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Abstract
A visit to Crieﬀ in June 2004 is described, in which measurements were made to assess the emissions of a Power-Line Telecommunications (PLT) system and its propensity to cause interference
to HF radio reception. The PLT system was developed by the Spanish company DS2 whose representative unfortunately prevented measurements being made in a way that was either comparable
to tests made on other systems in 2002 or of obvious relevance to normal radio reception. All measurements were outdoors whereas normal radio reception takes place inside listeners’ homes. This
was unfortunate, especially as DS2 makes claims of signiﬁcant advances in reducing interference
which it would have been good to conﬁrm.
Nevertheless it was possible to demonstrate that signiﬁcant interference was still caused to
reception at the outdoor locations and it would be reasonable to infer that this would apply with
at least equal force to reception indoors.
The DS2 system had some capacity for inserting notches in the used spectrum which was
explored in the tests. Notching was seen to mitigate interference substantially in the bands where
it was applied.
Some audio recordings demonstrating the eﬀects of interference and the beneﬁts of notching
have been made available for download and are described in the document.
The measurements, their limitations, and what can nevertheless be inferred from them are
discussed at some length. There remains a clear need to perform an unencumbered assessment of
this PLT system (and any future ones also claiming improvements in interference mitigation) so
that the threat from PLT to reception of HF broadcasting can be properly assessed.
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Introduction

Power Line Telecommunications (PLT, also known as PLC or BPL1 ) systems use wiring designed
for carrying electrical power to transmit data signals. The data connection may be used for
access (connecting the home to the outside world), home networking (connecting computers and
peripheral devices within a building), or for a combination of the two. Most systems can achieve
bit rates of up to 10 Mbits/second or more, allowing them to compete with conventional broadband
access supplied via telephone or dedicated wiring.
The modulation schemes used by PLT systems tend to use frequencies which are in the ‘shortwave’ or HF band from 3 to 30 MHz. Unfortunately, sending RF signals down wiring which was
designed to carry 50 or 60 Hz will tend to result in radiation of the signal, as the unshielded cable
acts as an antenna. A number of bands in the frequency range commonly used by PLT systems are
allocated for long-distance transmissions, such as international broadcasting, as the propagation
of signals at these frequencies allows them to be received a great distances from the transmitter.
Radiated signals from a local PLT installation could cause interference to these broadcast signals,
or even prevent them being received at all.
In 2002, engineers from BBC R&D were invited by Scottish & Southern Electricity (S&SE) to
measure two pilot access-PLT schemes installed in Crieﬀ, Scotland. A number of measurements,
including the ﬁeld strength of PLT emissions and their eﬀect on in-home reception of analogue
shortwave, were made and documented in a White Paper [1].
In late 2003, BBC R&D was once again approached to carry out similar measurements on
a third access-PLT system, made by DS2. This system was of particular interest as it has the
capability to introduce notches in its frequency spectrum. If such notches were placed in areas
of the spectrum used for broadcasting, they would have the potential to reduce signiﬁcantly the
interference experienced by radio listeners.
The visit took place on 14–17 June 2004, and was also attended by staﬀ from the Radio
Technology and Compatibility Group from Ofcom, the UK telecommunications regulator. A
report of the Ofcom RTCG ﬁndings has been published [2]. BBC R&D made measurements
at a number of locations, including two homes served by the DS2 system. However, the DS2
representative denied us permission to make any in-home measurements or recordings, as we had
done on the previous visit, so the results are not directly comparable. All measurements and
recordings were made outdoors.
1

PLT goes by many names! PLC = Power Line Communication(s), BPL = Broadband (over) Power Line, and
the ‘T’ of PLT can also stand for Transmission.
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The DS2 system

