Correlation (Means) -0.992 -0.152 | -0.985 | ~0.989 -0,997 -0,972
Slope (m) ~-0.150 -0.152 1 -0.1283 - -~0,0953 ' -0.1256 ~-0.0866
Intercept (b) 7.03 6.94 | 6.02 4,84 6.03 T 4.36




F.M, Multipath Delay Test Program

Test No.: 1A - I ‘ Objective Test Sendes . - | Date: May 1978
TABLE II
Audio Test Ghost Ghost Monauwral Stereo S.C.A. Stesneo System Addi{tional Re e
Frequency Levet Defay ‘ D&@onuoon %&ggffg«ﬁono | Distortion| Separation C/{omtaﬂz Ebbaf\;ﬁifﬁﬁff on
etz dR y cpn [ Noise % 1& BO !m’{' & Noise % dB {8 & St
| No _Ghost 0.5 0.8 |0.8 31
— _J0 0.5 0.8 | 0.8 3 /
-30 0.5 0.8 (0.8 31 The observed percentage
25 0.5 0.8510.85] 31 of distortion was the
100 =20 5.0 0.5 2.2 12.3 31 sum of all extraneous
-15 ~ 0.5 3.8 3.8 30 products in_ the band
6| 0.5 | 6.2 |6.3 28 | 25 - 15,000 Hz.
5 0.5  112.0 [13.0 22 |
0 . 0.55 18,0118,0 %g 1%
108t 0.55__ | 0.510.5] 2.0
_ﬂg:_?(; : 0.55 0.5] 0.5 2.0 32 45
230 0.55 0.5] 0.5 2.0 32 44
25 , 0.55  |31.25]1.25 2.0 32 44 {
1,000 |20 5.0 0.6 2.0 {2.0 2.2 31 43 W
. -15 0.7 3.2 |3.25 2.2 30 43 .
=0 0.7 5.8 |6.0 2.3 29 41
= " 0.7 ___li2,0 |12.0 2.5 23 40 .
0 0,75 0.0 [20.0 3.0 ~ 19 30
No Ghost 0.8 - _|0.6 | 0.6 31
—49 op_ l0.6 | 0.6 31
-30 0.9 0.6 { 0.6 31
' —<2 0.9 0.9 | 0,9 31
5,000 20 | 5.0 1.2 1.2 1.2 31
-15 : ‘ 1.7 1.85].1.9 30
=10 2.0 3.4 3.5 28
-5 3,2 7.2 1 7,5 25
0 3.9 16.0 |16.0| 20
/ No Ghost 0.8 0.8 0.8 L 31 .
. Th0 0,8 [ 1.0 1.0 e 31
- =30 0.9 1.5 1.5 31
25 0.9 (1.8 [ 1.8 _ 31
10,000 J\ 20 - 5.0 1.2 2,0t 2.0 30
=15 1,15 2.8 3,0 29
=10 2.2 | 4.3 ] 4.5 25
-5 4.5  110.5111.0 20
0 6.4 20.07§20,0 11
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F.M. Muftipath Delay Test Proghram

Test No.: 2A - I Objective Test Series - bate: May 1978

TABLE II (cont/d.)

AF Z(fw Te».st G!: 0l Ghost Monawral Steneo S.C.A. Steneo System . Additional Remaihs on
equency Levet Delay Dx.Az?cmuon D&Mlgao)ﬁ tg g"% &DM/'CQA.U_OH Separation| Crosstatlh Observations
tentz dB pn | Moise % LGaurii, | Hoise ¥ dB dB ‘ ' _
No Ghost. 0.5 0.8] 0.8 31 ' Distortion measurements
=10 ’ 0.5 o.810.8 31 include all noise and
-30 0.5 0.8} 0.8 31 . extraneous products in
__25 U.5 0.8 0.8 31 band 25 -~ 15,000112.
100 ) 2.0 0.5 1.0].1,0.0 31 '
15 0.5 | 2.2] 2.0 31
= 0.5 | 3.,0]3.0 _ 30
5 0.5 4.5 | 4.5 _ 29
0 )
__No_Ghoat, | __0.5__].0.5]0.5 2.0 32 45
=40 ' 0.5 0.5 0.5 2.0 32 45
=30 ‘ 0.5 0.5) 0.5 2,0 32 45
-25 ' 0.5 0.65 1 0.7 2.0 32 45 !
1,000 -20 2.0 . 0.55 0.751 0,75 2.0 32 45 &
S T ~0.55 |0.85| 0.85 2.0 31 44 l
~10 0.55 11.5 |1.5] 2.0 30 a4 :
-5 ' 0.6 3.0 _13.0 2.0 29 413
5 :
" No Ghost - 0.8 - 0,6 0,6 31
- =40 0.8 0.6 0.6 31
~30 0.8 0.6 0.6 31
P -25 . 0.8 0.9 0.9 31
5,000 =20 2.0 0.8 1.2 | 1.2 31
~-15 : 0.9 1.5 1.5 31
-10 - 1.0 2.0 1 2.0 : 30
5 1.5 3.53) 3.5 28
0 .
No Ghost 0.8 0.8 } 0.8 31
~40 0.8 0.8 | 0.8 31
. =30 0.8 0.8 0.8 4 31
: 25 : 0.8 _[1.2 § 1.2 31
10,000 ﬁ -20 2.0 0,9 1.7 | 1.7 . 31
-15 ' 1.0 2,25} 2.25 30
-10 1.2 3.9 a0} 29
5 2.2 7.0 7.0 25
0
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TABLE ITT

