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TELIDON SYSTEM STUDY
3RD INTERIM REPORT

This interim report details progress made in the areas of

multipath channel validation, pulse shaping for teletext,

and establishing performance of the existing system in

typical noise and multipath environments. The existing

system employs a truncated 100% raised cosine transmit pulse

shape and a conventional teletext decoder. The most

important operational
estimation and symbol
teletext decoder have

Study 'Second Interim

characteristics (slicing level
synchronization) of the conventional’
been presented in the Telidon System

Report'.

The first section briefly addresses the pulse shaping

problem for teletext.

The second section deals with

multipath channel validaﬁion and the generation of realistic

channel characteristics to use for system evaluation. The

final section discusses the simulated performance of the

existing Telidon system in typical multipath and noise

environments. Details have been relegated to appendices for f

the most part.
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PULSE SHAPING FOR TELETEXT

The choice of a suitable pulse shape for teletext has

received considerable attention lately [1], [2], [3], [4],

[5], [6]. The problem is complicated by the number of

objectives that ideally should be simultaneously satisfied.

The overall objectives of the pulse shape design are:

(1) to minimize the probability of bit error subject to
the other design objectives being satisfied,

(1ii) The overshoots, at both the output of the transmitter
and the baseband channel of the receiver, should be
constrained at acceptable levels, '

(iii) the pulse shapé design should lead to specifications
that are compatible with current television brgadcast

specifications,

(iv) the overall pulse shape should be reasohably-rbbust‘

in the presence of multipath,

(V) receiver requirements should ideally be kept as

simple as possible, (i.e. any necessary complexity
and stringent specification should be transferyed to
the .transmit side when possible),

(vi) the bandwidth-must be constrained to the 4.2 MHz NTSC
video bandwidth. '

One possible approach for meeting the above objectives is to
define -a massive non-linear optimization that attempts to
simultaneously achieve the above goals, but this is clearly
EeyOnd the scope of the'preéent contract. Furthermore,
before such a chore could be undertaken, the pulse shaping '
problem requires further rgfinement and formulation. For-



example, the acceptable overshoot levels at both the output
of the transmitter and the baseband output of the receiver
must be determined. This would invariably involve
investigating the audio buzz phenoména° Careful thought

must be given to choOsing an overall performance index,

especially when the optimization is to be performed over an

ensemble of channel characteristics. Most performance
criteria, that would seem reasonable to apply, tend to
implicitly weight the poorer members of the ensemble of
channels (i.e. those with a relatively high bit error rate)
more than good members. Cpnsequently, if one is not
careful, the likely result of the optimization might be to
sacrifice the performance of the good channels in order to

achieve a marginal improvement for the poor channels, -

The ultimate guage of the performance of a specific pulse
shape is the probability of bit error achieved. Do to

intersymbol interference, evaluation of error probability

- becomes rather involved. A number of techniques for

estimating the bounds on the probability of error are
presented in [ 28], [1]. The more accurate bounds are not
trivial to evaluate, and often do not have general _
applicability, due to assumptions about the data correlation

properties. In most work that has been done to date on

' pdlse shaping for teletext (Sousa and Pasupathy [ 2], [3],

and S, Ng [6]) certain properties of the eye diagram [i.e.
eye height, eye width (time sensitivity), and overshoots]
were used as figures of merit for various pulse shapes. A
suitable performance criterion to be used as a basis for
comparison must be selected and justified.

From the above discussion, it is apparent that deriving an
"optimal" pulse shape via nonlinear optimization is a major
undertaking, involving considerable effort to formulate and
to gather the required data to adequately model system

parameters, let alone solve. Another approach to the pulse



- level and clock phase circuitry in the Telidon system, even

noise)., Given the large potential performance gain,

shape specification problem is to attempt to decompose it
into several smaller, more manageable problems and handle
gach one separately. In Appendix I, which is primarily

concerned with the pulse shaping issue, this is the approach

‘taken. This appendix contains a general discussion about

pulse shaping, angd the specification of a "reasonable"

overall pusle shape, whose transfer function is continuous

and therefore realizable. The apportioning of the pulse

shape is also discussed along with a reasonable approach

to specifying it. Also dischssed in Appendix I are the

related issues of audio buzz, slicing level, and symbol
synchronization. Some of the deficiencies of the existing |
decoder synchronization circuitry, and possible approaches
to overcoming these deficiencies are presented in Appendix
I.

Simulation results [15] have shown that a loss of
approximately 3 dB can be attributed to the existing slicing

under fairly ideal conditions (i.e. no multipath

propagation, ideal carrier recovery, and white gaussian

improvements to the existing decoder synchronization

circuitry should be given the highest priority. As for
pulse shape dptimization, it is felt that the first step
should be a problem definition and tradeoff study. This

would provide the opportunity to estimate the potential

benefits and risks of performing such an optimization so
that a rational decision as to whether or not to persue -
pulse shape optimization can be made. Areas that such a

study should address include:

(1) identifying suitable models for the various
uncertainties (i.e. transmitter, receiver, and
multipath characteristics) in the teletext

transmission path;

(ii) ~ outlining procedures for determining model

parameters,




(iii) defining a
estimating
and amount

tractable optimization problem and
the associated costs (in terms of money

of computation).




MULTIPATH CHANNEL VALIDATION AND GENERATION

Considerable effort by members of CRC (in particular Robert
Bultitude and Mike Sablatash) has been devoted to measuring
channel impulse responses in the Ottawa area. The purpose

"of this section is to analyze the CRC measurements, and

make some comparisons with results generated by the Telidon
RF propagation model simulation program. For developing
multipath channels for use in the Telidon system
performance simulation, the VHF multipath simulation
program allows more flexability and control. For example,
with the simulation program, the carrier frequency can be
easily modified to characterize channels in frequency bands

where measurements were not conducted.

The simulation program has been very instructive in
vielding insight into the behaviour of VHF multipath

propagation as a function of frequency and environment.

"The severity of multipath components as a function of delay

for various frequencies and reflector characteristics are
discussed and presented in [15] and [18]. An important
conclusion that can be drawn from the simulation results is
that the statistics of the channel are wildly non-
stationary, and are very sensitive to frequency and
receiver locality. As indicated in [18], when the
frequency is 55.25 MHz (channel 2), multipath all but
disappears, even with 30m x 30m reflectors. However, when
the carrier frequency is 211.25 MHz (channel 13), multipath
is much more severe, and significant echoes with delays of
10 psec are possible for large 30m x 30m reflectors. The
propagation model has indicated these meaningful trends
with regards to frequency sensitivity of the VHF multipath

channel.



The cumulative distribution function for channel 13 (f =
211.25 MHz) with randomized reflector width, height, and
thickness is presented in Figure 1. Ih fact, the thickness
was randomly selected between 10 cm and 30 cm, and the
width and height were independently'and randomly selected

“between 7.6m and 30m. - It is apparent from Figﬁze l, that

for VHF, it should not be necessary to consider multipath
delays greater than 10 psec. The delay spread shown in
Figure 1 is thought to be a conservative upper bound as it
is unlikely that many structures can produce a specular
reflection comparable to that of the di-electric slabs (up
to 30m x 30m) used in the simulation. One would expeqt the

delay spread to be strongly dependent on reflector sizes,

‘as the ratio of the scattered to incident field strengths,

in the direction of specular reflection, provided. in [ 19]
and reproduced here for convenience:

E 2r r2 sinp R' H3W
sy . o v 1
=] = (1)
i Azrzr%

where
ro is the distance between transmitter and receiver

ry is the distance between transmitter and scatterer

r is the distance between the scatterer and receiver.

v is the surface grazing angle
A 1s the carrier wavelength
R; is the reflection coefficient

H 1is the reflector height
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W is the reflector width,

i's proportional to H3W. Hence, if the reflector area is
reduced by a factor of '2', in the far-field, echoes are

‘reduced by 12 dB, thereby decreasing the delay spread of

significant echoes.

In analyzing the CRC measurements, attention must be
restricted to the subset of channels which provide
acceptable video quality. There is absolutely no need
attempting.to provide Broadcast Telidon service to
customers that do not receive useful television pictures
over the air. A prescreening procedure for discarding
channels not providing usable television pictures is’
presented and discussed in detail in Appendix II. A brief
summary will be provided here for completeness.

Channel Classification

A procedure for weighﬁing multiple ghosts to obtain an

estimate of subjective picture quality, proposed in [21],

was adopted for channel classification. To estimate the

subjective quality of a television picture, a "perceived DU
(desired to undesired) ratio, denoted by PDUR, is computed.
It is essentially the ratio of the power of the desired
signal to the power sum of individual ghost images (Signal
to Clutter Ratio), with appropriate weighting applied to
each echo to account for the effects of delay (t) and r.f.

phase (vy).

The degree of quality degradation is dependent on the
phase, ¥, and delay, t, of the ghost. The perceived DU
ratio of a particular individual ghost with delay, T, and
phase, ¥, is the DU ratio of a positive ghost with standard

delay that provides equivalent degradation.



The perceived DU ratio of the i~th ghost is given by:

. b,
Pifap] = ©lt) + ¥

p (1) + W (1)) gp) (2)

where

clg

(i) 1is the DU ratio of the ghost

W@ is the phase weighting function (see Figure 2)

W is the delay weighting function. (see Figure 3)
In [21], the standard delay for a ghost is 5 upsec.

The perceived DU ratio, which provides an indication of the
degree of quality degradation of a picture impaired by

multiple ghosts, is:

n

PDUR = -10 log;, 1 10
i=1

-P. /10
1 [aB] (3)

where

n the number of ghosts.

The relationship between PDUR and subjective picture
quality is shown graphically in Figure 4. The subjective
picture evaluation was made using the 5 point comment scale
shown in Table 1. In fact, experiments conducted by the .
authors of [ 21] indicate that the correlation coefficient
between the numerical fDUR and subjective quality
assessment is very high, In fact, the PDUR is probably the
best gauge of subjective picture quality available at
present.
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Comment Number Description
5 imperceptible
4 perceptible but not annoying

3 somewhat annoying
2 severely annoying
1 unusable
Table 1l: 5-point comment scale used in [ 21]

for subjective picture evaluation
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Using Figure 4 and the comment scale of Table 1, the
following thresholds were selected for acceptable and good
video channels:

PICTURE QUALITY COMMENT SCALE PDUR
THRESHOLD THRESHOLD

Unacceptable <1.5 <11 4B

Good ’ 2 3.5 »24 dB

Develdping,Channel'Statistics Using The Simulation Program

The VHF propagation model simulation program can be used to
generate realistic multipath channels to use for
establishing Telidon system performance. To do so, one
must establish the number of echo paths, N, comprising the
channel impulse response. This parameter is strongly '
dependent on the density of buildings and extent of the
urban area. In the simulation, one simply has to combine N

Monte Carlo cycies into an impulse response, specifying the
delay, magnitude, and a uniform phase angle on the in;erval

[-w,v] for each component path. The channel can then be

classified using the PDUR classification scheme discussed

in the previous section. Only acceptable channels are

retained, and statistical analeis performed on the

“acceptable and the good channels. The PDUR, and

consequently, the classification procedure will be a
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function of the number of echo paths comprising a channel
impulse response., The sensitivity of this parameter will
be?investigated. With the simulation brogram, the
generation of impulselresponses of acceptable video
channels is relatively easy. At pfesent, we c?llect

~ilmpulse responses that-have PDUR's between specific limits

(i.e. '13 - 15 dB', '19 - 20 dB', etc). This gives one
better control over the.quality of the channel under
investigation. However, it must be emphasized that good
video quality does not necessarily imply good teletext

performance.
Generating CDF Contours With The Simulation Program

Generating and classifying channels to use for evaluating
system performance is relatively straight-forward. An
extremely important parameter is the number of echoes

(reflectors), N. Phase weighting is also important, as the

‘subjective effect of an echo does depend on the phase of

the echo. To statistically characterize channels with
acceptable video, we would like to develop cdf contours of

,maghitude versus delay. Consequently we would like to

decondition with respect to phase.

Originally, the proposed channel characterization procedure
involved assigning a uniform phase [0°, 360°] to each path,
estimating the phase weighting from implementations of the
phase weighting curves (see Figure 2), estimating the delay
weighting (see Figure 3), and determining the PDUR ratio.
The average delay weighting function can be approximated as
follows:
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j:l.S - 15.78 logy,(t/0.3) for t<(.5usec
“ 8 - 13.29 logyqy(2t) ' for 0.5usec<t<lusec
'WT[éB] = {4 - 8.3 logjqy(7) for lusecéT§2hsec
1.5 - 5.68 1églO(T/2) for 2usecs<t<3usec
0.5 - 4 loglO (t /3) for 3usec<t<4usec
0 ’ for 124.0 usec

— , (4)

Implementing the phase weighting curves, which are indexed
according to DU'ratio, is more involved. Consequently, a
simpler procedure has been adopted.

-Phase Weighting

The subjective effect of a ghost depends on its r.f. phase.
waever, the r.f. phase is a volatile parameter that can
change dramatically with small perturbations in the
position of the antenna. A channel that is classified as

acceptable may be so only because of fortunate phases on
dominate echoes. Perturbations in these phases would

provide a channel that does not give acceptable video
quality. Channels that are certain to provide acceptable
video quality can be guaranteed by assuming worst case
phases (p=180°) for each path.

It must be emphasized that the mean opinion score of 'l.5'
(which corresponds to a PDUR of 11 dB) was established as a
conservative estimate of the threshold of acceptability.
Variations of *2 dB about the PDUR threshold, do not
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greatly improve or degrade mean opinion scores on
subjective quality. For example increasing the threshold
by.2.5 dB translates into an increase of only 0.25 on the
comment scale. As a result, there_dbes not really exist a

clear cut thréshold, and the choice is rather arbitrary.

For an impulse response defined by a number of echo paths

with delays, T and magnitudes, u;, an infinite number of
potential channels can be defined by assigning uniform
phases to each path. One could classify the channel based
on an average phase weighting, worst case phase assumption,
or assuming zero phase (positive) echoes. The PDUR's
computed using these asSumptions are related as follows:

PDUR = PDUR + 0.46 dB
(ave) (zero phase)

PDUR = PDUR ~ 2 dB

(worst case) (zero phase)

‘The average phase welghting was evaluated assuming the

phase weighting curve for a DU ratio of 12 dB, and the mean

worst case weighting is approximately 2 dB.

The difference between. average and worst case phase
weighting is 2.5 dB, which translatés ito only a 0.25
change in the quality comment scale in the neighbourhood of
the threshold. Consequently, we will require that each
channel have a PDUR exceeding 11 dB, for worst case phase
weighting. This can be evaluated assuming positive echoes
(avoiding the need for considering phase weighting) by
increasing the thresholds by 2 dB, i.e.

Channel Classification’ PDUR Threshold
Unacceptable : <13 dB
Good : » 26 dB
i
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/

Statistics Gathering and Sensitivity Versus 'N'

A scatter table for acceptable channels (this includes good
channels) and a scatter table for gbod channels are
maintained. When an impulse response is classified, the
magnitude and delay for each path comprising that impulse
response is entered into the appropriate scatter table.

The scatter tables are Ehen analyzed to generate cumulative
distribution functions of magnitude versus. delay. The cdf
contours of the ensemble of paths belonging to acceptble
channels are generated to obtain an indication of the delay

’spread that an adaptive equalizer must content with, and to

allow a comparison with channel measurements. One could
select éhannel responses from the cdf contours. However,
there is no guarantee that the channel response selected
would in fact be a channel providing acceptable picture
gquality. One would have to compute the PDUR to be certain.
Since channels are generated and classified during the

statistics gathering process, storing these (and indexing

them according to PDUR value) for future use is much.better

than generating channels from the cdf contours.

The PDUR is dépendent on the number of echoes, N. As N
increases, the background clutter -level increases. This

tends to reduce the PDUR ratio, resulting in a higher
percentage of rejected channels. .

Simulation Runs And Results.

The major purpose of these preliminary runs was to-
establish the sensitivity of the cdf contours with respect
to the number of echoes in the channel impulse.response.
Furthermore, one éan establish the effect of the .
acceptability criterion on the cdf contours by comparing
the results with those pfeviodsly obtained [15], [18]. The
model that was used was the same as that specified in (18],
i.e.
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frequency

Occupational Domain

Transmitter Height, hl
Receiver Height, h2

Path Length

Reflector Orientation

selectable
3.0
3x10~-% mho/m

randomly .selected

between 10-~30 cm

randomly selected

between 7.6m and 30m

6 km x 6 km, céntered

on the receiver

16 km

Randomized

Table 3 contains a summary of the .simulation results, and

the corresponding figure numbers

of the appropriate CDF

contours. As expected, as the number of impulse response
components increases, the percentage of channels rejected

increases and the percentage of good channels decreases._

This is simply due to the increased background clutter

level. As indicated in Table 3,

when the number of

significant reflectors in the 6 km x 6 km occupational

domain is dense (800) for channel 13, over 50% of the

channels are rejected (PDUR's less than 13 dB). The ﬁumber

of reflectors in the occupational domain can be related to

the frontage density [ 18] of éignificant reflectors (as

seen from the street) as follows:
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-

Frequency Number of~ Number of |Percentage |Percentage |Percentagej CDF Contour
(MHz) Channels " |Paths Per {Rejected Accepted Good Figures
ClassifiedjChannel
© 211,25 5,000 100 5.1 94.9 54.9 5, 6
(channel '
- 13). 2,000 200 '10.8 89.2 18.6 7, 8
2,000 400 22.6 77.4 0.45 9, 10
1,000 800 51.8 48.2 0.0 11
55,25 10,000 | 100 0.0 100 98 12, 13
(channel
2) 2,500 400 0.0 100 91 14, 15
| 201 10,000 100 4.5 95.5 57.5 16, 17
_(corresponds .
to frequency | 5,000 200 9.58 90.42 21.5 18, 19
used in CRC
'measurements)

Table 3: Preliminary Simulation Results
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"N FRONTAGE
(number of reflectors) . DENSITY
100 - 3.13% |
200 ‘ 4,43%
400 6.27%
800 ’ -8.87%.

