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Summary

A practical investigation has been conducted in order to determine the fre-

quency separation required between f.m. television signals, both with and without a sound

subcarrier, so that mutual interference is avoided. The investigation was concerned

primarily with interference between PAL colour television signals, but brief tests were

conducted to determine the requirements if PAL and SECAM signals were to occupy

adjacent channels.

It was found that a satellite broadcasting system based on EBU recommen-

dations, with a receiver bandwidth of 27-5 MHz, requires a separation of at least 29-5

MHz between adjacent channels.
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SATELLITE BROADCASTING: CHANNEL SEPARATION REQUIREMENTS
FOR F.M. TELEVISION SIGNALS

N.H.C. Gilchrist, B.Sc, C.Eng., M.I.E.E.

1. Introduction

When a broadcasting sen/ice is planned, it is necessary

to know the bandwidth required for the signal transmitted

in each channel and also the frequency separation needed

between channels, so that effective use may be made of the

band of frequencies available. Satellite broadcasting in-

volves the use of relatively low-power transmitters (because

of the limited power resources of the satellite) and, as a

result, requires a wideband system of modulation such as

frequency modulation (f.m.) to obtain a satisfactory signal-

to-noise ratio for television.

Sub-Group K3 of the European Broadcasting Union

have proposed values for the deviation and bandwidth that

appear suitable for f.m. television, and this report describes

experimental work on adjacent-channel interference be-

tween f.m. television signals in order to determine channel

spacing requirements.

2. Experimental arrangement

2.1. System parameters

The work leading to a previous report has already

shown the relationship between picture quality, r.f. band-

width and deviation for f.m. television signals. It also

indicated the desirability of using video pre-emphasis and

de-emphasis in accordance with the CCIR Recommenda-

tion.
2

All television signals used for the tests described in

this paper were pre-emphasised according to CCIR Rec.

405 for 625 line standards.

Sub-Group K3 of the EBU have recommended that a

f.m. television transmission system for direct broadcasting

from a satellite should have a deviation of 13 MHz peak-to-

peak for a 1 volt video signal, after CCIR pre-emphasis, plus

a deviation of ±2*8 MHz peak by a f.m. sound subcarrier at

or near 6 MHz and that the receiver r.f. bandwidth should

be 27 MHz (i.e. the receiver filter should have a response

which is 3 dB down at ±13-5 MHz with respect to the

centre frequency).

The f.m. television signals used in the tests described

in this report conformed to the above recommendations for

deviation, i.e. 18-6 MHz peak-to-peak for a vision-pius-

sound-subcarrier signal or 13 MHz peak-to-peak for a vision-

only signal; the receiver filter had a bandwidth of 27-5

MHz.

2.2. Equipment

Fig. 1 shows a block schematic diagram of the equip-

ment used for the tests. The 70 MHz modulator and de-

modulator units are standard commercial items for use with

radio link equipment. Filter 'A' on this diagram is the

receiver filter and fitter 'B' is an identical unit to 'A'.
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Fig. 1 - Experimental arrangement
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Fig. 2 - Characteristics of receiver filter

- Amplitude/frequency response

• Group-delay/frequency response

- Calculated response of equivalent 6-section Chebyshev

bandpass filter

The receiver filter was constructed as separate high-

pass and low-pass sections for reasons of instrumental con-

venience. Fig. 2 shows the characteristics of the filter,

which is intended to simulate a bandpass filter of the

Chebyshev type with 6 tuned circuits; the low-pass filter

comprises 6 sections and the high-pass filter 5 sections.

The bandwidth to the —20 dB points is 30-2 MHz whereas

that of a 6-section bandpass filter with the same —3 dB

bandwidth (27-5 MHz) would be 32 MHz. A f.m. tele-

vision signal, with or without sound subcarrier, which was

passed through this filter suffered differential gain distortion

of 8% and differential phase distortion of 5*2°; these

figures include the 3% differentia! gain and 1-4° differential

phase distortion contributed by the f.m. modulator and

demodulator.

The principal effect of restricting the bandwidth of a

f.m. television signal with sound subcarrier is to give a

sound/chroma beat pattern on the picture. This is, in

general, a more objectionable impairment than the de-

saturation attributable to the differential gain and phase

distortion of the colour subcarrier. Differential gain and

phase distortion in the receiver would, however, be more

significant as a limitation if the programme circuit feeding

the satellite had already introduced relatively high levels of

this type of distortion (say, 25% and 25°) or if the sound

programme were radiated independently of the vision (e.g.

on a separate carrier}.