2.1

System speciﬁcation

The DS2 access-PLT system, like the two systems (by Ascom and Main.Net) previously examined
in Crieﬀ [1], is a proprietary system and very little is made public about it. Indeed, it is probably
also misleading to talk of “the” DS2 system, since there may be several variants. For example, we
were given a preview of a ‘new’ access system during our visit, see § 4.6. Their web site2 , at the
time of writing, lists various integrated circuits, some of which are described as suitable for both
access and home-networking applications, but with datasheets only available for two examples
intended for home networking. In any case the only relevant information given in these datasheets
(which does appear to be in common with known presentations on their access system) is:
• “advanced OFDM3 modulation”
• “high density constellations”
• “programmable bandwidth and latency allocation”
• “remotely programmable notching”
During the course of the visit we learnt of a limitation in the system as installed. While
notches could indeed be implemented this was only true for the so-called ‘downstream’ links,
i.e. in the direction from substation to home and from home gateway to PC. The links in the
opposite direction (‘upstream’) could not be notched. This is unfortunate for the home listener,
in that these links originate in the home and may reasonably be expected to have the greater
power-spectral densities and thus greater likelihood to cause interference to domestic reception.
A later version of the DS2 system was said to remove this limitation. At one stage DS2
attempted to demonstrate it with an ad hoc network (a length of cable rolled out from the substation), but it was not possible to draw any proper conclusions — DS2 themselves were not happy
that it was working properly.

2.2

Characteristic DS2 signal spectrum

On arrival at Crieﬀ, some preliminary measurements were made at the substation containing the
DS2 equipment. Measurements were made from the road using a calibrated loop antenna and a
spectrum analyser.
A regular spectral pattern was observed at a number of frequencies, within bands that were
suspected to be used by the PLT system. Figure 1 shows a characteristic example in the vicinity of
10.5 MHz. The narrow spacing of tones also means that an AM broadcast receiver tuned anywhere
in the aﬀected band reproduces a slightly ‘edgy’ tone corresponding to the 1.1 kHz spacing.

2.3

Conjecture about the DS2 system

NB: any assertions in this sub-section about the DS2 system must be regarded as pure conjecture.
The spectral bands used by the system for home-to-substation, substation-to-home and within
the home are programmable, as was partly conﬁrmed when re-arrangements were made by DS2
2

The DS2 website is at http://www.ds2.es/ Unfortunately, further sub-referencing to speciﬁc pages does not
appear to be possible.
3
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Figure 1: Characteristic DS2 signal spectrum

representatives during the visit. We have to base this on our observations as we were at no time
explicitly informed, even in general terms, which bands were which and their extent. See later
sections for more information on bands.
The spectrum of Figure 1 is capable of various interpretations. Looking at the ﬁne detail
aﬀorded by the trace recorded using 100 Hz resolution bandwidth, we see narrow spikes spaced at
approximately 1.1 kHz — but every fourth one is missing. This means that if a wider resolution
bandwidth is used there appears to be a periodicity of 4.4 kHz instead — see the curve for 1 kHz
resolution bandwidth. This may explain why a web search will reveal various observers apparently
contradicting each other in saying that the DS2 OFDM carrier spacing is 1.1 kHz or 4.4 kHz — as
well as discrepancies in describing the bands apparently used.
It is indeed something of a mystery that such a line spectrum is visible: in itself a pure line
spectrum cannot carry any data information, although it can be used for synchronisation purposes.
An OFDM system which is carrying more-or-less random data would be expected to have a
more-or-less ﬂat spectrum. “More-or-less ﬂat”, since it depends on the OFDM-system parameters.
An OFDM system using rectangular pulses, having no guard interval, and carrying random
data, would have an essentially ﬂat spectrum within most of its occupied bandwidth, with reasonably steep sides at the edges. Each modulated carrier would have a power spectrum following a
Sinc2 ((f − f0 )/fs ) characteristic4 , with regular nulls that match the carrier spacing in such a way
that together they add up to an essentially ﬂat shape except near the edges.
When a guard interval is added to an OFDM system, the spectrum of each modulated carrier
becomes slightly narrower in comparison to the carrier spacing, with the consequence that the
summation of all the spectra no longer adds up to a simple ﬂat top. Instead there is a slight
ripple, with a pitch corresponding to the carrier spacing and a depth that increases as the guard
interval, expressed as a fraction of the OFDM symbol period, increases. This phenomenon can be
4

Sinc(x) =

sin πx
πx .