The CDF contours fpr acceptable and good channels for a
carrier frequency of 211,25 MHz and various values of N are
provided in Figures 5 through 1l. As the number of
rejected channels increases with increasing N; the general
trend is a reduction in the magnitude contours fdr the
acceptable channels. However, the changes are not that
dramatic, and it is safe to conclude that the magnitude
versus delay contours are not very sensitive to the number
of reflectors (echo paths). ,

It is interestiﬁg to compare the results obtained employing
the acceptability criterion (see Figure 5 for N=100 paths)
with thosé Obtained earlier (see Figure 1l). It is apparent
is that 99.99% contour is reduced. The echoes in the 1-5
usec region are above -8 dB in Figure 1, and this ‘
corresponds to channels providing unacceptable video
quality. As is evident in Figure 5, the 99.99% contour is
in the vicinity of -9.4 dB out to roughly 1 uséc, at which
point it begins té fall. There is little difference for

longer delays (greater than or equal to 5 usec).
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In examining the contours for good channels it is not
surprising to find that significant multipath components
can arise for shorﬁ delays (€0.5 usec). Such close in
echoes, while not troublesome for video, can be troublesome
for teletext., For longer delays, the magnitudes of echoes
are below -26 dB.

The results for channel 2 (f = 55.25 MHz) are not at all
surprising in light of the frequency sensitivity of the
multipath channel discussed previously, and immediately
evident from Figure'1l0 of reference [18]. 1In fact, we

‘observed that no-channels were rejected, and that most

channels (290%) are good video channels. It is aléo
apparent that the cdf contours of the acceptable and good
channels are not very sensitive to the number of impulse'
response componenté, N, or echo paths. It is also apparent
from Figure 13 and 15, that the good video channels are
also reasonably good teletext channels. An eéualizef,with
the capability of handling delays of 2.5 msec wodld<be

sufficient for channel 2.

Results were also gathered from £ = 201 MHz, which
corresponds to the frequency used in the CRC measurements..
There are small changes in the percentage of rejected and

good channels relative to the channel 13 results. There is
also a small reduction in the cdf contour levels relative

to the corresponding channel 13 results. The relative
insensitivity of the cdf contours as a function of the

number of reflectors is apparent in Figures 16 - 19.

With the incorporation of the channel prescreening
algorithm, the multipath simulation program can be used to
generate realistic multipath channels for consideration.
Given the variability of the multipath channel demonstrated
by the simulation program and observed during the CRC

channel measuremehts,ithe channels generated by the
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multipath program are clearly possible candidates. One
could aréUe'that if enough measurements were taken, a
particular channel characteristic would eventually be
observed. Combining this with- the 6bvious advantages and
flexabilities afforded by the simulation program, the-
multipath channels used for system evaluation will be
generated by the simulation program.

Analyzing The CRC Measurements

Plots of the inphase, quadrature, and squared envelope (sum_

of squared inphase and quadrature components) components

for 160 channel impulse response measurements, including a
back—to?back measurement,'havé been obtained. The
procedure for classifying channels involved visually
extracting the magnitudes and delays of individual
multipath components and computing the PDUR. }Since there
is no carrier phase recovery in the impulse requnse‘
measurement system, extracting the absolute phase of echoes
is not possible. Assuming zero phase echoes, channels were
rejected whenever the PDUR happened to be less £han 11 4as,
for these measurements. The tedious information extraction
and classification process has been completed and the

details are presented in Appendix III.

The file numbers of the channel measurements providing

acceptable video quality and those that were rejected are

provided in Table 4. . Of the 159 channels classified, 53_
channels would provide aéceptable video quality (52.2%),
while 76 channels would be unacceptable for television
pictures (47.8%). Furthermore, the majority of
measurements were conducted in downtown Ottawa. Of the 107
downtown measurements, over 50% of the channels were
rejected (54). Many of the downtown channels, especially

aléng Bay, Slater, and Metcalfe Streets, were terrible
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ACCEPTABLE CHANNELS REJECTED CHANNELS
2 96 3 130
4 98 16 4 132
5 99 ' 17 134
6 100 18 135
7 101 19 136
8 104 25 140
9 105 29 . 141
10 ) 106 - 32 142
11 107 33 144
12 108 34 145
West—-end 15 109 35 146
measurements 20 110 36 . : 147
21 111 38 148
22 112 43 149
23 113 44 150
24 114 45 151
30 - . 116 . . 46 152
S 31 . 117 47 153
37 118 48 155
39 " 119 49 156
40 121%* 50 158
41% 122 51 161
42 128 63 ' 162 -
52 131* 68 163
53 133 71 - 164
54 137 75 165
55 138 79 166
56 139 80
57 143 81
_58 _ 154% - 82
59 157%* 83
. 60 159 84
Downtown 61 ' . 160 ‘86
measurements 62 167 87
66 : 90
67 . 91
69 ' : 92
70 93
72 : . 97
73 102
74 103
76 115
77 120
78% 123
85 . ’ 124
88 - 125
89 : 126
94 _ : 127

95 ' 129
* non-minimum phase channels with acceptablé video quality

Table 4: Channel Classification
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channels, with echoes stronger than the main path (non-
minimum phaSe channels). 1In some locals (i.e. along Nepean
Street near Kent) the channel characteristics were wildly .

varying.

In analyzing the CRC channel measurements, it is important
to keep in mind the intended purpose, which was to obtain

some measurement data on representative multipath channels
in the Ottawa area. These measurements were to indicate
the typical multipath spreads that would have to

be handled by an adaptive equalizer. The purpose was not

to gather an enormous number of randomly selected channel

measurements 1n an attempt to statistically categorize the

multipaﬁh channel,

The extremely high percentage of rejected channels
obtained, in spite of the fact that a relatively low
acceptability threshold, (PDUR < 11 dB) was uéed,ltedds to
suggest that the measurements were bilased somewhat towards
extreme multipath channels. This is in part due to the
linear display used, where small but not insignificant .
multipath is barely noticable. Multipaths that are clearly
noticable on the display (i.e. magnitudes between 0.2 - 0.5
which correspond to -14 dB to -6 dB echoes) are typically
severe multipath channels. Incorporating a logarithmic

display wquld provide a better indication of the severity
of the multipath channels, 'and would prevent the discarding

of channels that appear to have insignificant multipatﬁ._

In gathering channel data for use in the constrained pulse
optimization problem, random sémpling of measurement sites
should be followed to prevent biasing the measurement data
towards very poor.channel-characteristics. A significant

reduction in the percentage of rejected channels shouid

occur.
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A large number of measurements were conducted in the Bay,
Slater,'James, Mepcalf, Albert, and Queen Street areas.
The majority of channels were terrible, as evidenced by thé
impulse response plots (Files -123 through 166) in Appendix
III,- Of the last 26 measurements, which were conducted
along Albert and Queen streets, only 5 channels were
acceptable (19.2%). Primarily in the downtown area,
channels with reflectéd.paths stronger than the main path
(which.is primarily due to blockage) were observed. Mosé
of these non-minimum phase channels were very bad .
television channels. 1In fact, only six were deemed

'acceptable. The propagation model used in the simulation

does not incorporate blockage, and will result in minimum
phase chanmel characteristics. Given that the vast '
majority of measured channels providing usable televison
pictures were minimum phase channels, this is not a major

deficiency.

Because of the severe multipath suffered 'in many downtown
regions, televison signals, and consequently Telidon, must
be received from cable systems. Even in areas removed from
the downtown core, such as Carlingwood, severe multipath
was observed. Of the 15 channel measurements conducted in
the Carlingwood area, 10 channels.were rejected (66.7%).
These preliminary measurements indicate that the majority.

Broadcast_Teiidon subscribers will be in suburban and‘'rural
areas, which is not at all surprising.

For the acceptable channels, statistics on the number of
significant echoApaths were gathered. A significant echo
path was defined as one with a DU ratio less than or equal
to 24 dB. The mean number of signficiant'echoés was 3.33,
with a standard deviation of 1.97.

The magnitudes and delays of the echoes comprising the

acceptable video channels have been éccumulated in a




"scatter table" in Figure 20. As.a rough comparison,
smoothed- 99.99% and 99% .contours from Figure 16 (assuming
100 impulse response components) were sketched on. It musé
be emphasized that the threshold of acceptability was
different for the classification of the CRC measurement
data, being 2 dB lower than that used in generating Figure
1l6. This can be roughly accounted for by shifting the
upper contour up by 2'63. If this were done, only a few
(4) obéervations would be above this threshold, and the )
majority would be between the 99.99% and 99%. contours. It
is also apparent from the measurements that the vast

4majority of echoes have delays less than 3 usec. All

echoes with long delays had magnitudes below the 99.99%
contour. The longest delay observed was 8 psec with a DU
of approximately 19 dB. The delay spread, with theé model
parameters presented in Section 2.3, is seen to be roughly
10 psec from Figure 16, which is somewhat greater than that

observed from measurement results.

As alluded to earlier, the multipath propagation model is .
quite sensitive to the size of the reflector. In fact the

ratio of the amplitude of the reflected signal to the

desired signal is proporational to H®W. By fiddling with .
model parameters such as average width, height, and size of
the occupational domain, the simulation could be forced to
closely m@tch values appropriate for Ottawa. To '
demonstrate the extreme sensitivity to reflector area,
consider reducing the average reflector area by a factor. of
4. This will reduce |E /E. l by 24 dB on average, and will
reduce the delay spread con51derably. The results are
summarized in Table 5 and Figures 21 -~ 26, For these

simulation runs the threshold of acceptabilitthas the same

as that used for classifying the measured channels. It is
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apparent that the majority of channels are good video
channels, with a delay spread of only 2.5 usec, and a much
reduced magnitude contour. The cdf contours are not
sensitive functions of the number of echo paths.

A similar set of runs was conducted with the average
reflector area selected to be 63.6% of the typical average
area which is 353.44 m2. The results are summarized in
Table 6 and Figures 27 - 32. From the cdf contours for the
channels classified as acceptable, the delay spread,
referenced to echoe€s at least 20 dB down, is roughly 6

.usec. A significant reduction in the delay spread is

accomplished by a relatively small change in reflector
dimensions, Smoothed versions of the 99,.99% and 99%
contours of Figures 29 and 31 are shown on the scatter
table of measuremént data in Figure 33. It is apparent
that the delay spread of the simulation model now
corresponds better with the delay spread of the

measurements.

It is also evident that for short delays, one observes
measured echo strengths greater than the 99.99% simulation
contour (1<0.6 psec). They are reasonably close to the
contour however. The reason for this can be attributed to
the approximatibns used in the simulation model for the
near field region [15], [18], which is one of the known
weaknesseé of the model. To take proper account of the
near field region would be rather difficult and increésg
the complexity considerably. With large reflectors (as
used in the simulation), and for frequencies in the
neighbourhood of 201 MHz, the near field region is rather
substantial (i.e. paths with delays less than 1 wsec will
be the near field.region). However, given that the vast
majority of measurements do fall within the contour bounds,
the simulation program is a good working model.
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Freguency Numnber of' Number of |Percentage |Percentage |Percentage| CDF Contour

.(MHz) Channels {Paths Per |Rejected Accepted Good Figures )
Classified|Channel

201 5,000 100 0.42 99.58 88.2 27, 28
10,000 50 "0.25 99,75 95.1 29, 30
25,000 20 0.07 99.93 98 _31, 32

‘Table 6: Average Reflector Size is 63.6% of Typical Value




_43-

. A
| Frequency Number of |Number of Percentage |Percentage {Percentage| CDF Contour
(MHz) Channels {(Paths Per |Rejected Accepted Good Figures
Classified|Channel
201 5,000 100 0.0 100 99.3 21, 22
10,000 50 ' 0.0 100 99.8 23, 24
25,000 20 0.0 100 99.9 24, 25

Table 5: Average Reflector Area Reduced By a Factor of 4
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Plots of the significant echoes of impulse responses for
channels used to generate Figure 27 (N=100), for various
PDUR's, are shown in Figures 34 - 39. .On these figures,
note that there is a 0 dB main pathfat t=0. One thing that
is apparent is that the average number of significant

echoes is less than 3,-which is the approximaté'average

among acceptable measured channels.

With the reflector sizes unchanged from the previous
scenario, and by simply reducing the occupational domain to
a 3 km x 3 km rectangle ceptered about the receiver, and
having 400 impulse response components (number oOf
reflectors) we were able to get a better match between the
number of significant echoes generated by the simulation
program and the average number observed for the channel
measurements. Sample impulse response plots for this
situation are provided in Figures 40-50. The cdf contours

for this situation are shown in Figure 51. The delay

spread is roughly 7 pusec. A smoothed 99.99% contour is

drawn on the scatter diagram for the measured data in

Figure 52. The delay spread seems to agree reasonably well
with the measured data, and the previously mentioned
deficiency of the simulation model in the near field region‘
is evident. In generating the statistics, 2000 channels
were classified, with 15.9% rejected, 84.1% acceptable, and
only 0.25% deemed to be good video channels. One would
expect that with an expanded set of random méasurements,
that the measured channel rejection rate would fall to a
value closer to 15-20%, as opposed to the present value in
the neighbourhood of 50%. As has been preyiously

discussed, there was a tendancy "to look for multipath"
during these measurements, and this is responsible for the
results being biased towards bad channels (very strong

multipath).
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Concluding Remarks on Multipath Channel Validation

The extreme sensitivity of the VHF multipath channel to
important parameters such as frequency and reflector
dimensions has been demonstrated. It is apparent that by

fiddling with model parameters, a reasonable fit with

measured data can be obtained. After a satisfactory fit is
established, the simulation program allows one to examine
the characteristics of the multipath channels in different

frequency regions.

A reasonable fit with the measured data (scatter table of
magnitudes versus delay, and average number -of significant
echo paths) was obtained by adjusting the average reflector
area, number of scatterers per channel impulse response,
and the size of  the occupational domain. The channel
rejection rate of the CRC measurements is much higher than

one would anticipate. The measurements seem to be biased

towards poor (very strong multipath) channels. There are

many reasons for this, but in defense of the measurements,
their purpose was not to statistically categorize the

multipath channel, but rather to provide some indication of
the severity of multipath in suburban and urban

environments.

The extreme variability of the multipath channel is evident
from the measured channel impulse responses and from
simulated channel impulse responses. As a result, in any
given locality, the number of potential channels is
virtually boundless, and the absolute accuracy of any
specific candidate in this subset ié of relatively little
concern. The existance of a meaningful "average" channel
for a specific region is questionable, considering the
wildly non-stationary characteristics of the multipath

channel. - One would expect that a substantial number of
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channels would have frequency responses considerably
different from that of the "average" channel

characteristic.

In spite of deficiencies in the near field .region, the

‘Telidon RF propagation model is a useful working model, and

has provided considerable insight into the nature of VHF
multipath propagation. -With the addition of the channel
prescreening capability, attention can be restricted to
those channels which provide usable television pictures,
and one cannot dispute the fact that the generated channel
responses are valid possibilities. Given the extreme |
variability of the multipath channel, one could argue that
if measurements were conducted over a prolonged period;
that eventually one would discover a channel with the
characteristics of the simulated channel. Due to the ease
with which multipath channels can be generated and

categorized with the Telidon RF propagation simulation

_program, and its increased flexability, it will be used to

develop prospective channels for system evaluation.
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ESTABLISHING BASELINE SYSTEM PERFORMANCE

In this section the simulated baseline performance of the
existing Telidon system in typical multipath and noise
environments is presented. A simplified system block
diagram is presented in Figure 53. The data signal is a
bipolar pulse amplitude modulated waveform. The baseband
transmit pulse‘shape is é truncated 100% raised cosine
pulse. The data signal is inserted into its appropriate
place (i.e. timing and dc offset) in.-the television line
(see Figure 54). lIncorporating the synchronization
components . of the television line (i.e. the sync.pulse and
colour burst) is extremely important, especially when
investigating the perforﬁance in multipath environments.
The appropriate signal orientation and carrier level are
applied to simulate the modulation type and modulation
index selected. Television signals are ty@ically
transmitted using negative modulation (peak signal levels
correspond to sync pulse tips and darker video signals)
which is discussed in considerable detail in Appendix VIII
of [15]. Incorporating the modulation technique is
important for non-linear envelope detectors but not for
synchronous detection. Attention has been restricted to:
5ynchronous detection for the results discussed in this

section.

The Telidoﬁ system simulation is performed at a complex
baseband. That is, -all bandpass filtering operations are
replaced by equivalent baseband filtering operations. The
transmit and receive filters presently used.in the
simulation have ideal characteristics. The amplitude
responses are shown in Figures 55 and 56, and the phase

responses are assumed to be zero. The receiver filter

response is characteristic of the responses of TV station

demodulators. Typical home receivers-have IF filters with
responses that are down 6 dB at the colour subcarrier, as
illustrated in Figure 57 [29]. The decreased bandwidth of
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the home receiver imposes a performance degradation for
teletext, as intersymbol interference worsens (eye height
is reduced) [3]. There is also the strong possibility that
overshoots would increase with such a bandwidth reduction.

Although there seems to be considerable data aVvailable on

" the amplitude responses of typical home receivers, there is

not much available concerning the phase or group delay
responses. A program that computes the phase response from
the amplitude response, under the assumption that the
transfer function is'minimum phase, has been developed.
Although it is planned to conduct runs with typical
transmit and receive filter characteristics, baseline"
performance can be established using idealized responses.
Performance with representative transmit and receive filter

profiles will invariably be worse.

The simulated system presently employs synchronous
detection, where carrier recovery is essentially perfect.

‘Carrier recovery systems for synchronous detectors employ

phasg locked loop circuits with a relatively narrow
bandwidth. However, most television receiver carrier
recovery systems use phase locked loop circuits with a
fairly wide loop bandwidth. This is made necessary by some
television applications such as tracking phase variations
produced by video game modulators or resulting from
incidental phase modulation due to a poor television
transmitter. The recovered carrier from the wideband loop
is useéd to demodulate the receiver IF output to obtain a
baseband video signal. This process is commonly referred

to as "quasi synchronous" detection.