No attempt has been made to correct the group-

del ay/frequency response of any of the filters, and one

effect of group-delay variation in the receiver filter is to

introduce crosstalk from the vision signal into the sound

programme. This sets a limit of 48 dB to the weighted

sound signal-to-noise ratio* which can be achieved when the

wanted vision signal consists of 100% colour bars. A
figure of at least 50 dB for the weighted sound signal-to-

noise ratio is desirable, and it is therefore necessary to

consider the possibilities for reducing the group-delay errors

in the receiver. To simplify the present measurements,

tests on the sound channel were conducted with black level

and syncs on the vision channel of the wanted signal; this

gives a much improved sound signal-to-noise ratio. A
simulated 4-section filter (comprising a 4-section tow-pass

filter and a 3-section high-pass filter) was constructed for

use as the receiver filter in one of the tests, and it intro-

duced less group-delay distortion, as might be expected.

The weighted signal-to-noise ratio obtained in the sound

channel when this filter was used in place of the 6-section

type was 50-5 dB when the wanted vision signal was 100%

colour bars.

The interfering signal was produced by a 70 MHz
modulator identical with that for the wanted signal; it was,

for most tests, filtered (by filter 'B') f in order to attenuate

spectral components of the signal outside the limits of the

nominal channel bandwidth, and frequency shifted by two

mixing processes. A u.h.f. band-pass filter CO removed

the image component in the output of the first mixer. A
variable attenuator was used to adjust the amplitude of the

interfering signal before it was added to the wanted signal.

3. Description of tests

Subjective tests were conducted to determine the

relationship between picture impairment, channel spacing

and protection ratio. Owing to the limited time available,

only two viewers were used to judge each test. These

viewers, who were technical personnel, graded the pictures

according to a 6-point impairment scale.* The vision

modulation of the interfering signal was 100% colour bars

locked to the source of the wanted picture for all tests, as

this condition demanded the greatest protection ratio. The

wanted signal consisted of a colour television picture of the

slide 'girl wearing a headscarf shown (in monochrome) in

Fig. 3. Sound subcarriers were incorporated in both signals

where appropriate to the test. The presence or absence of

modulation on the sound subcarrier of the interfering signal

appeared to make no difference to the protection ratio

requirements.

3.1. Tests using vision signals with 6 MHz sound sub-

carrier

The first test of picture impairment used the full

experimental arrangement as shown in Fig. 1 and a suf-

ficiently wide range of conditions to give picture impair-

ments in the range of grades 1-5 to 4. Results for the

range 1-5 to 3 are presented in Fig. 4. The observers'

* Sound signal-to-noise ratios quoted in this report were measured
with a BBC-modified Niese meter* {giving r.m.s. readings for

continuous noise) with a CCIR weighting network. The
reference signal was 100% modulated, i.e. a deviation of ±50
kHz of the subcarrier, at a modulation frequency of 1 kHz.

The 6-point impairment scale used was that given in CCIR Report

405-1 (New Delhi, 1970) and is as follows:

1. Imperceptible 4. Somewhat objectionable

2. Just perceptible 5. Definitely objectionable

3. Definitely perceptible, but 6. Unusable

not disturbing

(EL- 90)



Fig. 3 - The slide 'Girl wearing a headscarf used as the

wanted picture in the tests

assessments were plotted as a field of points on the graph

paper and curves were drawn as contours of constant grade

corresponding to grades 1-5, 2 and 3.

Subsequent tests were restricted mainly to assess-

ments of pictures close to the grade 2 standard, as it was
considered that an extensive selection of tests covering a

limited range of impairment would be more valuable than a

smaller number of tests conducted in great detail, employing

a wider range of impairment.

Tests on the sound channel consisted of measurements

made with a Niese (O.l. R.T.) meter modified to BBC
requirements using the CCIR weighting network. This

combination of measuring equipment has been found to

give good agreement with subjective data on the impairment

characteristics of different types of noise and disturbance

in sound circuits, and was chosen for a series of objective

tests as a suitable alternative to the relatively time-con-

suming subjective tests. Fig. 5 shows the results of

measurements made on the sound channel under the same

conditions as those for the first test of picture impairment

A weighted signal-to-noise ratio of 50 dB just gives a grade

1 impairment, assessed under quiet laboratory conditions.