(Some use a deﬁnition without the π!). f0 is the carrier frequency and fs the spacing.
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readily observed with the various OFDM-based broadcast systems — DAB, DVB-T and DRM5
— and also with another OFDM-based home-networking PLT system, HomePlug6 v1.0.1.
Now, an OFDM system using high-order modulation like QAM on each carrier needs to measure
the channel frequency response in order to equalise its eﬀect and produce a constellation of a
deﬁned size and orientation. It also needs synchronisation. For both of these reasons it is common
for known reference information to be transmitted in place of a proportion of the data. DVB-T
and DRM are broadly similar in this regard. A few carriers are phase-continuous pure tones,
which appear as spectral lines at their respective carrier frequencies. Some reference carriers
in DVB-T change phase from symbol to symbol, which has the eﬀect of causing their spectral
lines to appear oﬀset from the carrier grid. Other references are scattered amongst the data,
which means that for such carriers there is mostly data, but since there is less of it the broad
spectral peak corresponding to such carriers is slightly lower in amplitude than for neighbouring
data-only carriers. The reference component of such carriers gives rise to spectral lines, but of
lower amplitude than that of the ‘permanent’ reference carriers, and largely masked by the data
modulation they carry.
The mystery of the DS2 spectrum is therefore that the spectral lines are so prominent. Various
hypotheses may be made.
It seems unlikely that any spectrum would be ‘wasted’ by not trying to use it. So a plausible
explanation for ‘1-in-4-missing’ nature of the line spectrum is that the carrier spacing is actually
4.4 kHz but that each carrier gains extra lines at ±1.1 kHz because of regular phase changes
somewhat similar to what happens with DVB-T reference pilots. This conclusion is also supported
by the description on p. 10 of the Ofcom report [2], where the number of carriers is said to be 512
within a bandwidth of 2.5 MHz.
As to the prominence of the lines, one possible explanation is that reference information is
sent at a higher amplitude than the data constellations. Again DVB-T provides an example, in
that its reference information is boosted relative to data by some 2.5 dB, this being a compromise
that optimises the quality of equalised data constellations. But what we appear to see in the DS2
spectrum is a far greater diﬀerence in amplitude than this.
An alternative explanation relates to the network we saw perhaps being lightly loaded. We
believe that only a handful of customers were connected7 — perhaps rather fewer than could be
supported? Furthermore, we do not know how busy even these connections were. Note that in
the 2002 tests we had some opportunity (through being in the homes of subscribers) to compare
the network when lightly loaded with when it was kept deliberately busy transferring ﬁles. So this
suggests that either the data was heavily outnumbered by references (and symbols not required for
data were empty, with no energy transmitted8 ) or that symbols not required for data transfer were
ﬁlled with consistent amplitudes and related phases so as to be the cause of the line spectrum.
The fact that we cannot be sure if either of these explanations is valid does limit what we can
infer from our measurements. The spectra recorded simply reﬂect what we could observe at the
time. We can make no certain inference as to what range of measurements would result if the
usage of the network should change. We simply do not know what the worst-case situation is, nor
perhaps even the typical, presuming it can be argued whether there is a business case to equip a
substation to feed a very few subscribers.
5

Respectively, Digital Audio Broadcasting, Digital Video Broadcasting-Terrestrial and Digital Radio Mondiale.
This system uses a pulse shape which has a measure of shaping applied, unlike the purely rectangular pulses
of the broadcasting examples. It improves the out-of-band roll-oﬀ, at the expense of, in eﬀect, slightly eroding the
length of the guard interval. It makes negligible diﬀerence to its in-band spectrum.
7
We knew at the time that it was at least three; Ref. [2] says it was 6.
8
As opposed to being ﬁlled with random data in the manner of energy dispersal used in systems like DVB-T.
6
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Figure 2: Measuring setup at substation

3

Locations

Measurements were made at four locations. It was only possible to gain access to the homes
of two PLT subscribers, and we were only allowed to make measurements outside the buildings.
Unfortunately, there was no opportunity to measure in or very near to the home of a neighbour
who was not subscribed to the PLT service. (In contrast to 2002, when we were able to measure
within subscibers’ homes, and in the home of a non-subscribing neighbour.) Measurements were
also made outside the equipped substation, which was very roughly midway between the two
subscribers as the wiring ran, and at a fourth location on the roadside of a nearby road9 .