Phase offsets in the carrier recovery process result in
quadrature distortion. This can introduce significant
intersymbol interference, even though the overall
("inphase") pulse shape satisfies Nyquist's first
criterion. This is because the quadrature component will .
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not in general satisfy Nyquist's first criterion and will
not have zero crossings in the desired locations. It is
gpparent that a quasi-synchronous detector is likely to

exhibit performance that is far from optimal.

Incorporating quasi-synchronous detection, in order to

assess the degree of.degradation, is an important future

objective.

The transmit pulse shape specified in [7] is a truncated

(low-pass filtered) 100% raised cosine pulse. One of the
major deficiencies is that there is no specification given
for the critically important low pass filter, which will
have a major impact on the attainable overshoot level. It
seenms that this lowpass filter, responsible for reduéing
interference with the sound channel, has a nominal 4.0 MHz
bandwidth [34]. The characteristics of a commercially
available, phase egualized 4 MHz lowpass filter [34] are
shown in Figure 58, and have been-.incorporated in the pulse
shaping process in the simulation. This "truncated" 100%
raised cosine pulse is presently used in the Telidon

system.

Establishing the baseline performance of the existing
Telidon system is crucial for assessing coding objectives
and assessing the need for system improvements such as
"adaptive equalization, better synchronization techniques,
and using an "optimized" transmit pulse shape. The ‘
performance of the relatively ideal system simulated
(idealized filter profiles and carrier recovery) will

provide an upper bound for actual system performance.

As has been mentioned earlier [15], the synchronization
techniques employed presently in the Telidon system have
many deficiencies. It is believed that the performance
degradations imposed by non-ideal filter characteristics

and quasi-synchronous carrier recovery are small compared
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to those that can be attributed to these suboptimal
synchronization techniques. Because.such a significant
prerformance degradation can be attributed to the weak

slicing level and clock phase determination approaches, it

'is appropriate at this point to discuss some of these

deficiencies. The aﬁproach presently employed-in the
Telidon system will be briefly described. For a more
detailed discussion, see Section 3.3 of [15]. The present
system uses the two byte clock sync signal to serially
estimate the slicing level and clock phase. It first
estimates the slicing level, using two peak detection
circuits, one following the most positive signal excursions

and the other, the least positive signal excursions. These

| peak detection circuits have a short charging time and a

long decay time. The peak detector outputs are smoothed,
and the slicing level taken to be midway between the two
peak valves. Once the slicing levél is established, the
decoder uses a single zero crossing to choose one of five
possible clock phases. There are several weaknesses in the
procedure that can reéult in performapce falling far short

of optimum. Some of these problems are:

(1) The peak detector circuits are sensitive to noise
peaks. Consequently, in impulse noise environments,
loss of synchronization is likely when an impulse
occurs during the portion of the clock sync signal
preceding the freezing of the slicing level. An
obvious improvement is to average or integrate
(approximated by low pass filtering) the received
signal to obtain an estimate of the slicing level.
Averaging will clearly reduce the sensitivity to
impulsive interference. Also, it is not difficult
to show that for a data signal with equal numbers of
ones and zeros, corrupted by white gaussian noise,
that the maximum likelihood estimate of the dc level
of the data signal is given by the average of the
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_ technique simply because it is much less peak.

received signal over the observation period. This
averaging principle should be used in future

decoders.

Even relatively modest multipath can introduce
significant error in the slicing level. This is
because the signal level immediately preceding the
clock sync signal is at the blanking level (0 IRE)
and the average level during the clock sync signél
is significantly different (roughly 36 IRE) [7],
(see Figuré 59). Consequently any multipath
propagation will result in an apparent shift in

. level for a duration.corresponding to the multipath

differential delay. The situation gets even worse
when the delay spread is large enough that a delayed
version of the sync pulse or the colour burst gets
superimposed on the clock sync signal, The effects
are clearly demonstrated in Figures 60 and 6ia In
Figure 60, we have a filtered version of a portion
of the teletext line received under ideal
conditions. In Figure 61, the clock sync signal
illustrated was received over a multipath channel
with a single -6 dB positive echo with a delay
spread of 5usec. The corrupting effect of the sync
pulse is evident during the early segment, and the
superposition of the colour burst introduces some

overshoots and undershoots.

In multipath environments, the slicing level
determined by an averaging slicer will also be in

error, but is likely to outperform the present

sensitive. ©Note that if the slicing level were
determined later in'the burst (at a time exceeding
the largest multipath spread), a better estimate of
the dc level would be obtained. As a result, a

system that does not freeze the slicing level, but.
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tracks it along the burst, would have superior
performance. Because the data burst can itself

- introduce a dc component (i.e. there is no guarantee
or protection against a long string of bits with the
same polarity), adaptive slicing level determination
ideally must be decision directed. This fequirement
severely impacts implementation and circuit

complexity.

(3) The optimum slicing level may be time varying due to
time varying phase errors in the recovered carrier.
This is further evidence that adaptive slicing level

circuitry may be required.

Some serious problems exist with the technigque presently
used to estimate clock phase. These are:

(1) An error in slicing level results in an error in
clock phase. There is really no reason why bit
timing recoverj should be so dependent on the
slicing level estimation. They are clearly
independent problems and should be treated as such..
Consequently, in the next decoder phase, a parallel
as opposed to serial synchronization technique

should be designed.

(2) The sampling clock phase is estimated from only a
single zero crossing, and will tend to be very

sensitive to noise and other interference.

A recommended improvement for symbol synchronization, which
is closely related to the cross-correlation time delay
estimation technique (which is optimal in white gaussian
noise), is presented in Section 5 of Appendix I. Time does
not permit the implementation of such improvements to the

synchronization procedure in the simulation program.
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An improved version of the existing decoder that estimates
the slicing level by averaging rather than using peak

detection circuits, but still uses the inferior timing

recovery technique, has been implemented.

Simulation Validatioﬁ

To validate the simulation, a 30% raised cosine pulse shape
was used with an ideal (no multipath) white gaussian noise
channel. 1In this case Nyguist's first criterion is
satisfied. Consequéntly, the theoretical performance bound
(which requires ideal slicing level determination and ideal

bit timing recovery to achieve) is given by:

p, = Q(/SNR_ )
a2
where SNRO = 5T
o
4 =

the deterministic amplitude at the optimum
sampling instant '

the output noise variance ‘

8

—+2
1 t2/2

Y 2n

dat

1
[e]
il
—

o]

The interrelationships between the TV signal to noise ratio
(SNRTV) and SNRO are discussed in detail in Appendix VII of
[15]. ‘

The simulated performance with ideal recovery is presented
in Figure 62, Close agreement with theoretical performance
is observed. Also shown in Figure 62 is' the performance
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using the existing recovery procedure. The existing

recovery procedure used in the Telidon system will be
referred to as "conventional" on figures displaying

performance. Over the signal to noise ratio region

‘investigated, roughly a 3dB loss can be attributed to the

present synchronizatfon techniques of the Telidon system.

A comparison of the performance of the decoder presently
used and an ideal decoder, for a low-pass filtered 100%
raised cosine transmit pulse shape (the BS-14 specified
pulse shape [7]) with an .ideal white gaussian noise channel
is provided in Figure 63. A 3dB performance degradation is
evident. Also, note that the perfqrmance with the 100%
raised cosine pulse is not very different than that

obtained with a 30% raised cosine pulse.

Comparison of Performance in Various Noise Environments

In this section the performance of the baseline Telidon
system is examined in various impulse noise environments,

white gaussian noise environments and mixtures of impulse

and white gaussian noise environments. The video signal to.

noise ratios used in the simulation are weighted (see
Appendix VII of [15] for details). The best relationship
between television picture guality and video S/N for random
noise is provided by the Television Allocation Study
Organization (TASO) rating [6], [25]. The video signal to
noise ratios required to provide specific TASO grades are
illustrated in Table 7. These TASO SNR's are unweighted
[6], [25]. However, it is becoming customary to specify
weighted SNR's, because in this case, subjective
performance is independent of the random noise spectral
characteristics [26], [27]. The unweighted video SNR's for
the TASO grades are referenced to White (thermal) baseband
noise. To convert these to weighted SNR's one must add a
weighting factor of 6.1 dB [26], [27]. 1In [23], the
subjebtive picture quality versus video S/N provided is:
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TASO Unweighted Video | Weighted Video
Grade SNR (dB) SNR (dB)
ﬁxcellent 42 4811-
Fine 33 39.1
Passable 27 33.1
Marginal 23 29.1
‘{Inferior 16 22.1
Table 7:

TASO grades versus video S/N
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Unweighted .
Video S/N [dB] Subjective Picture Quality

12 Bad
18 Poor

24 Fair

Although not explicitly stated, these values are likely
unweighted (they agree well with the TASO assessment of

. picture quality). From Table 7, the weighted SNR region of

greatest interest is between 25-36 dB, where acceptable but

not exceptionélly good video grades are obtained.

The impulse noise process implemented has Poisson arrivals
at rate A. The impulse amplitudes can have either a
generalized Rayleigh distribution with parameter «, i.e.:

o o-1
£,(u) = 2Roa u exp|

a4
ua}
2R
Q

where 0 < ¢« € 2 and u > 0,

or a log-normal distribution, i.e.

where u > 0 . The parameters RO and ¢ 1in the two
distributions above must be selected to provide the desired
impulse noise power [15]. Video signal power to noise
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power ratios are not appropriate for assessing subjective
picture quality. As discussed in [26], in impulse noise
environments, the signal to noise ratio most commonly used

is the peak-to-peak amplitude of the picture signal to the

‘peak-to-peak amplitude of the noise. For transmission

systems, the threshold SNR for impulsive noise-is 11 dB
[26]. Unfortunately, this is not related to subjective
picture gquality at the receiver. Furthermore, for
realistic impulse arrival rates of 3,000 to 30,000 per sec
(justification provided in Appendix IX of reference [15]),
and for video SNR's as great as 45 dB, the peak SNR will be
in the neighbourhood of the above mentioned 11 dB
threshold. As a result, the peak SNR used for assessing
transmission systems is not really appropriate. Although
not complete at this time, an approach for assessing the
threshold impulse arrival rate énd.video S/N for acceptable

picture quality is being derived. It is based on a

- perceived percentage of the picture that can be corrupted

by impulses, and still yield a useable picture.

To characterize performance, five ruﬁs were conducted at TV
signal to noise ratios of 25 dB, 29 4B, 33 4dB, and 45 4B,
with an ideal channel, nominal transmitter and receiver
filters, using the truncated 100% raised cosine pulse

shape. The noise types considered are summarized below:

r_ Noise Type Impulse Arrival Impulse Amplitude
. Rate A (per sec) Distribution
Impulse 30,000 | Rayleigh (a=1)
Impulse 30,000 Rayleigh (a=2)

Impulse 30,000 Log-Normal
Impulse 3,000 " Rayleigh (a=2)
50/50 Mixture of ’

White Gaussian 30,000 Rayleigh (a=2)
and Impulse

White Gaussian - -
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Performance was investigated for both the present decoder
ehployed in the Telidon system (referred to as the
"conventional" decoder throughout the remainder of this
report), and an improved veréion which uses an averaging

slicer.

The results for the conventional decoder are shown in
Figure 64. Several interesting observations can be made.
In impulse noise, performance is strongly dependent on the
impulse arrival rate, A. At low SNR,:'[,V there is close to an
order of magnitude difference in error rate for 1=3,000
compared to A=30,000. This is expected, however, because
each impulse is likely to cause an error at either of the
above impﬁlse arrival rates, and there is an order of
magnitude difference in arrival rate. As the.SNRTV
increases, the power in each impulse decreases, and is an
order of magnitude less for A=30,000. Conseguently; there
is less than an order of magnitude difference in errér.rate
at SNRTV = 30 dB and 35 dB. In fact, in the neighbogrhood
of 45 dB, the performance curves cross-over, and '
performance is worse with A=3,000. This behaviour is

exactly what one would expect at high SNRT because there

is more power concentrated in the impulsesvwith A=3,000.

With the same impulse arrival rafe (A=30,000) it is noted

that there 'is little difference in performance with impuise . i
amplitude distributions belonging to the generalized

Rayleigh family (¢=1 and «=2). However, performance ‘is

noticeably better with the log-normal amplitude )
distribution. This is not surprising either, because the -
log—normal distribution tends to have a greater proportioﬁ

of smaller'amplitudes than does the Rayleigh distribution

for the range of impulse noise powers considered (see

Appendix IV for details). The performance with Gaussian

‘noise is considerably better -than that for impulse noise

for SNRTV > 29 dB. The performance: crossover at. roughly

SNRTv = 25 dB is not unexpected, and is due to the. rather
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Figure 64: Performance of the Conventional Decoder
5 = . With an Ideal Channel In Various Noise
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infrequent occurrance of impulses compared to the
significant, ever present thermal noise. ©Note also that
the 50/50 mixture of gaussian and impulse noise results in

a considerable performance degradation relative to thermal

‘noise environments, but performance is considerably better

than it is in impulsé noise environments. It is.apparent
that in strong impulse noise environments, the SNRTV must
be in the neighbourhood of 40 4B to provide bit error rates

less than 1 x 10-3, which is not exceptional performance.

The performance using the averaging slicer decoder is
presented in Figure 65. A rather significant improvement
in performance is apparent. In impulse noise, bit error
rates less than 1 x 10-3 can be acﬁieved for SNRTV‘S
exceeding 36 dB, which corresponds roughly to a 4 dB
improvement. 'This is not at all unexpected, and is the
result of the decreased peak sensifivity of averaging
slicer. Note also that there is not as much difference
between the performance obtained with the log-normal and
Rayleigh impulse amplitude distributions, although, as

anticipated, performance is better with the log=-normal

distribution. With the gaussian and impulse noise mix,

performance at lower SNRTV'S is somewhat better with the
averaging slicer. With regards to impulse noise the same
fundamental trends hold, and there is a significant
degradation relative to thermal noise. In gaussian noise
the averaging slicer decoder also outperforms the
conventional decoder. To allow a better comparison, the
number of runs conducted at each signal to noise ratio was
increased to ten. The performance results are summarized
in Figure 66. Error bars on the averaging slicer results
are provided to give an indication on the variability. The
averaging slicer decoder provides a significant performance
improvement (roughly 2 dB in the 30-33 dB video signal to

noise ratio region).
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Characterizing Performance In Multipath Environments

When characterizing system performance in multipath
environments, attention must be restricted to the subset of

channels which provide, acceptable video quélity. There is

" absolutely no need attempting to provide Broadcast Telidon

service to customers that cannot receive useful television
pictures over the air. A procedure for estimating the
subjective picture quality of a multipath channel is
presented in Section 2.1 and discussed in detail in
Appendix II. This techniqhe uses a perceived DU ratio
which is essentially a signal to clutter ratio that takes

.into account the delay spread influence. Close in echoes

are much less annoying than similar strength ghosts with
longer delays. . As an example, a .PDUR of 13 dB implies an
annoying but usable picture (taken as the acceptability
threshold for asseséing Telidon System performance). A
PDUR of 20 dB corresponds to noticeable but only somewhat

“annoying echoes. It must be emphasized that acceptable

videq quality does not guarantee acceptable teletext
performance.

The multipath simulation program was used to generate
impulse response files, defined by a vector of delays and
magnitudes. These impulse responses were generated with
the parameters (average reflector area, and reflector
density) that provided the best match to the measured
impulse responses obtained in the Ottawa area. The
multipath channel subroutine uses this impulse response
file, and creates a frequency domain sampled version of the

channel frequency response:

Y gp, -janed,
C(f) =1 + 7} m.e e

i=1
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where f. is the random phase [-m,m] assigned to each
path
m, is the relative magnitude associated with the

i-th echo path

di is the relative delay associated with the i-th
echo path
N is the number of reflectors (echo paths)

comprising the impulse response

A plot of dominant paths of the channel impulse responses
that were used are provided in Figures 67, 68, 69, and have
PDUR's of 13 dB, 14 4B, and 20 3B respectively. As has
been mentioned earlier, multipath components can distort
the clock sync portion of the teletext signal by
superimposing delayed and attenuated versions of the signal
preceding the teletext data (i.e. blanking level, colour
burst, and sync tips). The degree of slicing level error
is a strong function of the phase aséigned to the dominant
echoes. For example, quadrature echoes (¢ = 90° or 270°)
are much less serious than inphase echoes (§ = 0° or

180°).

To  restrict ourselves to a manageable number of simulation
runs, we considered only the three multipath channels
mentioned above. To characterize performance for each
channel, we conducted 5 different runs, selecting different
echo phases each time, and repeated the same runs for
different signal to noise ratios and decoder models.
Selecting different echo phases on each run is equivalent
to selecting a different channel, although one with the
same delay spread and echo magnitudes. Due to the impact
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of channel variation on slicing level error (different
phases beihg assigned to the echoes), significant variatiQH
in the output results is observed from run to run (see
Tables 8 and 9). However, on the graphs summarizing
pefformance, only the mean performance over the ensemble of
5 runs (channels) is supplied. Error bars are not included
because they would spoil the clarity and add little of

value.

Performance of the conventional and averaging slicer
decoders has been determined with the above mentioned
nmultipath channels in white gaussian noise and "impulse and
gaussian noise" mixtures., Determining the appropriate mix
of impulse and thermal nbise is hampered by the lack of
measurement data. The other problem is that, in practice,
it would be so variable and dependent on measurement sites
(similar to the multipath channel variability problem) that
any choice is likely to valid somewhere, at some time.
However, to reduce the degrees of freedom somewhat, a fixed
value has been selected using Figure 70 [30]. AT 200 MHz,
urban man-made noise is roughly 24 4B (251.2 times)
stronger than typical thermal noise. Suburban man-made
noise is roughly 10 4B worse than thermal noise. Taking‘'an
average yields. impulse noise being 21 4B (125.89 times)
greater than typical receiver noise. This is the value we
used for.the ratio of impulse to gaussian noise, and we
assumed that the impulse émplitude distribution was truly
Rayleigh (¢ = 2.,0).- We conducted runs with X = 30,000 -and
A = 3,000, using both the conventional and averaging

slicer decoder models.