CALCULATED FM MULTIPATH DISTORTIONS

l. Echo Delays: 5 u.Sec., 3 u.Sec.,, 2 u.Sec., 1l u,Sec.

2. Echo Amplitudes: 30 dB, 20 dB, 10 dB
3. Modulation Frequencies: "1 XHz, 5 KHz, 10 KHz
‘Main Channel
with
» _ Pre-Emphisis
Modulation Delay Ghost Equiv. Distortion
Frequency u. Sec. dB - dB %
1 KHz 5 30 S22 0,07
1 Kuz 5 20 12 - 0.22
1 KHz 5 10 2 ~ 0.7
5 KHz 5 30 22 ‘ 0.35
5 KHz 5 20 12 ' 1.1
5 KHz 5 10 2 3.5
10 KHz 5 30 ' 22. : 0.7
10 KHz 5 20 12 2.21
10 KHz 5 10 2 7.0
1 KHz 3 30 22 : 0.04
1 KHz 3 20 12 0.13
1 KHz 3 10 2 0.42
5 KHz 3 30 22 - 0.2
5 KHz" 3 20 .12 0.7
5 KHz 3 10 2 2.1
10 Kz 3 30 22 0.42
10 KHz 3 20 12 1.33
3. 10 2 _ 4,2

10 KHz .

.o cCONnt'd,

!
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TABLE III (cont'd.)

Main Channel

with
‘ Pre-Emphasis-
Modulation Delay Ghost . " Equiv,.* Distortion .
Frequency u, Sec. dB ds . %

1 KHz 2 30 ' 22 0.03
1 KHz ' 2 20 12 ©0.09
1 KHz 2 10 2 | 0.3

5 KHz 2 30 . 22 0.14
5 KHz 2 . 20 ' 12 0.44
5 KHz 2 10 2 © 0.4
10 KHz 2 30 22 0.28.
10 KHz 2. 20 12 0.9
10 KHz 2 10 2 2.80

1 Kz 1 30 | 22  0.014
1 KHz 1 20 . 12 - 0.044
1 KHz 1 10 2 0.14

5 Kiz 1 30 22 0.07

5 KHz 1 20 12 0.22

5 KHz 1 10 2 0.7
10 KHz 1 30 : 22 - 0.14
10 xHz 1 20 12 0.44
10 KHz 1

10 .2 1.4

"% Correction for Prefemphasis/De—emphasis characteristics -

“Main Channel
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STATISTICAL ANALYSIS DETATILS

The fbll‘owing equations were used to aﬁalyse the raw data obtained

from the television ghosting subjective tests:-

Mean of x arrav(X) = .SNL ' Where N = Data, Input Units
 Mean of v array(y) = b2y '
N .
Standard Deviation Z 2 (2‘::)2 T
of X array o (dx) = X - N
: N - 1 <

. M52 G
Standard Deviation _ N
of y _array ©y) = l_ N

-_ar_:.gns_e.gf_(d 2y = -&2}' 7

X _array N
2 =2
l@rl_a_ugn_ciGQy} = 2V -7
y.array N
; Zx2
Slope of Linear (;, _ Ly - 2T
Regression Line > _
S5t - &R
o N ,
y=Intercept  (b) | = Lr-nZx
. . _ dx
Correlation Coefficient (r) = m P
L 5‘ 1 - r2
tandard Error of (r T em——
Ssandard Brror of (x) C TR
< . _ 2 %
Standard Error of (X) (Sx) = dx (1-r°)
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Test of Hvpotheses

Analvsis of r bv k arrayv

Null Hypotheses

ey = n(®i/n)(Py/n) RIGY
2 .
PGP
. ij

Goodness of Fit

"
B
)

= observed cell freq.