3.1

Substation

Access to the two homes of PLT subscribers was understandably limited, to minimise the disruption to householders. However, it was possible to measure many aspects of the system by deploying
the antenna near the substation housing the DS2 equipment, as shown in Figure 2. There were no
issues of access with this measuring location as good signals could be measured from the public
highway, without having to enter private land.
On arrival in Crieﬀ, some initial measurements were made at the substation. These uncovered
the characteristic DS2 signal described in Section 2.2, as well as giving some initial indications of
the frequency bands used by the system deployed in Crieﬀ.
While investigating some of these bands, a strong interfering signal having a line spectrum
with a frequency spacing of about 76 kHz was discovered. The portable radio receiver was tuned
to 153 kHz (a broadcast station near twice 76 kHz) and signiﬁcant interference to radio reception
was conﬁrmed. The frequency of the signal suggested that a switched-mode power supply might
be a likely cause — it extends too low in frequency to be a deliberately-injected PLT signal.
By listening to the interference on the radio receiver, it was possible to identify the direction of
the likely source of the signal. This was identiﬁed as the area of the substation containing the
transformers. Figure 3 shows the radiated signal and the likely location of the source.
9

Fig. 1 of Ref. [2] shows the layout, the two subscribers being ‘C’ and ‘F’ and the fourth location ‘6’.

5

45

40

35

dBµV/m

30

25

20

15

10

5
2

2.2

2.4
2.6
Frequency (MHz)

2.8

3

(a) Spectrum of interfering signal, showing regular harmonics with approx. 76 kHz spacing. The
resolution bandwidth was 1 kHz.

(b) Likely location of source

Figure 3: Interference near substation

3.2

Dwelling 1

Figure 4: Measuring setup at Dwelling 1

Measurements were made in a number of positions around the outside of the building. Figure 4
shows one of the measurement positions, with staﬀ and equipment from the Ofcom team in the
background.

3.3

Dwelling 2

Measurements were only made at one position at Dwelling 2. As can be seen in Figure 5, the
weather was less than ideal, which made taking measurements more diﬃcult, as the equipment
was not waterproof!
6

Figure 5: Measuring setup at Dwelling 2

3.4

Roadside

(a) Equipment setup

(b) View from substation

Figure 6: Measuring setup at the roadside measuring position

The time available at the two dwellings was understandably limited to minimise disruption to
the householders. A roadside position was found where the DS2 ﬁeld strengths were comparable
to those measured outside the dwellings. The photographs in Figure 6 show the location relative
to the substation, and the two antennas deployed by the BBC and Ofcom.

4

Results

Field-strength measurements were made using the loop antenna connected to a spectrum analyser,
both powered by lead-acid batteries. The spectrum analyser was set up to use a ‘max hold’ detector
and its internal pre-ampliﬁer. When set to a 10 kHz resolution bandwidth this should provide
7

results comparable with those that would be obtained using a CISPR measuring receiver with a
peak detector. It was agreed at the outset in our discussions with S&SE, DS2 and Ofcom that
ﬁeld-strength measurements by the Ofcom RTCG staﬀ, using their CISPR receiver and calibrated
antennas, would be taken as deﬁnitive. Our measurements, made as explained using a spectrum
analyser, would be illustrative — helping to guide us in our assessments using radio receivers and
also providing extra guidance to us and Ofcom as to what measurements were worth making and
where. Please note, in comparing the various Figures presented in this document that the spectral
plots were not all taken with the same resolution bandwidth (RBW).
Recordings of radio broadcasts were made. (Relevant extracts are available for download and
discussed in § 5). Video recordings were also made where appropriate.
A professional DRM logging receiver was brought in order to analyse the signal strength and
error rates of available DRM signals; however, on the one occasion it was convenient to deploy it
there were no DRM broadcasts in relevant bands targeting Scotland, so little was gained.
Other equipment was brought to measure the conducted current and diﬀerential voltages on
mains wiring, but objections from the representative of DS2 prevented their deployment.

4.1

Frequency bands occupied by the DS2 system

By measuring radiation over a wide range of frequencies, it was possible to identify a number of
frequency bands that might be occupied by the DS2 system deployed in Crieﬀ. Likely frequencies
were then investigated to determine whether the characteristic DS2 signal was present.
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Figure 7: Dwelling 2, wide-band spectrum sweep showing DS2 bands

By the end of the trial, three bands had been positively identiﬁed in this way, and can be
seen in the graph in Figure 7, which was measured at Dwelling 2 with a resolution bandwidth
8

of 10 kHz10 . Information from the DS2 representative indicated that separate, unspeciﬁed bands
were used for uploading (transferring data from the user), downloading (transferring data to the
user), or home networking. We were not told which bands were being used for which usage. The
sections below describe the ﬁndings in each of the three bands in more detail.