The average bit error rate performance for the multipath

channel shown in Figure 67, with PDUR = 13 dB, in a white

‘gaussian noise environment; is summarized in Figure 71.

The performance.of both decoder models for an ideal white.
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gaussian noise channel is also presented to provide an
indication of the degradation imposed by multipath. It is
apparent that the avéraging slicer provides a significant
average improvement in bit error rate relative to the
conventional decoder (rou@hly 3.5 dB) in this multipath
environment. It is also readily apparent that performance,
with this multipath channel, is significantly worse than
that obtained with an ideal channel, for both decoder ]
models., For example, with an ideal channel at a weighted
video S/N of 29 dB, which corresponds to a marginal TASO
subjective assessﬁent grade, errof rates of 6.5 x 10-% for
the averaging slicer and 3.7 x 10~% for the conventional
decoder are obtained. This corresponds to fairly reasonable
teletext performance. With the 13 AB PDUR multipath
channel, the corresponding error rates are 3.5 x 10-3 for
the averaging slicer and 1.25 x 10-2 for the conventional
decoder, which is relatively poor performahce. With an
ideal channel, the conventional decoder is roughly 1 dB
worse than the averaging slicer decoder over the signal to
noise region examined. The performance curve for ideal
recovery, with an ideal channel, for video S/N's between 25-
29 dB is also shown on Figure 71. Note that for this signal
to noise region, the degradation of the conventional decoder
relative to ideal recovery is roughly 2.25 dB. The
averaging slicer decoder is approximately 1.25 3B worse than
ideal recovery, indicating that there is still an
appreciable performance géin to be exploited. Improving the
clock phase recovery procedure of the Telidon system is the
next logical step.

- Performance of the two decoder models with the 13 dB PDUR

channel in a mixture of ‘impulse and gaussian noise (impulse

noise has Rayleigh amplitude distribution) is summarized

in Figure 72, The superiority of the averaging slicing

level decoder is clearly evident. In.fact, the performance
of the averaging slicing level decoder, for the high

impulse arrival rate (A = 30,000), is very similar to that
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achieved with the conventional decoder, for a much less

severe impulse noise environment (» = 3,000). Over such a
small'SNRTV range, there is little‘improvement in
performance with increasing SNRTV (curves are rather flat).

It is also interesting to compare the performance of the
conventional decoder in gaussian noise and the impulse-
gaussian noise mixture (A = 30,000). In féct, for

SNRTV < 29 dB, performance is better in the impulse-
gaussian noise mixture. Performance is guite bad, however,
with the error rate being in the 1 x 1072 neighbourhood.

It must also be emphasized that this is a channel that is

very close to the video quality acceptability borderline.

Performance of the two decoder types in a gaussian noise
environment with a multipath channel with a PDUR of 14 dB,
is presented in Figure 73. It is apparent from the impulse
response plot presented in Figure 68, that this channel has
a very significant close in echo (much more servere than
that of the 13 dB PDUR channel in Figure 67). The PDUﬁ,
which is used to estimate subjective video quality, éannot_
be used directly to estimate teletext quality. The
shbjective effect of close in echoes is not as annoying as
those with larger delay spreads for subjective video ‘
quality.. Conseguently, strong élose~in echoes, which will
cause trouble for teletext, can be tolerable from a video
quality viewpoint. In fact, a comparison of Figures 71 and
73 reveals that the performance with the 14 4B PDUR
multipath channel is worse than that obtained with the 13
dB PDUR multipath channel. Note that there.is a .
significant degradation relative to the performance with an

‘ideal channel. This degradation is a result of the

intersymbol interference introduced by the channel and the

slicing level error introduced by multipath. It is

1interesting to note that the-averaging slicer has a

significant advantage over the peak sensitive conventional
decoder. Note also that the performance of the

conventional decoder does not improve significantly as
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the video signal to noise ratio increases. (Note that
SNRTV = 33 dB corresponds to a passable TASO grade and
§NRTV = 39 dB corresponds to a fine grade). Even with a
ASNRTV = 40 4B, the error rate is still above 1 x 10-2,

This is exactly the sort of error rate behaviour one would
expect from a significant slicing le&el error {i.e. the
error rate for bits with the same polarity as the slicing
level error decreases much slower than it would in the
absence of a slicing level error). The performance with
the averaging slicer is considerably better. To ‘achieve a
bit error rate of 8'x 10~% or lower, the video S/N must
exceed 35 dB.

A comparison of the performance achieved by the two
decoders in the impulse-gaussian noise mixture for the same
multipath channel. is presented in Figure 74. The
superiority of the averaging slicer decoder is clearly
evident. As indicated in Figure 74, the performance of the
decoder with the averaging slicer for the worst case
impglse arrival rate, A = 30,000 per sec, is considerably

better than that achieved by the conventional decoder in a

much less severe noise environment with an impulse -arrival’
rate of 3,000 per sec. In comparable noise environments,
there is roughly an order of magnitude difference in the
performance between the two decoders. For what seems like
a fairly realistic impulse arrival rate (A = 3,000 per
sec), one can achieve error rates that are better than

1 x 10~3 for TV SNR's exceeding 35 dB with the averaging
slicing level decoder. Making a comparison between the
performance in gaussian noise (Figure 73)'and that for an
impulse-gaussian noise mixture with » = 3,000 per sec
(Figure 74), it is evident that performance is better in
the mixed noise environment for SNRTV‘S less than 34 dB
with the averaging slicer decoder.. However, for SNR's
above 34 dB, there is a much greater improvement with

increasing signal to noise ratios in the gaussian noise

environment.
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Because error correction and detection coding is to be
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The multipath channel with PDUR = 20 4B, shown in Figure
69, has a significant close in echo.. The performance of
the conventional and averaging slicing level decoders in

various noise environments with this multipath channel is

‘summarized in Figure 75. 1In a Gaussian noise environment,

the loss relative to an ideal channel is considerably less
than what was observed previously for the 13 dB and 14 4B
PDUR multipath channels. The averaging slicer has
approximately a 1.8 dB advantage over the conventional
decoder in this multipath environment. In the mixed
impulse-gaussian noise environment, the averaging slicing
level decoder is clearly superior, but its margin is. not
quite as great as it was for the more severe multipath

i — performance |
in impulse noise dominated environments is better than in T

channels. As is characteristic, at low SNR

gaussian noise. The opposite is true at high signal to
noise ratios. At SNRTV'S exceeding 33 dB (TASO quality
grade 1s passable as a minimum) performance is guite good
(error rate less than or equal to 1 x 10-%) with the

decoder which estimates the slicing level via averaging.

enmployed in the Telidon system, the input error rate that
can be handled can be relaxed somewhat. However, it is
unlikely that the input error rate can exceed 1 x 103
without imposing some severe penalty, in terms of either
delay or missed errors. The tyvpe of noise influences the
burstiness of errors (impulse noise is thought to cause
bursts of errors) and thereby the choice of error
protection coding required to combat errors. Taking

1 x 1073 as the threshold error rate, it is apparent that
the existing system (employing peak detection circuits for
slicing level estimation) cannot achieve this performance
level with multipath channels near the video acceptability
threshold, even for video signal to noise ratios
corresponding to TASO Grades Fine and Excellent.
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Furthermore, in mixed impulse-gaussian noise environments,
with impulse noise power 21 4B greater than the gaussian

noise component and with a Rayleigh impulse amplitude

distribution, this performance level cannot be attained for

the multipath channels investigated with PDUR's near the
adceptable limit. With these channels, the averaging
slicing level decoder improves performance considerably.
The performance threshbld is surpassed for signal to noise
ratios corresponding to TASO grades Passable, Fine, and
Excellent. '

Performance with the PDUR = 20 4B multipath channel is
considerably better. The performance threshold can be
achieved for realistic video S/N (corresponding to a
Passable TASO grade) in thermal noise environments with the
conventional decoder. In predominately impulse noise, the

threshold is attained for SNRT 's greater than 40 dB.

vV
Significant increases in coverage area will be realized if
the present peak detector slicing level technique is

replaced by a low pass filter (averaging). Improved timing

recovery procedures will also have a significant impact on

coverage area. It is also apparent that to achieve an
error rate of less than 1 x 10‘3‘for‘all SNRTV‘S greater
than or equal to 29 dB (corresponding to marginal video
quality or better), channel equalization will be essential
for channels with poor subjective picture quality. The
value of equalization in impulse noise dominated

environments is debatable.

Evaluating The Effectiveness of The Error Protection

Coding Presently Employed in Telidon

Error protective codes for use with the data block are
based on the odd parity of every byte in the block. The
Hamming (8,4) symbols of the headers and prefixes also have
odd parity. Presently, either no suffix byte or only one

suffix byte is used. When no suffix is included, PDI
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error protection is simply a byte by byte parity check,
capable of detecting an odd number of 'errors in each byte.
When one suffix byte is included, it contains a
longitudinal parity check for the entire Data Block, as

shown in Figure 76. This scheme, often referred to as the

" "product" code, permits the correction of only one error in

the data block, the detection of some even numbered bit
errors per byte, and the detection of all odd numbered

errors per byte.

With our simulation'érogram, the errors in the bit stream
at the channel output (input to the error correction and
detection decoder) are logged. These error sequences can
then be analyzed to determine the error autocorrelation
function, gap length and burst length distribution
functions, and other typical error statistics. These error
sequences (after being Exclusive OR'ed with an appropriate
[ odd parity]| zero data sequence) can then be decoded by a

"series of potential coding techniques to assess their

relative performance.

In order to evaluate possible channel and decoder
enhancements, a procedure for relating errors to
performance degradation (cOrtuption and delay) was
developed. To do so, errors had to be categorized as to
their severity, which requires knowledge of the Telidon
message structure and error protection in use. A proposed
categorization of errors is presented in Appendix VI of
[15], where an attempt to predict the effects of errors

within different sections of the Telidon message is

discussed. A brief summary will be presented here for

completeness. Errors can either be corrected, detected, ovr
missed. Detected errors result in delays (waiting to re-
receive the packet) while missed errors can result in
either delay or image corruption, depending on their

position. By assuming an averade record composition (a
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record was assumed to consist of a 33 byte header block
followed by 50 data blocks including brefix segments)
expressions were developed for the packet rejection

probability, R, and the average number of PDI errors per

record, Nc. To evaluate these expressions for R and Nc’ an

error analysis program was developed to measure the

following quantities:

a) ay = Py (1,5) = the probability of 1 missed byte
error in 5 bytes (not detected)

(o)
Q
H
~1 U
2]
jasi
>
=
o
wm
§

the probability of more than 1
missed byte error in 5 byte (no
error detection)

c) ay= ) P (2,33) = the probability of at least 1

missed byte error in 33 bytes (no
" error detection)

d) By =D (5) = the probability that-at least 1
error is detected in 5 bytes

®
w™
1

D (33)

5 = Dyam the probability that at least 1

error is detected in 33 bytes

£) PDD = the probability that the packet is
rejected due to PDI error detect-—
tion (post-decoding PDI rejection
rate with selected block code)

g) ND = Average number of post decoder PDI errors that

were not detected per packet.

Note that the subscript HAM refers to Hamming (8,4)
protected bytes.

These fundamental quantities are used to determine the
following important parameters:
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a) PHC = the probability of a header

. corrupting error situation in a

packet

b) PPC = the probability of packet
corruption due to missed errors

in the prefix

c) PPD- = the probability that the packet

is rejected due to the prefix

d) Pup = the probability that the packet
is rejected due to detected

errors in the header

We will not go into the justification details (see
Apppendix VI of [15]), but it can be shown that:

Pue = ;i

PPC = 0.2 aq

PPD.- = 0.8 oy + ¢, + Bl
P = ‘a3 +

HD FE By

The overall packet rejection rate, R, and the number of PDI
errors per record, NC, (for a record containing 50 data
packets) can be approximated by:

R= P + 0.98 (P, + P [1-P

Nc = 24.5 (P,~ + P, [1-P

Ho e +50 N (1-[Pp. + P

DD]) pPC PD])

The error analysis program computes the above packet
rejection rate and number of PDI errors per record for both
the byte parity check case and the product code. Some

other useful quantities that are output include:
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(1) the pre—-decoder bit error rate,

(ii) the number of bit errors corrected,

(iii). the number of bit errors introduced by false

correction,

(iv) after correction bit error rate (this includes
packets which have errors that could be detected ...
we are simply .ignoring the detection capability),

(v) after correction and detection bit error rate

(excludes those packets which have detectable
errors),

for the various block codes employed. The format is
illustrated in Table 10.

‘Establishing Realistic Bounds For Acceptable Packet

Rejection Rates and Number of PDI Errors Per Record

Ideally, acceptable limits on R and Nc should be
established by subjective testing, as the values are likely
to be highly variable due to differing personal opinions.
However we must establish realistic bounds without the

benefit of the results of such subjective tests.

In [15], a rough bound on the packet rejection rate was
established. It was based on the results of an MCS study
"Comparison of Error Correction", where it was found that
the mean waiting time increased.dramatically for bit error
rates greater than 10~%. This was based on random error
statistics and a similar block length to that used in
Telidon (i.e. 256 bits). Assuming that essentially all
errors can be detected, the packet rejection rate is given
by:
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6

j29]
»

25
1- (1-p,)

i

256 p, = 2.5 x 10-2

To gét a better feel for the average amount of time between
retransmissions, we can compute the mean number of records
which is given by:

between retransmissioqs,iNRR,
' _ (1-R) 4
NRR RL
where L = the number of packets per record (assumed to be

50).

Usihg R = 2.5 x 102 and L = 50, the average number of
records between retransmissions is 0.78, which is not very
good performance. Consequently, when R exceeds 2.5 x 10-2,
it is safe to classify this as unacceptable performance.

In fact, some limited subjective testing should be
conducted to either support or contradict'this bouna, and
if the latter, provide data that could be used to derive a
reasonably tight bound.

In [15], a maximum number of byte errors per picture (15.5)
is derived based on the maximum bit error rate of 5.5 x

10™* quoted in Treurniet's subjective tests [31] and the

" average number of bits per picture (page) which was 28,228

[31]. Assuming 50 data packets per record, with 28 data
bytes per packet, the average number of records per picture
is approximately 2.5. Therefore a reasonable bound on the

number of PDI errors per record is:

Nc(max) = 6.2

It must be emphasized that subjective quality in [31] was
established using.pictures (maps) as opposed to textual

(2.17

; there are obvious errors on page 28, equations

*In | 33]
) and (2.18).
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information. Because the subjective tests were based on
only oné sbecific.type'of graphical image, one must be
cautious of the above figure. Clearly subjective tests,
with a variety of pictures and mixes of graphical and
textual information, should be performed to ensure
realistic limits on PDI error rate and the tolerance to
delay. However withput the benefit of such information, we

will use R = 2,5 x 1072 and Nc (max) = 6.2,

(max)
It is interesting to examine some of . the requirements of
the Japanese Teletext system presented in [32]. Their
major objective was achieving a page error rate of 5x10-2,
and they make no distinction between errors that can be
detected {which result ih‘retransmission) and missed errors
(which result in.corruption). It is remarked in [32] that
the above page error rate is considered to be rather severe
compared to those for other systems developed in other

countries.

In the Japanese system, a page consists of 8 packets of 34
bytes each (total of 272 data & control bytes).
Consequently, one of our records, composed of packets with
33 control & data bytes, corresponds to roughly 6 Japanese
ﬁages. First let us assume that'the majority of errors can
be detected, in which case the page rejection rate (P_) is

5 x 1072., The average number of pages between
‘ 1-p_ -
5 R =.19., Converting this to our

R

retransmissions is
. - R
standard record, we obtain:

Average Number of Records Between Retransmission = 3.2
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which is.significantly better than what was obtained using
R (max). In fact the above corresponds to a equivalent
packgt rejection rate, Req’.OE 6.2 x 1073, which is a
factor of 4 better than R (max). Since this is supposed to
be a stringent requirement, one should be able to findié

reasonable value between 2.5 x 1072 and 6.2 x 1073,

The page error definition used in the Japanese calculations
[32] is somewhat bizarre. If a packet has more than 2

_error bits it is regarded as an error block. If there are

two or more error blocks in the page of eight blocks, the
page is referred to as an error page. Note that these
errors could be detectable errors. Acceptable pages can. be
guaranteed if the .upper limit on the number of errors per
line is one, which corresponds to one byte error per
packet. The threshold bit error rate for the.Japanese
system was 5 x 1073, At this error rate, the probability
of error detection is much greater than data corruption'(by
at least an order of magnitude) for most codes. On page 22
of [33], the validity of the above assumption for the SAB
and S&S codes for bit error rates exceeding 4.96 x 1073 is
clearly demonstrated. Consequently we can take T% byte
errors per packet as an upper limit on the number
corrupting errors (undetected). This translates into

NC T% * 8 packets/Jap.'page * 6 Jap. pages/MCS record

1f

4,8 PDI errors/record.