This was determined by a brief listening test, and it is

probably fair to say that the assessment would correspond

to grade 2 under listening-room or quiet domestic con-

-30 20
-20 -10 10 20 30
centre frequency of interfering signal, MHz,

referred to centre frequency of wonted signal

-20 -10 10

centre frequency of interfering signal, MHz,
referred to centre frequency of wanted signal

30

Fig. 4 - Protection ratio as a function of frequency

separation of the wanted and interfering PAL signals

(with 6 MHz sound subcarriers)

______ Result for a grade VA picture

Result for a grade 2 picture

•—- Result for a grade 3 picture

Fig. 5 - Protection ratio as a function of frequency

separation of the wanted and interfering PAL signals

(with 6 MHz sound subcarriers)

— Result for a sound signa!-to-noise ratio of 60 dB

(weighted)

Result for

(weighted)

a sound signal-to- noise ratio of 50 dB
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ditions. Even if a signal-to-noise ratio of 60 dB (weighted)

were required, and this represents a very high standard, it

will be seen that the protection ratio requirements for the

sound channel are less stringent than those for the vision,

when the wanted and interfering signals are on adjacent

channels {as distinct from overlapping channels). For this

reason, measurements of the protection needed by the

subcarrier sound channel of the composite vision/sound

signals were not pursued.

In order to achieve a signal-to-noise ratio exceeding

50 dB in the sound channel, even in the absence of inter-

ference, attention would have to be given to the group-delay

characteristic of the receiver i.f. filter as discussed in

Section 2.2.

A test of picture impairment with the output filter,

'B', removed from the interfering signal chain and a further

test with the 6-section filter, 'A', replaced by a 4-section

filter with the same nominal bandwidth, produced in each

case results virtually indistinguishable from those presented

in Fig. 4.

A brief series of tests was carried out with PAL and
SECAM signals in adjacent channels. For these tests the

experimental set-up was restored to its original arrangement

with 6-section filters in both the 'A' and 'B' positions.
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With a SECAM wanted signal and a PAL signal inter-

fering, the results were sensibly identical with those shown
in Fig. 4 and therefore are not presented separately in this

Fig, 7 - Protection ratio as a function of frequency

separation of the wanted and interfering PAL signals

(without sound subcarriers)

-20 --10 -10 20 30
centre frequency of interfering signal, MHz,

referred to centre frequency of wanted signal

Fig. 6 - Protection ratio as a function of frequency

separation for a PAL wanted signal with interference from

a SECAM signal

• Result obtained when the receiver filter has a band-

width of 27-5 MHz
Result obtained when the receiver filter has a band-

width of 22 MHz

report. The results obtained with a PAL wanted signal and

a SECAM signal interfering are shown in Fig. 6.

3.2. Tests using vision signals without sound subcarrier

The subcarrier sound system offers a number of

attractions, principally the elimination of a separate sound
transmitter and the possibility of easier adaptation of

satellite transmissions to existing television receivers. There

may be advantages in using other systems of sound channel

transmission and tests were conducted using a vision-only

signal with no sound subcarrier so that information relevant

to such systems would be available.

The results of subjective tests with PAL signals in

both wanted and interfering channels are shown in Fig. 7

for receiver bandwidths of 27-5 MHz {i.e. the same as that

for the vision plus sound signal) and 22 MHz. Differential

gain and phase distortion figures for the signal after modu-
lation, filtering by the 22 MHz band-pass filter, and de-

modulation, were 18% and 13° respectively. These figures

would be rather high for a practical system, in which

additional distortion would arise elsewhere in the signal

chain, but did not prejudice the results of the subjective

tests as they were totals for the whole system and the

impairment produced was quite imperceptible. A more
realistic bandwidth for a receiver filter in a practical vision-
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only system would be about 26 MHz, to permit a reasonable

allowance for distortion in the programme distribution

network.

bandwidth of 26 MHz would be necessary for vision-only

signals, with a channel separation of 27 MHz.

4. Discussion of results

It will be assumed in the discussion that the most un-

favourable conditions will give an adjacent-channel wanted-

to-interfering signal ratio of -6 dB at the input to the

receiver.