4.2

The lower band: 2.5–5 MHz
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Figure 8: Lower band observed at Dwelling 1. The resolution bandwidth was 1 kHz.

This band was observed in detail at Dwelling 1, but was visible on wide-band sweeps at
Dwelling 2 (as can be seen in Figure 7). Figure 8 shows the extent of the band at Dwelling 1.
The characteristic spectral features of the DS2 signal were observed in this band at Dwelling 1
at 2.65, 3.6 and 4.75 MHz, conﬁrming that this band was in use by the DS2 system. Given that
this band was very clearly in evidence at the dwellings, but not prominently so at the substation,
we deduced that this band was normally used for the link from the home to the substation (the
‘uplink’). This is now conﬁrmed on p. 10 of [2].
However, resuming measurements at the substation on the second full day we found that things
had changed and this band was now clearly present there. The reason for this was that the system
conﬁguration had been changed overnight, swapping the ‘uplink’ and ‘downlink’ bands, in order
to facilitate an experiment with notching (see later). Figure 9 shows spectra of part of the band,
recorded under the two conditions, so that the sending end emissions are shown in both cases. It
is not clear why the levels recorded at the substation are lower; possibly the distance at which
we recorded was greater, but we do not believe suﬃciently so to explain the diﬀerence. Indeed
the Ofcom team was also heard to observe that levels appeared to be lower that day than they
had observed previously. Had the injection level perhaps been changed? The characteristic DS2
10

Note that this trace was taken while the upstream and downstream bands were temporarily exchanged — see
the discussion in § 4.2
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Figure 9: Detail view of part of the lower band. NB: system direction reversed for (b). The
resolution bandwidth was 100 Hz.
As remarked, the temporary reversal of the direction of operation had been made in order
to support a notching experiment. The Ofcom team had expressed an interest in seeing a notch
in this band, and since the installed version of the DS2 system only supported notching in the
downstream direction (from substation to home) the reversal was necessary. We were not able to
draw any ﬁrm conclusions from this experiment. For one thing, no broadcast band was involved,
so no direct test of reception could be performed. Secondly, as it happened, there was already
a relative dip in the radiated DS2 spectrum at our measurement location that roughly coincided
with the notch frequency. This meant that although we could clearly see the existence of the notch
we could not measure its depth. We could conﬁrm that the characteristic DS2 signal signature
was not visible in the notched band while the notch was in place.

4.3

The middle band: 8–12 MHz

This band was clearly visible at the substation, as can be seen in Figure 10, although at times it
could be obscured by ‘wanted’ signals11 , particularly in the broadcast bands at 9.4–9.9 MHz and
11.6–12.23 MHz. The characteristic DS2 signal was observed at 10.5 and 10.7 MHz at the substation, conﬁrming that the band was in use by the DS2 system. We deduced from its prominence at
the substation that this band was used for the access link from the substation to the home (the
‘downstream’ direction), as conﬁrmed in [2]. (During the temporary reversal of the access bands,
this band was also observed at Dwelling 2, with the characteristic DS2 signal seen at 11 MHz.
Note also Fig. 7.)
The middle band was also observed at the roadside measuring position while a notch in the
spectrum was implemented to cover the 9.4–9.9 MHz broadcasting band. Figure 11 shows the
eﬀect of the notch in the active broadcast band. We were not able to make any ﬁrm conclusions
11

Note that it should not be inferred that in this case the risk of interference to the wanted-signal reception
is negligible! For satisfactory reception, the interference level must be very substantially lower than that of the
wanted signal, measured in the same bandwidth.
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Figure 10: Middle band observed at substation

as to the notch depth. Recordings were also made of radio reception in the 9 MHz band at this
time, see § 5.
During the period that the notch was active, the characteristic DS2 signal was observed to be
present outside the notch (at 8.25 and 10.6 MHz) but absent in the notch (at 9.3 MHz). After
the notch was removed, the characteristic DS2 signal was observed to be present at 8.25, 9.6, and
10.6 MHz.
It may be seen in Figure 11 that the level outside the DS2 band (below 8 MHz) also dropped
when the notch was implemented. The authors are not aware of any reason why this should be
the case, but it also appears in the measurements reported by Ofcom, see Fig. 24 of [2].