This upper limit is in reasonably close agreement with the
limit of 6 PDI errors/record extrapolated from the
subjective tests conducted by Treurniet [31]. The only
major question mark is whether or not the bound on'R is

tight enough.
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System Performance with the Product Code

As mentioned earlier, the existing Telidon system uses
elther byte parity, which iny detects errors, or the
product code, which has weak correction but strong
detection capabilities, for error protection.
Unfortunately, the capability of storing error sequences
was not available when the simulation runs for the
multipath channels with PDUR's of 13 dB and 14 4B were
conducted. Error analysis was conducted for the -20 4B

PDUR nmultipath channel (pre-correction results summarized
in Figure 75) and for the ideal channel (pre-correction
results summarized in Figures 64 and 65) for the log-normal
and Rayleigh (¢ = 2) impulse noise environments with an
impulse arrival rate of 30,000 per sec. The most'important
quantities for assessing performance are the overall packet
rejection rate, and the number of PDI errors. per record.
The tedious task of evaluating the mean rejection rate, and
mean number of PDI errors per record.at'each signél to’
noise ratio has been completed, and the results presented.
graphically. |

To begin we wili examine the results for the 20 dB PDUR
multipath channel. - The packet réjection rate versus SNRp,
for gaussian noise is presented in Figure 77. As expected,
the product code (with its limited correction capabilities)
is better than using only.the byte parity (which only
detects errors). Beécause of é lower input error rate, -the
performance with the averaging siicing level decoder is
superior to that of the conventional decoder. The
acceptability threshold (Rméx
with the product code at the following SNR

= 2.5 x 1072) is achieved

v:
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Figure 77:
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Decoder : SNRTV TASO Grade

Conventional
(peak detector 33.6 Passable

slicing circuitry)

Averaging ' 31 Marginal-Passable
(slicing level
estimated via

averaging)

Fdrthermofe, with the conventional decoder, the packet .
rejection rate at SNRTV = 35 dB is 7 x 10-3 (which is close
to the stringent Japanese requirement). It is apparent
that reasonable rejection rates with the existing Telidon

system can be attained for SNR.,'s that provide."Passable"

TASO signal grades with this miztipath channel. It is very
unlikely that the same will be true for more severe
multipath channels, as the error rate at the input to the
decoder is at least a factor of three higher with the 13 dB
and 14 dB PDUR channels in this signal to noise ratio

region.

The packet rejection rate versus SNRTV for the most severe
impulse ~ gaussian noise mix (A = 30,000) is shown in
Figure 78. Note that there is really not a tremendous -
difference between the results for both decoder types.
Using only byte parity is clearly inadequaté and with the
product code the acceptability threshold is attained around
SNR,,, = 40 dB. Similar statements hold with less severe

™V
impulse noise (A = 3,000), except that there is not such a

dramatic difference between the produdt code and using only

byte parity (see Figure 79).
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In gaussian noise environments, the average number of PDI
errors per record for both the averaging and conventional -

decoders, was well below Nc(max) = 6.2, for both the
product code and byte parity check. In fact, the worst
case averagdge (at SNRTV = 27 dB) was l.4. This can be

attributed to the error detection capabilities of the above
techniques, as well as the isolated, randoﬁ nature of
errors in guassian noise environments. In the most severe
mixture of impulse and gaussian noise, one can see from the
results presented .in Figure 80 that the average number of
PDI errors per record is well below the threshold value
(6.2) with the product code. The product code, with its
weak correction capabilities, is as expected, superior to
the byte éarity check. 1In less severe impulse and gaussian
noise, there is little difference between the conventional
and and modified averaging slicer decoders, and the average
number of PDI errors per record is well below the threshold
Nc(max) = 6,2 (see Figure 8l). The after—correétion'bit
error rate, which gives an indication of the correction
capabilities of a code, is presented in Figure 82. '
Comparing this with the pre—-decoder bit error rate (see
Figure 75) one nOtiqes only a very slight improvement.
Given the weak correction capabilities of the product coée
this is ﬁot surprising. '

Error sequences for runs conducted with an ideal channel in
a rather severe (A = 30,000) impulse noise environment,
with log-normal and Rayleigh (A = 2.0) amplitude
distributions, ‘were analyzed. The packet rejection rate

results for the Rayleigh amplitude distribution are

presented in Figure 83. Note that SNR must- exceed 43 dB

vV
in order to surpass the 2.5 x 1072 threshold. As expected,

the results for the averaging slicing level decoder are

‘better than those for the conventional decoder. As

expected (lower input error rate), the packet rejection
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rates are lower in log-normal impulse noise (see Figure
84). For the product code, the rejection rate threshold is

crossed at SNRTV = 40 dB. One really must be able to

‘assess the subjective picture quality in such levels of

impulse noise before. one can determine whéthe% the
performance of the existing system is adequate or
deficient. The average number of PDI errors per record,
for Rayleigh and log—-normal impulse noise, are presented in
Figures 85 and 86, respectively. As is evidenced, the
values for the prodgct code are well below Nc(mak) = 6,2
over the complete signal to noise ratio range investigated.
This can be attributed to the strong error detection
capabilites of this code. The after-correction bit error
rates are shown in Figure 87. It is interesting to compare
these results with the pre-coding error rate, illustrated
in Figure 64 and 65. There is a marginal improvement in
Rayleigh impulse noise with error sequences from the
conventional decoder. A much more dramatic improvement is
noted for Rayleigh impulse noise with the averaging slicing
level decoder and in both cases for log-normal impulse

The correcting capabilities improve

™vV®
dramatically as the input error rate approaches 1 x 10—%,

Concluding Remarks

The clear superiority of the modified decoder (which _
determines the slicing level by averaging) in gaussian and
impulse noise environments, with and without multipath, has
been demonstrated. Still, there remains a significant
degradation (roughly 1 dB) relative to ideal recovery. It
is anticipated that implementing the recommended clock |
phase recovery procedure will improve performance
considerably. Given the potential gain, this should be
given high priority. ‘
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Under relatively favourable conditions (not severe

multipath),'adequate performance (in terms of delay and

corruption) seems to be achievable for television signal to

noise ratios corresponding to.passable TASO signal grades.

To extend coverage to regions with lower signal to noise

ratios, improved coding techniques and/or channel

equalization would be necessary.

It is interesting and promising

least able to attain acceptable

noise with the existing system,

‘SNRTV. One needs to be able to

to discover that one is at
performance in impulse
although it is at high

establish acceptable

subjective picture quality thresholds for impulse noise

environments. One could then improve the system to give

adequate performance whenever usable television pictures

could be obtained, or a least as
limit as possible.

close to this subjective
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APPENDIX I: PULSE SHAPING FOR TELETEXT

INTRODUCTION

In recent years a considerable amount of effort has gone

towards the development of Canada's television ‘broadcast

‘teletext system, Telidon. Like all data transmission

systems a crucial goal is the reliable transmission of data.
Al though many factors have an impact on this goal, the
choice of a suitable pulse shape has received a great deal
of attention lately [1][2][3][4][5][6]. This appendix is
primarily concerned with the pulse shaping issue but also
discusses some other related issues such as audio buzz,

adaptive "slicing level", and bit phase synchronization.

Much of the effort has concentrated on raised cosine pulse
shapes with various roll-off factors. 1In fact the current
specified pulse shape is a truncated 100 percent raised
cosine [7]. It has been pointed out that although the

“raised cosine family of pulse shapes are fairly good, it may

be pqssible to do better if one searches over a wider class
of pulse shapes for the one that is in some sense optimal
[4]. As a result of this observation a comprehensive
collection of pertinent facts and formulas were compiled [l]
to aid further research. Also, the Communications Research
Centre let a contract to the University of Toronto to study
the pulse shaping problem. The study culminated in an

excellent report [2] and several papers [3][8][9]. However,

certain aspects of pulse:shaping were not adequately dealt

with. These include:

+ Minimizing the overshoot at the transmitter is not

considered.
* The recommended pulse shape is not realizable.

* The zero phase assumption for the frequency response is

not justified.
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- The assumed receiver filter is not representative of
typical television receivers.

Here, we will address these and other topics, using the

University of Toronto report [2] as a starting point.

Ideally, the overall objectives of this pulse shape design
are as follows:

- Minimize the probability of bit error subject to the other

design objectives being satisfied.

« The overshoots, at both -the output of the transmitter and
the baseband channel of the receiver, should be

constrained at acceptable levels.

+ The pulsé shape design should lead to specifications that
are compatible with the current television broadcast

specifications.

+ The overall pulse shape should be reasonably robust in the
presence of multipath.

+ It is desirable that the receiver requirements be kept as

simple as possible. That is that any necessary complexity
and stringent specifications should be transferred to the

transmit side if possible.

. The bandwidth should be constrained to the 4.2 MHz NTSC

video bandwidth.

One possible approach for meeting the above objectives is to
define a massive nonlinear optimization. that attempts to
éimultaneously achieve the above goals, but this is beyond
the scope of this contract. Another approach is to try to
decompose the problem into §everal smaller more manageable
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problems (that are hopefully approximately orthogonal) and
handle éacﬁ one separately. This is the approach taken
here. Although some of the above objectives are not
incorporated in the pulse shadpe design, all are discussed.

It is assumed here that some form of coherent demodulation
is used at the receiver. Therefore the complex baseband
model, that is shown in Figure 1, can be applied. Here,
P(f) is the teletext transmit filter. Since this filter is
implemented at baseband, it will have a purely real impulsé
response. T(f) ié the effective television broadcast
transmit filter. It includes the effects of the.
transmitter's IF filter, zonal filters, harmonic filter, and
aﬁy fixed' (but typically adjustable) equalizer. Since .this
frequency response must be asymmetrical about the-carrier_
frequency, its baseband representation will have a complex
impulse response. C(f) is the frequency response of the
channel, including multipath and the transmit and receive

antennas, and is assumed to be of the form

2
N
C(f) = C(£)[ } cp(t)e
: om1

—j21Tpr] , (1)

A . :
where C(f) is the channel response in the absence of

multipath (usually taken to be unity), P is the number of
propagatioh paths, and cp(t) and Tp are the complex Qath
gains and the path delays, respectively. Note that angles
of the complex path gains incorporate any phase offset in
the recovered carrier (whichAin turn is a function of the
multipath structure of the channel). R(f) is the effective
television receiver filter. Since this frequency response

must be asymmetrical about the carrier frequency, its

_baseband representation will have a complex impulse
‘response. L(f), is the teletext receive filter. This

filter will probably'be implemented at baseband and
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therefore-will have a real impulse response. It is
desirable that this filter be kept very simple. Note that
the model of Figure 1 does not include an adaptive
equalizer, however such a facility can easily be

incorporated at a later date.

The organization. of this appendix is as follows. Section
2,0 contains a general discussion about pulse shaping. In

Section 3.0, overall pulse shape design is considered.

Then, in Section 4.0, the apportioning of the pulse shape is

"discussed along with a reasonable approach to specifying it.

Section 5.0 briefly discusses audio buzz, slicing level and
symbol synchronization. Section 6 contains conclusions  and

recommendations.
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A GENERAL DISCUSSION ABOUT SEVERAL ISSUES RELATED TO PULSE
SHAPE DESIGN ‘ '

Here, we consider some issues that affect the choice of the
overall pulse shape. By overall, we mean from the input of
the baseband teletext transmit filter to the input of the
sampler (see Figure 1). One of the key requirements on the
pulse shape is that it meets (or at least almost meets)
Nyquist's first criterion. Because of the importance of
this requirement, and in order to gaid some further insight,

'we begin with a brief tutorial discussion on Nyquist's first

criterion.

Let the transfer function of the overall real baseband
channel be denoted by H(w).

The model, to be discussed, can be seen in Figure 2. In
order for there to be no intersymbol interference it is .

necessary that

- {l k=m
0 otherwise’

h (kT (2)

b)
where mT, is the propagation delay of the channel. Here it
has been assumed that the symbol timing recovery circuit
(i.e. the sampling synchronization circuit) is operating
correctly. -If the constraint given in equation (2) is
satisfied then '

2]

h(t) § & (t-kT

k=00

p) = 8 (t-mT ), (3)

where 6 (t) is the Dirac delta function which is defined by

[ f(t) § (t=T_)dt = £(T_). ' (4)




16—

Figure 2

I-7

H(w) |_Ate) -
]

r- T TN
: Sampler i ‘ '
‘"~{g} —-oF h(xt ) 6 (
I | k=-w b
- i A
{
| CL |
' !
1T 6 (t-xT )|
| k=—o |
|
| |
Lo e e m - - J

A model for the transmission of
a sampled linear channel

t-kT

)




[-8
The Fourier -transform of equation (3) is given by
Hw)* ] g s(w-5) = ™9™, | (5)

where * denotes the convolution operator. Egquation (4) can
be used to show that '

Equation (6) is the Nyquist I requirement for no intersymbol
interference. Note that this relationship indicates that
the aliased version of H(w) must have a constant amplitude
(i.e. the sampled pulse shape has a "white" spectrum) and a
linear phase if the channel is to be free of intersymbol
interference. Clearly, the aliasing is due to sampling at
the symbol rate. Typically, the propagation delay of the
channel is conceptually removed, since a fixed delay -should.
not affect the intersymbol interference at the receive end.
In this case equation (6) reduces to

2n k
Y Hlw - )
- . Tb

= Tb' ' (7)
k

At this point it becomes clear why it is desirable to c¢hoose

a zero phase pulse shape. From equation (7) it can be seen

that aliasing due to symbol rate sampling will not result in

destructive interference, between frequency components of

the pulse shape, only if H(w) is real and nonnegative. An

example -of a pulse frequency response that is poor, in this
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respect, can be seen in Figure 3. Clearly, if such a pulse
shépe were used, most of the transmitted energy would be
lost due to aliasing upon symbol rate sampling. For the
above reason, we will restrict our attention to zero phase
pulse shapes. For this case, if H(w) is zero beyond the
interval —2ﬂ/Tb <m<2n/Tb, then the channel will not exhibit
intersymbol interference if the "folded" spectrum possesses
symme try about Tb/2. This concept is illustrated in Figure
4b. A common example of this type of transfer function is
the raised-cosine transfer function. However, many other

"pulse shape transfer functions fall in this category.

In .addition to satisfying (or almost satisfying) Nyquist's
first criterion, it is desirable that the eye be wide so’
that performance is relatively insensitive to bit timing
error and jitter. 1In some early works, Nyquist's second
criterion was stated as an objective that would ensure a
wide eye. However, it is well known that it is hotApdssible
to simultaneously satisfy both Nyquist I and II unless the
channel bandwidth is equal to or greater than the symbbl
rate. In this effort, Nyquist II is not included as a
direct objective although closely related objectives such as
small overshoots and insensitivity to timing Jjitter are ‘
included. - |

A key objective of the pulse shape design is to keep most of
the energy of the pulse shape within several symbol periods
of the main lobe. (Recall that the pulse shape will be
symmetric about the main lobe). There are several reasons
for this but perhaps the most important reason is
realizability. 1In general it is much easier to closely
approximate a symmetric impulse response that is of short
duration that one with a long precursor. and tail. At this
point it is appropriate to ﬁention that a compact impulse
response has implications to bit clock phase recovery. Note
that during the clock run-in period many decoders (e.g. the
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present decoder employed in the Telidon system) attempt to
recover the clock phase. At baseband, this 2 byte period.is
essentially a CW signal at one half of the bit rate, in
addition to a DC component that is due to the carrier. If
the pulse shape is zero phase, then the phase of the clock
run-in signal will be correct (just prior to the sampler)
except for transients occurring at the start and the end of
the 2 byte sigﬁal. Clearly the duration of these transients
is equal to the duration of the precursor and tail of the
pulse shape impulse response. It is. interesting to note
that if the clock'phase is recovered during the clock run—-in
sequence, the phase error is not directly related to eye
width. Intuitively, this is because the eye width takes
into account all possible combinations of plus and minus
ones, whereas during the clock run-in signal we are not

faced with all possible combinations.

One of the objectives, that has already been stated, is the
minimization of overshoots. Here, we are referring to’
overshoots in the receiver's baseband channel. Overshoot's
at the transmitter will be addressed in a later section.
There are several reasons for restricting the overshoots
(and undershoots). Reasons given include the avoidance of
false synchronization (i.e. overshoots being mistaken for
sync pulses by the television receiver) and visibility on
retrace {(although this is expected to be a relatively weak
function of overshoot). Excessive overshoots have also been
blamed for causing audio buzz although the sources of audio

buzz do not appear to be very well understood. Sousa and

Pasupathy state that "the overshoots should be restricted so -

as to minimize the effect of multipath propagation" [3].
There is indeed some relationship between the size of the

overshoots and the effects of multipath propagation, but it

"is not as strong a relationship as one might hope because of

the vestigal sideband nature of the transmission system.
The effects of multipath propagation on the vestigal
sideband teletext transmission system of Figure 1 will now

be discussed.
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Let the transfer function from the input of the baseband
teletext transmit filter to the output of the baseband

teletext receive filter be given by"

P
Fal .
H(f) = H(£)[ } cpe"JZ“pr]. (8)
p=1 '
Here,
. >
H(f) = P(£)T(£)C(£)R(E)L(E) (9)

is the transfer function of the channel in the absence of
multipath, ‘and the summation on the right-hand side of

equation (8) represents the multipath propagation. Also let

the argument of cp be denoted by ep.

Here, we begin by considering the case where no multipath is

L3
present. In this case H(f) = H(f). An example of a

possible H(f) is illustrated in Figure 5a. Due to the

- vestigal sideband nature of the data transmission, this

transfer function exhibits a local antisymmetry about £=0.
The transfer function H(f) can be decomposed into two
components, a symmetrical component ‘

Hi(f) = 1/2[H(f) + H*(-f)], (10)

and an antisymmetrical component

* - -
H (f) = 1/2[B(f) - H (£)], (11)

. ) _
where H- denotes the complex conjugate of H. The global
symmetry, about £=0, of HI(f) guarantees that the

corresponding impulse response is purely real. Therefore,

.
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HI(f) represents the transfer function of the inphase
channel. It is HI(f) that is the transfer function upon
which the pulse shape design is performed. For example

HI(f) has often been chosen to be some type of raised

cosine., Usually HI(f) is chosen to meet or nearly meet
Nyquist's first criterion.

The global antisymmetry, about £=0, of HQ(f) guarantees that
the corresponding impulse response is purely imaginary.