B
o
H
o
B
|

Dégrees of freedom
= (r-1)(k-1)

Where:degrees of freedom = k-3

‘estimated cell freq.
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o

tests are teing made to ascertain the subjeciive effect
ghosts! in television picitures.

s of

the

the

t! image can

on your

Tresent.

Chosting is a2 form of picture impairment in which an echo of
original picture appears displaced cn the right nand side of

“ube. The pssition and trightness of the echo or. 'ghest

adversely affsct ithe viewing pleasures of television. Therefore, we
are attemgting Sc find an acceptable level of ghesuing based
rezcticns to the deliberaztely impaired pictures we shall now

The bellot forzs have !'Check Boxes! against five different descriptions
£ impairment ranging from "No Visible Ghost" to "Not Worth Viewing"
Tour task is %5 visw & test run and then tick the box which most closely
describes your reaciion to the deliberate 'ghost' impairment we have
added to the test program. '
The fesis will be ideniiflied on your screen so thal you can relate
your tallot %o iits corresponding test run. The "finish" of each test’
will alsc bs shcwm on the tube znd a subseguent brief interval will
allov time for yeu to mark your tellct before the slart of ‘the next
test.
The first test run is not to be marked a2s it is only a previsw of the
progran you will be judging.
Please note that in different tests the ghosis will not always eppear
at the same distance from the original picture and furthermcre they
will vary in their degee of severity and appearance. Just reccrd

your general reacticn to these various ghost impairments in accordance
with the descriptions on your ballots.

I7 you have any questions please 2z
the test program or during any

Thank you for your assistance in
impairments in <elevisicn pictur

b " . D -
Z. V. Horrigan, P.Zn
-
o

the marking pauses beiween

Ry

sk the demeonstraitor before wz stari
T n

the tests.

helping us %o evaluate 'ghost!
- =)
s .




' PAGE 1
‘ TELEVISTON "GUOSTING” - SUBJECTIVE TEST FORM PATE
FIGURE 1 .
TEST SERIES 5 TEST # 58
FOR OFFICIAL USE ONLY
e P ' .. . ; 1 = borcan i VIDEQ TAPE GHOST LEVLCLS

CHECK ‘ONE ONLY| DESCRIPTION OF TMPAIRMENT | PICTURE RATING| GRADE |REMARKS OR COMMENTS | ppocoau WATERIAL B

No visibee’Ghost! © Exceffent . 1 TEST TAPE #2

' ' : Multiple Series

Faint 'Ghost’ - Good 7

Obvious but not . .

ob jectionable 'Ghoat'. Fair 3

0Ob jectionabfe 'Ghost Poon 4

Asome viewing value :

Pietlure 45 ' .

not wonth viewing Bad/Usefess 5 N

]
TEST # 5B
FOR OFFICIAL USE ONLY
' ’ e ' VIDEQ TAPE GHOST LEVELS

CHECK ONE ONLY | DESCRIPTION OF IMPAIRMENT | PICTURE RATING | GRADE [REMARKS OR COMMENTS | \bocrau wATERIAL B

No visibLe 'Ghoat' Excelfent [

Faint 'Ghost! | Good 7

Obvious but not

- obfectionabfe ‘'Ghost’ Fain 3

Ob jecetionabfe 'Ghost' Poor 4
Aome viewing value '

- Not wonth viewing Bad/Usefess 5
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FARADAY ENCLOSURE
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I

Audio Gen. . : 2 u.Sec. u. Sec,
A . I ——Jhoaooo - —fmazioa s
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: ’ ’ | 2 u.Sec. 5 u. Seg__ m
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Evaluation of Subjective Test Results ’
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Software Program for TI. 58/59 Calculator

Grade No. for 'Typical Viewer' and for
'Expert Viewer!

Given:- Echo Delay in u.S.
Echo Level in dB.
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Software program forn 'Typical ' and 'Expert' viewer Picture Grades
and computed FM.-Radio stereo channel noise/distontion versus

‘Echo Defay and Echo Level.
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