The results presented in Fig. 4, show that a channel

spacing of 31 MHz is needed for a receiver bandwidth of

27-5 MHz, under circumstances where the protection ratio

is —6 dB, for a grade VA picture impairment. If a grade 2

impairment can be tolerated in the worst circumstances,

29-5 MHz channel separation is sufficient. Two features of

the Fig. 4 results are particularly interesting. Firstly, the

asymmetry of the graphs which seems to be caused by the

fact that interference affecting the synchronising pulses is

unimportant as long as synchronisation of the receiver is

unperturbed; the synchronising pulses of the video wave-

form deviated the carrier to a high frequency in the modu-

lators which were used for the experiments described here.

As a result, the viewers were more tolerant of interference

at the higher-frequency edge of the receiver passband. The

second point of interest concerns the close proximity of

the three curves to each other under adjacent-channel

conditions. As frequency separation increases, the picture

rapidly improves and so, even allowing for some incon-

sistency in observers' judgement of picture impairment, it is

possible to obtain a very good assessment of the required

channel separation with a relatively brief and simple set of

subjective tests such as those described in this report.

Fig. 6 shows that a wanted PAL signal can tolerate

an interfering SECAM signal with a relative level of +6 dB

at a channel spacing of 26 MHz for a grade 2 picture. This

is interesting but unfortunately of little practical use, as

SECAM still requires a 29-5 MHz channel spacing from an

interfering PAL signal for a grade 2 result under equally

unfavourable conditions. The graph of Fig. 6 does not

show the asymmetry which is a feature of the results for

interference between two PAL signals. Further study

would be needed to ascertain the reason for this, but as the

spacing between PAL and SECAM coded signals does not

depend on this result it was not pursued.

The results in Fig. 7 for vision-only signals show that

with a receiver bandwidth of 27-5 MHz, a separation of

27 MHz is necessary. This implies that the 27-5 MHz band-

width is a little too generous for a vision-only signal with a

peak-to-peak deviation of 13 MHz, which is not particularly

surprising. With a 22 MHz receiver bandwidth, a channel

separation of the order of 23 MHz is sufficient. For the

reasons stated in Section 3.2 it is considered that a receiver

5. Conclusions

The channel spacing requirements for a satellite direct

broadcasting f.m. television service with the system con-

stants recommended by EBU Sub-group K3 have been

investigated. The results indicate that, with transmissions

incorporating the sound channel on a 6 MHz subcarrier,

and a receiver bandwidth of 27-5 MHz, the channel spacing

required is 29-5 MHz. For vision-only signals in adjacent

channels, it is suggested that the spacing should be 27 MHz
but this has not been verified by experiment Under these

circumstances, the impairment of the picture caused by

adjacent-channel interference with a protection ratio of

—6 dB should not exceed that corresponding to a subjective

assessment of grade 2 on the 6-point scale.

One of the tests has shown that, in the receiver, a 4-

section filter should provide adequate selectivity and can

offer advantages in other respects over a 6-section type

because of its better group delay characteristic. It may also

be unnecessary to include a filter in the output of the

satellite transmitter, but this would depend on the linearity

of the transmitter output stages.

A separate report
5

deals with the channel separations

which are required when satellites transmit f.m. sound

broadcasts or a combination of f.m. sound and f.m. tele-

vision broadcasts in adjacent channels.

6. References

1. GILCHRIST, N.H.C. 1973. Satellite broadcasting:

bandwidth requirements for f.m. television signals. BBC
Research Department Report No. 1973/19.

2. CCIR : Recommendation 405-1, Xllth Plenary Assem-

bly (New Delhi, 1970), Vol. IV, Part I, p. 148.

3. GEDDES, W.K.E. 1968. The assessment of noise in

audio-frequency circuits. BBC Research Department

Report No. EL- 17, Serial No. 1968/8. See CCIR Docu-

ment 10/175 (Period 1970-1974) also issued as CMTT/
141.

4. CCIR Recommendation 468, Xllth Plenary Assembly

(New Delhi, 1970), Vol. V, Part I, p. 227.

5. GILCHRIST, N.H.C. 1974. Satellite broadcasting:

channel separation requirements for f.m. sound signals,

and for a f.m. sound signal adjacent to a f.m. television

signal. BBC Research Department Report No. 1974/21.

SMW/AMM

(EL-90)



Printed by BBC Research Department, Kingswood Warren, Tadworth, Surrey