Therefore, (f) represents the transfer function of the

By

‘quadrature channel. In general HQ(f) will not satisfy

Nyquist's first criterion and indeed for the ideal situation
there is no reason why it -should. However, consider the
case where there is some phase offset 6, perhaps due to

nonideal carrier recovery*. In this case

&N . .
H(f) = c H(f), ' ‘ (12)
where lcl, = 1 and arg(cl) =6, It is straightvforward to

show that the resulting inphase (i.e. that seen by the
sampler) impulse response 1is

_h (t) = (cosé)h

9

I(t) + (sinG)hQ(t), (13)

where hI(?) and hQ(t).are the impulse responses
corresponding to HI(f) and'HQ(f), respectively. Note that

even though the "overall"” pulse shape satisfies Nyquist's

first criterion, significant intersymbol interference can

result due to nonideal carrier recovery, because hQ(t) will

not have the desired zero locations! This is in contrast to
the usual mode of BPSK transmission where both sidebands are
transmitted. An implication of the above observation is

*In practlce such” a phase offset would typically be slowly
time varying, .
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that a quasi—synchrOnous.détector ismlikely to exhibit
performance that is far from optimal. Ideally what is
desirable for carrier recovery is a phase locked loop
circuit with a relatively narrow loop bandwidth. However a
fairly wide loop bandwidth is necessary for some television
applications such as for tracking phase variations

originating in video games or resulting from incidental

phase modulation due to a poor television transmitter.

Perhaps the simplest way to solve this dilemma is to employ -

a phase locked loop. circuit that is switchable between two

"loop bandwidths, a narrow one for teletext, and a wider one

for other applications. Such circuits are féirly 'standard
for high data rate applications because it is often
desirable éo have a relatively wide loop bandwidth for
carrier acquisition and a narrower loop bandwidth for
carrier tracking. The‘variability of the loop bandwidth is
usually achieved by switching an additional resistor or
capacitor in or out of the loop filter circuit. Also,
sideband asymmetry due to the "Nyquist slope" region of the
receiver's IF filter can be responsible for a significént
amount of time-varying phase offset. Therefore it is '
desirable that sideband symmetry about the carrier be eithgr

retained or re-established prior to carrier recovery [13].

We now returh to the multipath problem. Equation (8) can be
written in the form

p- , (14

Récalling that the exponential terms correspond to pure
delays in the time domain and applying equations (12) and
(13) yields the resulting inphase impulse response.
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. P
hyp(t) = ) aphI(t—Tp)
p=1
(15)
P .
+ Z b hQ(t"Tp)l
p=1
where .
a = IC ICOSe
P P
(16)
b_ = lc fsine .
p p

P

Note that Ehe direct path may no longer have unity gain é&and
zero phase because multipath propagation will affect both
the phase of the carrier and the AGC. A couple of
observations should be made about equation (15). One is
that when multipath propagation is present with Vestigal
sideband transmission,. the inphase channel does not ‘
experience pure multipath but rather a superpcsiticn.cf the
multipath channel operating on both the inphase and
qgquadrature channels. Thus the distortion due to multipath
prdpagaticn can consist of two components, one from the l
"inphase channel multipath" and oﬁe from the "quadrature
channel multipath". It is not difficult to show that the
peak overshoot of the ideal inphase signal (i.e. no
multipath or phase rotation) will place an upper bound- on
the amount of eye closure that is due to the "inphase
channel multipath" component but the peak overshoot does not
appear to be directly related to the amount of eye closure
due the "quadrature channel mulipath component™. It should
be noted that the rather simplistic model used in [2] ‘and
[3] does not encompass quadrature multipath, since that
model only allows real path‘gains. However characéerizaticn
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of multipath at complex baseband usually reguires complex
path gains*. Thus although there is some relationship
between the peak overshoot and the sensitivity to multipath,

the relationship is a relatively weak one.

On several occasions it has been pointed ouﬁ that in order
to perform near optimal ‘equalization for multipath
propagation a complex equalizef (i.e. one that operates on
both the inphase and guadrature signals) is required.
However for vestigal sideband communication the complex

"signal is still required for optimal performance even when

no equalization is necessary. Surprisingly the author has
never seen this point brought out in the teletext literature
even thougﬂ a great deal of effort has gone into coding and
pulse shaping in an effort to squeeze an extra couple of dBs
of performance out of the system. From Figure 5 it can be
seen that, in the absence of multipath propagation, an
equivalent model to the one in Figure 1 is the moﬁel'fhat is
illustrated in Figure 6. Absolutely no use is being made of
the signal energy that is transmitted in the quadraturé

"channel, which is almost as much as the signal energy in the

inphase channel. 1In fact the SNRs of these two channels
will usually be almost the same. However the noise in the‘
inphase and guadrature channels will be highly correlated,
so the gain from utilizing the energy in the quadrature '
channel may be marginal. Ideally, maximum likelihood

sequence estimation could be used on the received complex

signal in order to mdke use of the energy in the guadrature

channel. Unfortunately maximum likelihood seguence
estimation is probably not practical at teletext bit rates.
A-more practical scheme is illustrated in Figure 7. Note
that a fixed decision feedback equalizer is necessary to

achieve

*Channel measurements performed by CRC have clearly
demonstrated that complex path gains are required to

characterize the multipath channel.
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nearly optimum performance because of the null at £=0 in the
gquadrature channel., It should be emphasized that the fixed

eq&alization discussed here is simply for utilizing signal

- energy in the quadrature channel and should not-be confused

with adaptive equalization for the compensétioﬁ of .multipath

‘propagation.

The above discussion leéds to an interesting question. Why
was vestigal sideband BPSK chosen as the modulation
technique in the firs; place? In many ways it seems like a
rather cumbersome choice. The author suspects that this
modulation technique was chosen by historical evolution
rather than by some conscious effort'to choose an ,
appropriate technique. For example QPSK on a subcarrier (of
approximately 2,1 MHz) has the following advantages over
vestigal sideband BPSK.

- Most of the energy in both the inphase and quadrature
channels can be used without the need of fixed

equalizers.

+ The fact that the television carrier is no longer placed
in the data signal spectrum, greatly eases the slicing
level problem. (This problem will be discussed in a later

section.)

- Nyquist slope incidental phase modulation would be reduced

because less teletext signal energy is in the vicinity of
the carrier (see Section 5.0).

Other bandwidth efficient modulation techniques may yield
different advantages. The choice of modulation technique is
not discussed further here, and is left as an open (and

probably_academic) problem.
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A GOOD OVERALL PULSE SHAPE
In the work of Sousa and Pasupathy [2][3] certain properties

of the eye diagram (e.g. eye height and eye width) were used

as figures of merit for various pulse shapes. ’'Here, the

"profile of the eye will also be used as a basis for

comparison. Justificat@on for this is not given here
because the interested reader can consult references [2] and
[ 3] for such justification. The transfer function, impulse
response, and eye diagram that correspond to a pulée shape
that is almost the same as the one outlined in BS-14 [7],
can be seen in Figure 8. Here we assume that the peak
teletext signal levels in the receiver must be constrained
to within specified limits. Note that there will also be a
constraint on the gignal levels at the transmitter, but
this constraint will be discussed in the following section.
For the purpose of overall pulse shape design it will be
assumed that the peak constraint at the receiver is active.

"Given this peak constraint a reasonable figure of merit is

a/c (i.e. the ratio of the eye opening.to the peak-to-peak
signal level). 1Ideally, a/c is equal to 1. ‘However, this
requires a bandwidth at least as great as the symbol rate
(e.g. the triangular transfer function of [2]). Thus some
degradation on this figure of merit must be accepted due to
the bandwidth constraint of 4.2 MHz. For the pulse shape of
Figure 8, a/c is approximately 0.65 (=3.7 dB). The eye _
width, which is another important figure of merit, is about
0.9. (Recall that the bandwidth limitation prevents us from
simultaneously meeting Nyquist I and achieving an eye width
of 1).

Sousa and Pasupathy [ 2][ 3] developed their recommended pulse
shape by fihding the one that minimized the squared error
in the Nyquist II criterion subject to the Nyquist I

-¢criterion. The transfer function, impulse response, and eye

diagram that corresponds to this pulse shape are shown in
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Figure 9, It can be seen that for this pulse shape a/c is
about 0.75 (-2.5 dB) and the eye width is approximately

O.éB. Thus, some eye width has been sacrificed, while a/c
has improved by about 1 dB. Although the recommended pulse

shape of Sousa and Pasupathy has some interesting

"properties, the discontinuities in the transfer function are

troublesome from several points of view. Obviously such a
pulse shape would be very difficult to approximate in
practice. Also, the long tail and precursor that results
from the discontinuity will tend to aggravate the peak and
eyewidth problems. .The approach used here was to use a
Hamming window [ 10] on the impulse response of Figure 9.
Since this window is simply a multiplication in the time
domain, it preserves Nyquist's first criterion. Ideally, we
would like a relatively short window in order to keep the
duration of the resulting impulse response as short as
possible. However,'the shorter the window the more smeared-

will be the resulting freguency response. Therefore it is

‘desirable to choose as short a window as possible that still

leaves most of the signal energy in the 4.2 MHz bandwidth.
A .reasonable tradeoff between these two considerations
resulted in the transfer function that is shown in Figure
10. The analytical expression for this transfer function
is

H(f) = 0.501 + 0.543 cos[0.54856f]

0.015 cos| (3)(0.54856)f]

0.035 cos| (5)(0.54856)f]
(17)

0.002 cos|[ (7)(0.54856)f]

+ 0.012 cos[ (9)(0.54856)f]

0.003 cos[ (13)(0.54856)f],
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where £ is in MHz. This transfer function is down about 20
dB at 4.2 MHz, and down to about 33 4B at 4.5 MHz. The
cd}responding impulse response is shHown in Figure 1ll. The
eye profile corresponding to this pulse shape 1s shown in

Figpre 12, It can be.seen that a/c is_appfoximately 0.82

" (-1.7 dB) and the eye width is about 0.9. Interestingly

this pulse shape yields a 2 4B improvement in a/c over the
pulse shape of Figure 8.without sacrificing eye width! The
relatively flat peak of the eye profile suggests to the
author that the =1.7 dB degradation in a/c is probably very
close to the optimum‘for the given bandwidth. This

suspicion follows from the fact that a minimax optimum point

1s characterized by the property that it 1s not possible to

"push" one maximum point down without "pushing" another
maximum point up. Unfortunately.this pulse shape is not
truly bandlimited due to spectral spreading by the Hamming
window. The gain is down 33 dB at the sound carrier of 4.5

MHz. This 1s probably too high particularly after the

" "nominal receiver transfer function" is divided out. Thus

it seems reasonable to consider a transfer function that is
similar to the one given in equation (17), but is more
strictly bandlimited. Such a transfer function is given by’

H(f) = 0.501 + 0.543 cos[ 0.54856f]
- 0.015 cos| (3)(.54856)f]

~ 0.035 cos| (5)(0.54856)f]

(18)
- 0.002 cos [(7)(0.54856)f]
+ 0.012 cos [(9)(0.54856)f]
- 0.003 cos [(13)(0.54856)£]; |£| < 4.0
H(f) = -0.1883|£|%2 + 1.125|f| - 1.3045; 4.0 <|g|c 4.4

H(E) = 0. : ;|f[>4.4,
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where £ is in MHz. This transfer function is shown in
Figure 13. Note that this frequency response 1s identical
to the one in Figure 10, out to 4.0 MHz, and they are still
within 0.5 dB at 4.2 MHz. But after 4.2 MHz, the transfer

function in Figure 13 .drops off very rapidly and is

"effectively zero by the time it is within 100 kHz of the

sound carrier. The corresponding impulse response is shown
in Figure 14, This impulse response is almost

indistinguishable from the one in Figure 1l except that its

overshoots and undershoots are slightly larger and its tail
~does not die out quite as quickly. The eye profile is shown

in Figure 15. For this eye, a/c is approximately 0.77 (-2.3
dB). Thus the apparently minute change in the transfer
function has resulted in a loss of about 0.5 dB! Note
however that this a/c is still about 1.4 dB better than that
for the truncated 100% raised cosine transfer function in
Figure 8. The eye Beight and eye width for the eye profile
shown in Figure 15 are 0.96, and 0.89, respectively. Both

‘of these values are quite acceptable given bandwidth

limitation. Due to the generally good .properties of the
transfer function given in equations (18), this transfer
function is recommended as the nominal overall pulse:shape

transfer function.

Before leaving the general subject of choice of nominal
overall pulse shapes, it is probably worthwhile having a
general discussion about "optimal" overall pulse shapes.
Several overall pulse shapes were derived in references [2]
and [3] that are in some sense optimal. Hamming windows .
have been applied to some of the more promising of these
pulse shapes in order to make their ‘transfer functions
continuous (i.e. realizable). The resulting transfer

_functions are shown in Figure 16. The curve labels (i.e.

2C, 2D, 2E, 2F, 2G) refer to Figure -2 of reference [3]. The
curve labelled 2E is the transfer function that is given by

equation (17). Note that for most of the frequency range of
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interest;.all of the curves are within 2 dB of curve 2E (at
leést until the gain drops below 10 dB). The similarity of:
these transfer functions should not 'be to surprising because
in order to result in little intersymbol interference all of
the transfer functions must be approximaely‘o dB from 0 to
1.527 MHz, and -6 dB at 2.86 MHz. Furthermore, they all
face the same bandwidth restriction and they all must be
fairly smooth. Given that an optimal pulse shape transfer -
function will likely be within 2 dB of the recommended

nominal transfer function and given that the'ungertainty in

"the combined channel (i.e. the transmit equipment, the

propagation path, and the receive equipment) will often
exceed 2 dB, . it may be that we are already reaching the
point of diﬁinishing returns in the optimization of. the
overall pulse shape. Recall that the transfer function due
to a direct path of unity gain and a single reflected path
is given by '
M(E) = 1 + ce J2"ET, (19)
This transfer function has a "rippled" magnitude response
and a "rippled" group delay characteristic. The size of tpe
magnitude response ripple as a function of the strength of
the reflected path is shown in Figﬁre 17. Note that even
for a relatively modest multipath channel consisting of a
single reflected path that is 10 dB weaker than the direct
path, the resulting overall transfer function would be 2.4
dB higher than nominal at some frequencies and -3.3 dB lower
than nominal at some other frequencies. The above
discussion suggests that optimal pulse shaping is not likely
to be an effective weapon against multipath propagation.
This would imply that the pulse shape should be designed for
good channels (ie. no multipath) and that any channel that
is~severely corrupted by'mulfipath should be equalized at

the receiver.
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PULSE SHAPE APPORTIONING AND SPECIFICATION

In this section pulse shape apportioning and specification
are discussed. The discussion takes the form of a suggested
approach, with examples, as opposed to a recommendation.

The reason for this is that before any set Qf teletext
specifications is adopted, significant involvement is
required from the television broadcast. community, the CATV
community, and the television manufacturers in order that a
reasonable balance between eéonomic factors and performance

‘can be achieved.

Before proceeding, it is probably useful to say a few words
about the ébecifications in general. In the author's view
the main purpose for the teletext specification is to
provide guidelines to the manufacturers and -suppliers (of
consumer equipment, transmission equipment, and the teletext
signal) so that a desirable degree of uniformity'(i,e; »
compatibility) is achieved. The specification should not be
any more restrictive than neceésary as to how a given éoal
should be met. (This point should become clearer shortly.)
Also, specifications should not be used for areas in which
market forces are more likely to find the optimal balance bf
cost and performance than are the éuthorities responsible
for the specification. However, in this case .
recommendations (as opposed to specificaions) are sometimes
desirable. The author feels that the consumer teletext
recelive équipment falis in this category. In time, the
market itself will determine how much performance the
consumer is willing to pay for. Clearly, this will be a
time~varying function that is highly dependent -upon
technical development. It would be prudent however, to
recommend a nominal receiver characteristic that can be
économically realized. ’

In order to produce a reasonable specification for the

transmit filter, it is necessary to assume .some nominal
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characteristic for the receivers. Obviously, the television
manufacturers should have some input to the choice of
nohinal characteristic. For the purpose of discussion, we
will use the response of a Zenith receiver cascaded with a

4.5 MHz intercarrier sound trap and a single tuned. video

"peaking circuit [5], as the nominal characteristic. The

corresponding magnitude response is shown in Figure 18
(curve a). Also shown in Figure 18 is the magnitude
response of the transmit pulse shape which is obtained by
dividing the magnitude response of equations (18) by the’
nominal receiver magnitude'response. Note that curve b is a
composite response that includes the effects of the transmit
antenna, the RF harmonic filter, the IF filter, the baseband
teletext transmit filter, and the sine(x)/X characteristic
due to NRZ signalling. Also, the group delay response of
the transmit pulse shape should be such that when summed
with the group delay response of the nominal receiver the
resultant is a constant group delay. Note that it is the

composite transmit pulse shape (e.g. curve b) that should be

specified. The broadcaster should not.be restricted as to
how he meets the specification (i.e. how much of the shaping
is performed at baseband, IF, etc.). For example, it may be
the case in the future that it is desirable to insert the
data at IF so that pulse shaping can be done at IF (e.g.
using SAW filters) and so that IF equalization for teletext
and television signals can be performed independently. In A
this case the horizontal axis becomes the frequency relative
to visual carrier. The specification should be in the form
of a magnitude response mask and a group delay response '
mask. The tolerances will in general be the result of a
tradeoff between the performance and the cost of

realization and maintenance. This tradeoff should be
evaluated with care before the specification 1is made.
However as a starting point we suggest the following
tolerances as representing a reasonable compromise between
cost and performance. For the magnitude response, the
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measured response ‘H(f)l should be within the following
tolerances of the nominal response (e.g. curve b))

t 0.5 8B ; -0.5< £ < 4.0

+ 1.0 dB ; 4.0 < f< 4.2 - (20)

t 3.0 8B ; ’4.2 < £ <« 4.35

20 log,H(f) < (-227f + 958.8) dB; 4.35 < £ < 4.4
lH(f), < 40 dB ; £ > 4.4,

where f is the frequency relative to the visual carrier in
MHz, For f < -0.5, the curfent magnitude mask of television
broadcasting is probably appropriate (see Figure 19) [11].
For the group delay'response, the measured response should
be the complement of the nominal receiver's group delay

‘response within the following tolerance

* 40 nsec ; -0.3 ¢ £ < 4.2, . (21)

where f 1s the frequency relative to the visual carrier in
MHz. The above group delay tolerance was chosen because it

ensures that all of the frequency components arrive within a
quarter of a symbol period of the desired time,

It is desirable that the peak amplitude of the transmitted
signal be constrained to the region in which the power .
amplifier is fairly linear, in order to avoid signal
distortion, which in turn can result in interference to the
sound carrier [ 12] and degrade the performance of the data
transmission. Clearly the transmit pulse shape will affect
the peak amplitude of the transmitted signél. An
illustration of a possible transmit magnitude response can
be seen in Figure 20. This response is subdivided into
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‘received baseband signal. However, there is not much room

‘characteristic will remain dominated by the transmitter's IF
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three regions. Region A is primarily dominated by the IF
filter, and hence this region is not affected much by the
overall pulse shape. Also, most of the energy that is
transmitted in this region is thrown away at the receiver so

that the characteristic here has very little effect on the

to maneuver with respect to the magnitude response because
it must fall within the mask (see Figure 19). On the other
hand, the group delay response 1is completely unspecified in
this region for both television broadcast and teletext.
Therefore, it may bé possible to tailor the group delay
response in such a way as to minimize the peak transmitted
signal for a given overall pulse shape and nominal receiver
characteristic. Of course in order to realize this group
delay, fixed IF equalization at the transmitter would be
required. If such an approach is ruled out by the televison
broadcast community, then the choice of pulse shape will
have little effect* in this region and hence its

filter. It should be noted that this region could have
quite an impact on the peak transmitted signal level because
this is the region where the slope of the spectrum is the

greatest.,

In region B, the transmit pulse must be approximately
uniform gain with a group delay characteristic that is the
complement of the nominal receiver's group delay '
characteristic, if intersymbol interference 1is to be kept to
a minimum and if the reconstruction of the baseband signai
from the vestigal sideband signal is to be kept relatively
distortion free. Thus in this region (as in regioﬁ A),
there is not much flexibility for reduction of the peak

transmitted signal level via overall pulse shape design.

*Here 1t 1s assumed that we are restricting ourselves to
BPSK signalling and a pulse shape that results in little
intersymbol interference (i.e. Nyquist I is approximately
satisfied)
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Finally, region C is certainly affected by the choice of
overall pulse shape. However it is also greatly affected by
th; choice of nominal receiver characteristic. The main
point to be drawn here is that the peak transmit signal

level cannot be properly included in the overall pulse shape

"design until a nominal receiver characteristic has been

chosen and until a representative collection of transmit IF
filter fregquency responses (both magnitude and group delay)

is gathered. The measured transmit IF filter frequency

responses must include the responses at frequencies below

the picture carrier (i.e. region A).
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AUDIO BUZZ, SLICING LEVEL, AND BIT TIMING

In\this section the topics of audio buzz, slicing level, and
bit timing are briefly discussed. The purpose of this

section is not to comprehensively discuss any 6f these

" issues but rather to bring out several pertinent points.

A good discussion on thé general problem (i.e. not
specifically for teletext transmission) of audio buzz can be
found in [12]. This paper identifies several causes of
audio buzz, but the.two causes that are identified as the
most likely to cause problems are "Nyquist slope" incidental
phase modulation and incidental phase modulation due to
nonlinearities in the transmitter's power amplifier. Here
we will briefly outline an analytical procedure that
encompasses both of the above causes of audio buzz. If a
fairly long and "random" data sequence is transmitted then
the signal entering the transmitter's power amplifier would

‘have a Fourier transformation with a magnitude similar to

the one illustrated in Figure 2l1. The.fregquency domain
regions that are critical, with respect to audio buzz, are
indicated with dashed lines. 1In general, a nonlinearity
will distort the signal's frequency response. From the
point of view of audio buzz, it is clearly undersirable for
this distortion to result in signal energy falling within
the sound channel itself., Also, it is undersirable for this
distortion to result in complex conjugate antisymmetry (i.e.
the real part of the Fourier transformation is
antisymmetrical and the imaginary part is symmetrical) in
the passband of the carrier recovery circuitry because this
would correspond to phase modulation on the carrier that.
would be transferred to the audio signal by the carrier
recovery circuitry [12]. Unfortunately, in general the
power amplifiers can not be adequately modelled by a static

input-output characteristic curve [12] (i.e. the
nonlinearity 1is not memoryless and hence its output level
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cannot be represented by a polynomial in the input level).
More general modelling techniques which allow nonlinearities
wi%h memory to be modelled can be used, such as a Volterra
series or a Wiener model [14]. For example a causal time-

invariant system with memory T can be represented by a

"Volterra series of the form

T

y(t) = h_+ [ hy(t)x(t=1 )dr

1 1

T T

+ [ ho(tyrr,) (b=t )x(t=r,)drdr, (22)

o O

'h3(Tl,T2,T3)X(t“fl)%2(t“TZ)X(t—T3)dTldT2dT3

0 — 1
—

+
0 — a3

where x(t) 1is the input signal to the nonlinear system and
y(t) is the output signal from the nonlinear 'system. If one
makes the reasonable assumptions that a sampling rate equal
to four times the symbol rate is sufficient, the effective
memory of the power amplifier is not greater than a symbol
interval (i.e. 175 nsec), and that the contribution of terms
higher than third order is negligible, then the power:

amplifier can be modelled by*

*Equation (23) is for real signals (i.e. a "low IF model").
Extension to complex baseband is relatively straightforward.
Note that sampling at 4 times the symbol rate at a low IF is
equivalent to sampling at twice the symbol rate at complex
baseband. :
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4
+‘2 'Z'hzri’jxn_ixn_j (23)

4 4 4
t1000 L by ke ¥ 3%k

i=0 §=0 k=0

If the effects due to the nonlinearity of the transmitter's

power amplifier.are. to be incorporated in a pulse shape

design or a simulation then the parameters (i.e. the h's) in
the above model (or an equivalent model) must be determined

for a representative sampling of transmitters. A record of

a given power amplifier's (down-converted) input and output
signals can be used to obtain the model parameters by

‘solving the resulting set of overdetermined linear

equations.

A frequency domain interpretation of equation (23) can
easily be obtained by recalling that multiplication in the
time domain corresponds to convolution in the frequency
domain, and delay in the time :domain corresponds to an
additive linear phase. The convolutions of the Fourier
transforms of the various delayed version of Xn éccounts for
the classical spectral spreading effect of nonlinearities.
Thus the signal coming out of a nonlinear power amplifier .
will have energy in the sound channel even though the signal
entering the amplifier does not. The effect of this signal

-on the sound channel will be similar to that of additive.

Gaussian noise.
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"In addition to spectral spreading, the asymmetry about the

carrier, due to the nonlinearity, is of concern. This type
of degradation includes the commonly referred to AM to PM
conversion. In an apparent deviation from the current

topic, "Nyquist slope" incidental phase modulation. is

"briefly considered. Recall that the Fourier transformation

of the signal out of the receiver's IF filter will be highly
asymmetrical and can therefore be decomposed into its
complex conjugate symmetrical component and its complex
conjugate antisymmetrical component. The complex conjugate
antisymmetrical component is the spectrum of the signal that
is in quadrature to the carrier. As an example consider the
antisymmetrical component that is illustrated in Figure b5c.
This component is shown again in Figure 22a. The Fourier
transformation of the quadraturenéignal that is "passed" by
the carrier recovery circuitry is shown in Figure 22b*. 1In
all cases of interest the energy in this signal will be
small compared to the energy of the carrier. Therefore, the

“small angle assumption (i.e. 6 = sin 6 for 6 << 1 radian)

can be employed to show that Figure 22b also represents the
Fourier transformation of the "Nyquist slope" incidental
phase modulation. Note that after frequency discrimination’
(i.e. differentiation of the phase function) the power
spectrum of the resulting interference will have an x"
characteristic, and will therefore be predominantly a high
frequency interference. However deemphasis and voiceband
lowpass filtering will somewhat ease this situation. It
should be noted that "Nyquist slope" incidental phase
modulation depends only upon a relatively narrow band
(centred on the carrier) of the received signal and upon the
Nyquist slope region of the receiver's IF filter. Therefore
only a narrow band at the centre of the frequency response
of the overall teletext pulse shape has any bearing on the
amount of Nyquist slope induced audio buzz. Recall that all

*Any inphase signal that is in the passband of the '
carrier recovery circuitry is assumed to be removed by a
limiter.
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overall pulse shapes of interest are approximately uniform
gain and constant group delay in this region. Therefore the

choice of overall pulse shape will have very little effect
on the level of audio buzz, that is caused by "Nyquist

slope" incidental phase mdaulation, for televisions using

either coherent or guasi-coherent detection.

Asymmetry caused by Ehe nonlinearity will cause carrier'
phase modulation in exactly the same way as "Nyquist slope"
incidental phase modulation. It is highly unlikely that the
amount of asymmetfy that is caused by the nonlinearity would
be comparable to that caused by the receiver's IF filter,
because this would require such a severe nonlinearity that
the amplifier would be virtually useless for the
transmission of either television signals or teletext.

Therefore it is expected that incidental phase modulation

due to the nonlinear power amplifier is negligible compared

to "Nyguist slope" incidental phase modulation,. for

‘televisions using either coherent or guasi-coherent

detection. Also, it is unlikely that spectral spreading is
a major source of audio buzz. The apparent conclusion is
that the choice of overall pulse shape will have little
effect on the level of audio buzz for televisions using

either coherent or guasi-coherent detection.

In tecent.off—air tests, using the most recent Telidon
decoder, CRC personnel have found that in strong-signal
urban environments the decoder either gives very good
performance (i.e. extremely low bit error rates) or very

poor performance (e.g. often it appears that proper

synchronization has not occurred). Therefore it might be

prudent to critically examine the synchronization techniques

used by the existing teletext decdder. and to suggest

possible improvements. . Here, we will concentrate on the

slicing level and clock phase determination. First, the

approach used by the existing teletext decoder is briefly
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outlined. This decoder uses the two byte clock sync signal
to estiﬁaté both the slicing level and the clock phase
serially (as opposed to in parallel). It begins by
estimating the slicing level, using two peak detection
circuits (one for the "overshoots" and one for the
"undershoots") which have a short attack time and a long
decay time. The slicing level is taken to be the midpoint
between the two peak values. Once the slicing level has
been determined, the decoder uses a single zero crossing to
choose one of five possible clock phases. There -are several
severe weaknesses‘in the procedure that result in the
decoder's performance falling far short of optimal. Several
of the problems with the slicing level determination

technique-are

« The peak detectors are very sensitive to impulse noise
[15}. 1In fact simulations have shown that. a loss of
approximately 3 dB can be attributed to the slicing level
and clock phase circuitry of the present decoder -evehn
under fairly ideal conditions (i.e. no multipath

propagation and ideal carrier recovery) [15].

+ Even relatively modest multipath propagation can ‘cause'a
substantial error in the estimated slicing level. This is
because the signal level immediately preceding the clock
sync signal is at 0 IRE were as the average level during
the clock sync signal (i.e. the slicing level to be
determined) is 35 IRE (see Figure 23). Thus any multipath
propagation will result in .an apparent shift of level, for
a duration that is proportional to the muitipath
differential delay. Note that if the delay spread is
large enough that a delayed version of the“sync pulse or
the colour burst gets superimposed on the clock sync

~signal, then the situatiOn_gets eveﬁ worse, It is this
problem with synchronization in the presence of multipath
propagation that 1is suspected to be responsible for the

decoder behaviour noted by CRC personnel.
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+ The optimum slicing level may be time-varying due to a

' time—ﬁar?ing phase offset in the recovered carrier. This
is illustrated in Figure 24, Thus any technique that
attempts to determine the slicing level during the first
two bytes and then freeze it for the remainder of the
line, will yield inferior performance unless the carrier
recovery is very good. Clearly, this point adds further
impetus to the suggestion in Section 2 that improved
carrier recovery techniques are desirable.

We will return shortly to discuss possible solutions to the
above problems but first clock phase estimation will be

discussed.

A couple of serious problems exist with the current Telidon
decoder's technique to estimate clock phase. These are as

follows.

+ An error in the slicing level will result in an error in
the clock phase. From the above discussion this 'is

clearly a characteristic that should be avoided.’

+ The clock phase is estimated from a single zero crossing.
Thus only a small fraction of the signal energy in the two
byte clock sync signal is being used to estimate the clock
phase.. Therefore the estimated clock phase tends to be
very seﬁsitive to noise and other forms of interference.

One thing that should be noted about the first point is that

there is absolutely no need for the slicing level estimation .
and the clock phase estimation to be highly dependent upon

each oﬁher, because they are truly orthogonal problems!

That is that during the clock sync signal the slicing level

‘circuitry is attempting to estimate the average signal level .

(i.e. the DC component), while the clock phase circuitry is
trying to estimate the phase of the 2.863636 MHz component

of the signal. A block diagram illustrating a clock phase
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estimation technique that is independent of slicing level
and that uses most of thé available energy in the clock sync
signal, can be seen in Figure 25. The RC circuit at the
input is to block low freqhency components prior to the
limiter. The resistor and capacitor values should be chosen
so that the RC network does not introduce a phase shift at
2,863636 MHz. After filtering by the RC circuit, the analog
signal 'is converted to a binary NRZ signal by a limiting
amplifier. The binary signal is then fed to each of five

channels, one for each of the five possible clock phases*.

"In a given channel the binary signal is first multiplied by

an alternating NRZ signal of the given clock phase. The
"multiplers" in Figure 25 -can be realized with exclusive-or
gates. Thé product signal is integrated, rectified, and’
finally fed to a threshold detector. The first threshold
detector to be triggered should indicate the best clock
phase. Note that the technique described is that suggested
by classical signal detection theory [16], where the obtimal
detector in the presence of additive white Gaussian noise
consists of a bank of correlators followed by threshold

detectors.

We now return to the slicing level problem. The problem of
sensitivity to impulse noise can eésily be eliminated by
replacing the present peak detector based circuit with a
lowpass filter. This seems like the intuitively obvious
solution because what we are trying to estimate is the "'DC
component of the clock phase signal. In choosing the filter
it is desirable to have a filtér with a narrow bandwidth in
order to minimize the effects of the noise, to suppress the
2:863636 MHz clock sync signal, and possibly to suppress the
3.58 MHz colour burst signal. On the other hand the filter
step response should settle fairly quickly so that the level
change (i.e. from 0 IRE to 35 IRE) does not affect the

*The question regarding the adequacy of five clock phases is

not addressed here.
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filters output for too long. Also, the order of the filter
should be low so that it can be economically realized. A
fiiter that represents a reasonable tradeoff between the
above considerations is a second order Butterworth filter
with a 270 kHz 3 4B bandwidth. The frequency and step

"responses for normalized Butterworth filters can be seen in

Figure 26, From these curves it can be shown that step
response ripple will be no greater than -26 dB after 10
symbol periods, and the clock sync signal at 2.863636 MHz is
suppressed about 40 dB. Also, this bandwidth is narrow
enough that noise sﬁould not represent a significant problem
for usable signal to noise ratios. The output of this
filter should be "frozen" near the end of the clock sync
signal. The level of this output can then be used as. the
slicing level for lower-cost decoders or as the initial
slicing level for more expensive adaptive decoders. The
triggering of one of the threshold detectors (see Figure 25)
can be used as an indication that the end of the clock

signal is near.

If time-varying slicing levels, due to phase ‘errors on the
recovered carrier or due to wide multipath spreads, are to

‘be tracked then adaptive slicing level circuitry is

required. A block diagram that illustrates a possible
approach is shown in Figure 27. This circuit attempts to
estimate the logic "0" level and the logic "1" level in a
decision-directed manner. The sum of these two levels can
be used to control the slicing level (since the slicing
level should be half of the sum), while the difference ofA
these two levels can be used as an input to gain control

circuitry.
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CONCLUSIONS AND RECOMMENDATIONS

A tutorial discussion on Nyquist's first criterion was
given. From this discussion it was apparent'that aliasing
duevto symbol rate samplihg will not result in destructive
interference, between the frequency components of the pulse
shape, only if the overall pulse shape is real and
nonnegative. Therefore, the overall pulse shape design was
restricted to those with zero-phase (i.e. the fixed delay is

ignored) frequency responses.

The implications of vestigal sideband transmissien were

_outlined. It was pointed out that even though the overall

pdlse shape (i.e. the inphase transfer function) satisfies
Nyquist's first ceriterion, significant intersymboi
interference can result due to nonideal carrier recovery
because the quadrature transfer function will not satisify

the criterion.

A promising pulse shape was recommended. Then some
suggestions were given for specifying the pulse shape.

Overshoots at the transmitter's output were discussed. It
was pointed out that it may be pdssible to reduce overshoots
at the transmitter by appropriately tailoring the
transmitter's group delay response, at frequencies that are
negative relative to the earrier. It was noted that .the
peak transmit signal level cannot be properly included -in
the overall pulse shape design until a nomipal receiver
characteristic has been choeen and until a repreeentative
collection of transmit IF filter frequency responses (both

magnitude and group delay) is gathered.
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The problem of audio buzz was briefly discussed. 1In
particular audio buzz resulting from "Nyquist slope"

incidental phase modulation or from the nonlinearity of the
transmitter's power amplifier}was considered. It was
concluded that incidental phase modulation due to the
nonlinear power amplifier is likely to be negligible
compared to "Nyquist. slope" incidental phaée modulation, for
televisions using either coherent or quasi-coherent -
detectors. Furthermore, for these televisions, the choice
of overall pulse shape will have little effect on the level
of audio buzz that is due to "Nyquist slope" incidental
phase modulation. In addition to being a source ‘of audio
buzz, the nonlinearity of the transﬁitter‘s power amplifier
can also éegrade the performance of the teletext
transmission. If the effects due to the nonlinearity of the
transmitter's power amplifier are to be incorporated in a
pulse shape design or a simulation then the parameters of an
appropriate model (e.g. one based on the Volterfa_séfigs
representation) must be determined for a representative
sampling of the transmitters. l

Some of the ‘deficiencies of the synchronization circuitry
employed in the current Telidon decoders were discussed.‘
Possible approaches that overcomé these deficiencies were
suggested. - ‘

In addition to optimization of the overall pulse shape,
several other areas for further effort were identified

including:

+ Improved carrier recovery techniques.

» Improved slicing level determination techniques.

+ Improved clock phase recovery.
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* The choice of a nominal receiver characteristic.

+ Investigation of the cost versus performance tradeoff for
the pulse shape magnitude.and group delay response

tolerances.

Of course there are many other areas that do not fall within
the scope of this memo. As with any resource allocation -
problem the critical question is, how should the available
resources be allocated in order to achieve the greétest

"benefit?

The. level of sophistication with which pulse shape
optimization could be pursued ranges from a fairly simple

‘nonlinear programming problem (which perhaps is not very

representative of the real world problem) to a massive
nonlinear programming problem that would attempt to account
for the many uncertainties in the teletext transmission
chain. The complexity of the massive nonlinear programming
problem is limited only by the available information.and by’
the computational requirements. To further complicate the
issue, it is not clear that a massive nonlinear optimizatipn
would produce a pulse shape that would yield significantly
improved performance over a well chosen pulse shape. 1In
fact it is possible that the performance could actually
deteriorate if great care is not taken to avoid certain
pitfalls. For example if the uncertainties are not

represenﬁed in a complete and unbiased fashion, then the-

‘optimization would produce a biased result. <Clearly, the

modelling of the uncertainties and the subsequent collection
of data for model parameter estimation is a major task on
its owns Also most performance criteria, that would seem
reasonable to apply, would tend to implicitly weight the
pborer members of the enSembie'of possible channels (i.e.
those with a relatively high bit error rate) more than the
good members. This will be.particularly true of an
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optimization that attempts to include multipath propagation.
The likely result is that the optimization will tend to

sacrifice the performance of the good channels in order to

achieve a marginal improvement for the poor channels. From

the above discussion, it is felt that if pulse shape
optimization is to be pursued the first step should be a

comparatively small problem definition and tradeoff study as

opposed to jumping right into a full blown optimization. -
Areas that such a study should address include:

Toe

Identifying suitable models for the various uncertainties
in the teletext transmission path. ’

Outlining procedures for determining the parameters of
these models.

Defining a tractable optimization problem (perhaps’
deflnlng several problems of varying degrees of
complexity) and then estimating the. associated costs (1n

both money and amount of computation).

Estimating the potential benefits (and risks) of
performing such. an optimization so that a rational
decision can be made as to whetﬁer or not to. pursue pulse
shape optimization. |
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APPENDIX II: SUBJECTIVE QUALITY OF TV PICTURES
‘ IN MULTIPATH ENVIRONMENTS

INTRODUCTION

Preliminary measurements of complex impulse responses,
performed by CRC, for channels in the 200 MHz region, have

provided resultS'that'ténd to support rather than
contradict the Telidon RF propagation model simulation

results., Consequently, for establishing Telidon system

performance in multipath environments, we plan to use the

simulation program to generate realistic multipath
channels. Because attention should be restricted to the
subset 6f channels which proVide acceptable video signals,
a prescreening procedure for discarding channels not

providing usable television pictures is required.

Until recently, the examination of the effects of echoes on

the subjective quality of television pictures has réeceived

little attention. Some work was done in the  early 70's by

Lessman [21, 22]. However, only the restrictive cases of
positive (in-phase) and negative (out-of-phase) single
echoes were studied. A procedure for weighting multiple .
ghosts to obtain an estimate of the subjective picture

quality is proposed in [21] and will be summarized later. .

The subjective effect of long echoes on television pictures
was studied by Allnatt (1965) [21]. The major observation

was .  that there is almost no difference in the degree of

:degradation of picture quality for delay times between

5-15 psec. Lessman's pioneering work is still useful and
is often referenced. Lessman used a seven poiﬁt comment
scale, shown in Table II.1l, for accessing the subjective
quality of the picture. _In-[22], the effects on picture
qﬁélity of transmitter amplitdde éhd group delay responses
which satisfy the FCC.toleranées (fif inside amplitude and

group delay masks) are discussed. The amplitude and grouﬁ_

delay tolerances are shown in Figure II.l.  In [22], an
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arbitrary amplitude response varying *2 dB in the frequency
range (—i;O MHz to 4.0 MHz) at a rate of 1 cycle per MHz
and a constant group delay response were assigned to the
transmitter characteristic. In evaiuating the effects of
this "transmit characteristic, an ideal VSB receiver
characteristic with constant group delay was used. The
output signal exhibited paired echoes (11.5% of the main
signal) displaced £ rom both sides of the main response by 1

usec. It is claimed in [22] that this echo level and delay

corresponds to a cumulative comment class 4 or better by at

least 50% of the audience. As is apparent from Table IIl,

this corresponds to fairly good picture quality (not at the
threshold of acceptability).

Also in [22], computations were performed with an ideal

transmitter amplitude response;,; but with group delay

varying sinusoidally with peak amplitude of 100 nsec
between 0~3 MHz, and 50 nsec between 3.0 - 4.2 MHz. The

output for the above transmitter and an ideal receiver

‘revealed a negative echo pair that was 5% of the main

signal. According to [22], this corresponds to 60% comment
2 or better. It is evident that amplitude and group delay
tolerances for transmit and receiver‘characteristics
provide good quality pictures and cannot be used for
prescreening multipath channel responses. In fact, in [22]
it is claimea that a transmission system (incorporating an
ideal receiver) should be capable of producing a picture of
at least 80% comment .2 or better. This is a very high‘

quality picture.

The echo strength versus echo delay for 80% comment 2 or
better performance is shown in Figure II.2. One can see
that for 100 nsec ripples in the group delay response,Athe
echo delay must be greater than 2 wsec (undulation -
fféquency less than 0.5 cycles'per MHz) for acceptable
colour TV . . ‘ '




Comment Comment
Number Description
1 Not Perceptible
2 Just Perceptible
3 Definitely Perceptible, But Only
Slight Impairment to Picture ]
4 Impairment To Picture, But Not
Objectionable
5. Somewhat Objectionable
6 Definitely Objectionable
7 Extremely Objectionable

Table II.1:

Lessman's Seven Point Comment Scale (after

[ 22])
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performance. It is quite clear from Figure II.2 that
strong close-in echoes are not as objectionable as those
with longer delays. Shorter echoes aré subjectively masked
by the main signal. Many people even appreciate some

occurence of short echoes, as they accentuate contours in

the .picture [23]. Curves, presented in Figure II.3 [23],

indicate the subjective influence on a television picture
of a single (in¥phase) echo as a function of relative level
and echo delay. It is evident that close~in echoes are
significantly less annoying than far out echoes. These
short echoes, however, can seriously disturb Teletext

transmission.

The curves of Figure II.3 are more useful than the curves
of Figure II.2, as they allow us to approximately establish
the threshold of acceptability. 'The major deficiency,
however, is that the above curves are restricted to the
single, positive echo case. This deficiency is addressed

in [ 21]. and will be summarized in the next section.

WEIGHTING OF. MULTIPLE ECHOES FOR ESTIMATING THE ANNOYANCE
IN THE TV PICTURE '

In [21], a perceived DU (desired to undesired) ratio, PDUR,
is proposed for evaluating the subjective guality of
television video., It is essentially the power sum of the
levels of individual ghost images (DU ratios) weighted by
subjective effects due to r.f. phase (yv) and delay ().
Experiments conducted by the authors of [21], have revealed
that the correlation coefficient between the numerical
quantity, PDUR, and the subjective picture evaluation
(using a 5 point comment scale shown-in Table II.2) is
quite high (=80%). Hence, the numerical PDUR is probably
the best gauge of subjective picture quality available at

"present. - The relationship between PDUR and subjective

picture quality is shown graphically in Figure II. 4,
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%;;mment Number » Description
. 5 imperceptible
4 " perceptible but not annoying
3 ' . somewhat annoying
2 severely annoying
1 unusable

Table II.2: 5-point comment scale used in [21] for

subjective picture evaluation




Single Ghost Case

The single ghost case will be discussed first to establish
the effects of r.f. phase and ghost.delay. The degree of
quality degradation is strongly dependent on the phase, y,
of the ghost. In [21], experiments have been conducted to
establish the DU ratio of a positive ghost that provides
equivalent degradatioﬁ &o the ghost with phase ¥ and
specific DU ratio. The perceived DU ratio is the DU ratio

of this equivalent positive ghost, and is given by.
p =D/U + W, [ dB]
where
' D/U is the bU ratio of the ghost

W is a phase weighting function.

b

‘The phase weighting function, W¢' presented in [21] is

shown in Figure II.5. Note that the weighting function_is‘
also a function of the DU ratio of the ghost. It is
evident that for phase angles in the neighbourhoods of 80-
100° and 260-280°,hghosts are much less visible than
positive echo ghosts. '

The ghost delay has a strorg impact on the quality of a
picture. The delay weighting function, W, is shown in
Figure I1.6. The curve is normalized to 0 at a delay of 5

'usec, and there is only a small difference in the degree of

quality degradation for delays greater than 4 usec. The
results are compared with-those obtained by Lessman in
Figure iI.6, and reasonable agreement is evident. In [21],
a delay of 5 usec was taken as the standard delay. - The

pefceived DU ratio, p, 1is givén by:
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P = Q/U W, W [aB],

and represents the DU ratio of a positive ghost with

standard delay that produces equivalent impairment to that
of a single ghost with arbitrary phase and delay. This can

be used to establish the subjective picture quality using

Figure II.4.

Using ﬁhe comment scale of Table II.2, the following

thresholds are established for good and unacceptable

picture qualities:

Picture Quality Threshold

(5-point comment scale)

 Good _ > 3.5

Unacceptable < 1.5

Choosing the threshold of acceptability halfway between

comment 1 and 2 is probably a conservative estimate.

Multiple Ghosts

The PDUR, which gives an indication of the degree of
quality dggrédation of a picture impaired by multiple

ghosts, is given by [21]:

n ~P, /10
PDUR = -10 log,, ) 10 [ aB]
i=1
where
P, = D/U(i) + Ww(i)+WT(l)

(percdeived DU ratio of i-th ghost)
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n = the number of ghosts

W (i) = the phase weighting of the i-th ghost (see
Figure II.5)

W_(i) = the delay weighting of the i-th ghost (see
Figure II1.6).

The subjective picture quality can be ascertained using

Figure II.4. If the PDUR is below 1l dB, the picture
quality is deemed unacceptable, and if the PDUR is greater

than 24 dB, the picture quality is good.

Generating .Prospective Multipath Channels

The multipath simulation program can be used to establish
prospective channel characteristics. In the simulation
program, the ratio of the magnitude of the scétteredfﬁield
to the incident field is accumulated in a scatter table.
Instead of a scatter table, an impulse response table is
required. One possible way of generating this is to have
very fine resolution delay bins (i.e. * 0.05 pusec). When a
path falls into a particular delay bin, the value of
'Eé/Eil would be multiplied by exp j¢, where ¢ is a
uniformily distributed random variable on [-7, 7], and
added to ;he-complei quantity previously there. The
carrier frequency would be an important input parameter to

the RF simulation program, and should be reflected in the

complex baseband output response, whose format may be as

shown in Table II.3. One should use randomized reflector
dimensions and parameters, with the reflector positioned in

the local domain about the receiver.
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Multipath Channel File

Carrier Frequency

if

Subjective Picture Quality

{good or acceptable}

Delay (usec) Amplitude Phase

15.0

Table II.3: Formét of Multipath Channel File

MHz
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For each multipath channel file, the PDUR can be computed
and used~to‘prescreen channels that will not provide
acceptable video. Whenever the PDUR is less than 11 dB,
the channel should be discarded. Channels for which the
subjective picture quality is perceived to be quite good
(PDUR > 24 dB), will have this indicated in the impulse
response file. Note that good subjective TV performance

does not necessarily Quarantee good Teletext performance.

‘DEVELOPING AN APPROACH FOR PRESCREENING CHANNELS DEFINED

BY COMPLEX TIME DOMAIN SAMPLES OR THEIR FREQUENCY

" RESPONSE.

Complex baseband channel measurements have been performed

by CRC over the past few weeks. These are provided in time

domain sampled form, which can be easily converted to the
freguency domain (amplitude — phase or amplitpde—group
delay format). From the time~domain impulse responsé.
measurements, the parameters of the underlying multipath
channel process may be estimated visually. Some
improvement may be achieved by dividing the reéeived
spectrum by the measured back-to-back frequency response

[ spectral division approach, reference [24]], and

transforming back to the time domain. The major parameters

(i.e. number of paths, relative magnitudes, phases, and

delays of_eéch path) can be estimated from the resulting
complex impulse response and its envelope [24]. These

estimated channel parameters can then be used to establish

the PDUR, and, thus, the subjective picture quality.
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Setting Amplitude and Group Delay Masks for Prescreening

Channels

For transmit and receive filters, ailowed tolerances are
typically provided by amplitude and group delay masks:
Since this is such a standard practice, it was thought that
developing masks to compare with channel amplitude and
group delay characterisﬁics might prove valuable for pre-
screening channels (it would be somewhat simpler, but less

exact, than the PDUR approach).

The amplitude and group delay responses for a single

positive echo (delay-d, magnitude-m) are provided in
Attachmént.II.I. From thé'cdrves provided in Figure II.4,
the maximum echo strength for a standard delay of 5 usec is
-11 dB, (.282), for acceptable video. If we set a group
delay mask based on this standard delay:

R

gd(thresh) tmd = £(.282)5 psec -

|13

*1.41 psec

For.echoes less than 5 usec with echo magnitudes, m, .

corresponding to acceptable video,. the group delay will be

‘within the above mask. The prescreening power is not very

good, as thefe will be channels within ‘the group delay mask
which do not provide acceptable video quality .

Furthermore, for echoes with delays greater than 5 usec

(with acceptable subjective quality), the group delay will

fall outside the above mentioned mask. However, for this

_case, the amplitude response should be in the mask [1l-m,

1+m] where m = 0.282, to ensure acceptable video. Hence

the preécreeing approach could be summarized as follows:
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(1) if group delay falls within the prescribed mask,

response deemed acceptable.
(2) if group delay falls outSide‘the mask, check to see
if amplitude responsé falls within limits [.718,

1.282].

This approach is  a coﬁsefvative approach as the channels

that are rejected are clearly unacceptable).

The above mentioned’ approach was prescribed considering

only a single positive echo. However one must consider

multiple echo paths, and for this case, the bounds on the

group délay are approximately

n
gd(bound) = § Amidi '

i=1

where
n is the number of echo paths,

my is the magnitude of the i~-th echo,

di is the delay associated with the i-th echo.

With multiple echo paths, there is clearly the possibility
that the ‘group delay will fall out the above mentioned spec

for paths with delays less than 5 pusec, which would still

provide acceptable subjective picture quality.
Furthermore, it is likely in such cases, that ;he amplitude
response will also fall outside the above mentioned

boundaries.
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Suppose that a channel response has a number of echoes, n,
with similar perceived D/U ratios and similar delays. The
combined PDUR is given by:

n

=10 log,, )10
i=1

-P./10
PDUR .

I}

n
-10 loglo ) ui
i=1

"where Uy is essentially the ratio of the magnitude of each

undesired echo to the magnitude of the desired signal.

If each individual perceived DU ratio is essentially the’
same (ui = u), then the magnitude of the overall equivalent
single echo, m, '

[N

m = n Ue.

The group delay bound for such a case would be
approximately

”
<l
~
Qu

gd(thres)

n
=
"ol
o)

‘Selecting m to be 0.282 (acceptable limit for d near 5

usec) and selecting 4 as a conservative upper limit on the
number of paths in this delay neighbourhood, one obtains
the following group delay threshold:

gd(thres) = +2.82 usec;
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Channels whose group delay responses fall within this limit
will be ébnsidéred_acceptable, although there will
definitely be unacceptable channels that fall within the
above bounds. Only clearly unacceptable channels would be
prescreened. As before, there will be channels falling
outside the group delay bounds that will have acceptable
video quality (long echo paths). For channels falling in
this category, those Whése amplitude response falls outside
the region [1 - vZm, 1 + vZn], with m=0.282, will be '
discarded. The ¥2 scale factor is incorporated to reduce

the possibility of discarding a channel response that would

provide acceptable TV picture quality. Not all

unacceptable channels are guaranteed to be detected by this
ad hoc épproach. As a reéulﬁ, this potentially simpler
classification approach is not recommended. Furthermore,
one cannot devise group delay and amplitude response masks
that will reliably identify "good" video channels.
Consequently, the recommended approach is to visqall§k
extract multipath parameters from baseband impulse °
responses, and evaluate the PDUR ratio, for a more reliablg

estimate of subjective picture quality.
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° ATTACHMENT II.1l

AMPLITUDE AND GROUP DELAY RESPONSE FOR SINGLE
POSITIVE ECHOES

Let the echo be characterized by delay, d, and magnitude,

m. The channel frequency response is given  -by:

Hc(f) me-jand

1 +

1]

(L + m cos 2nfd) - j m sin2r £d.

The amplitude response, A(f), is given by:

[N

A(f) = (1 + m® + 2m. cos 2mfd)
= 1 + m cos2n £d for small m.

The phase response, ¢ (£), 1s given by:

m sin 2n fd
l+m cos 2n fd

¢ (f) = —tan™!
The group deléy response, G(£f), is given by:
G(f) = - z= BLE)

md (m + cos 2nfd)

1+ m® +2m cos 2nfd
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