4.4

The upper band: 19–23 MHz

This band was observed at both dwellings and the roadside measurement position. Figure 12
shows the band as measured on the west side of Dwelling 1, roughly outside where the home
gateway was situated inside. Recordings were taken here of the interference to broadcast radio
reception. The graphs in Figure 13 show the ﬁeld strength of the two broadcasts, and conﬁrm the
existence of the characteristic DS2 signal at these frequencies.
At Dwelling 2, the characteristic signal was observed at 21 and 21.47 MHz, and recordings
made at 21470 and 21605 kHz.
A ‘30 dB’ notch was implemented in this band while measurements were being made at Dwelling
1. This is shown in Figure 14, which shows a clear notch, although it is not possible to conﬁrm
the depth as it approaches the noise ﬂoor of the measurement system.
11

70
notch
no notch
60

dBµV/m

50

40

30

20

10
8

9

10
Frequency (MHz)

11

12

The resolution bandwidth was 10 kHz.
Figure 11: Middle band with notch to cover 9.4–9.9 MHz

70

60

dBµV/m

50

40

30

20

10
19

20

21

22

Frequency (MHz)

The resolution bandwidth was 1 kHz.
Figure 12: Upper band observed at Dwelling 1
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Figure 15: A broad sweep of the spectrum at Dwelling 1, showing a possible fourth band around
14 MHz, in addition to those already identiﬁed.

4.5

A fourth band, in the vicinity of 14 MHz?

Figure 15 shows the spectrum measured on the east side of Dwelling 1, the opposite side from the
location of the in-home gateway. Here we can see that a band in the region of 14 MHz is occupied,
at a level exceeding 40 dBµV/m (max-hold) in 10 kHz bandwidth. We surmised that this was
perhaps caused by the in-home part of the network, in the direction from home PC to the home
gateway. Unfortunately we did not have time to investigate this further, nor did we make any
recordings here.
The Ofcom report [2] identiﬁes the band 13.8 to 16.3 MHz as used for this purpose. However,
examining the spectrum it is possible that the band we see centred on about 14 MHz was something
other than the PLT-system signal. It has a diﬀerent shape, with less well-deﬁned edges than the
other DS2 bands. Whatever it was, we may deduce that at this location the level of interference
to reception would have been substantial in the two broadcasting bands in this frequency range.
(Note that 40 dBµV/m is the ITU-R recommended minimum protected ﬁeld strength for AM
broadcasting in the HF range, i.e. a wanted signal no weaker than this should be protected from
interference. The acceptable level of interference to a broadcast of this strength would be much
less still.)

4.6

Simulated ‘advanced’ network

The DS2 representative present in Crieﬀ was keen to demonstrate a new, ‘advanced’ version of the
system, which was claimed to have better notching capabilities. The system was deployed on a
simulated network consisting of a long cable running along the roadside verge from the substation
towards Dwelling 1.
A number of notches were implemented on this network, but it was unclear as to whether these
14

had been correctly applied. No conclusions could therefore be drawn from the measurements.

5

Radio reception

Just as for the emissions measurements, we were obliged to make all reception tests outdoors, so
we could not directly assess the impact on normal indoor reception.
As is usual in these circumstances, we were restricted to the transmissions that were on the air
at the time of each particular experiment. Since probably no broadcasts were speciﬁcally targeted
at Scotland during the ‘working’ part of the day, we simply had to try to ﬁnd any transmissions of
roughly relevant signal strength in relevant frequency bands — something that could not always
be achieved. We were more successful in ﬁnding a representative range of AM transmissions than
digital ones.

5.1

Analogue (AM) shortwave

We used a standard consumer ‘world-band’ radio made by Sony, and recorded its output on a
cassette recorder, both the radio and the recorder being battery operated.
Several extracts from the recordings have been made available for download, and are listed in
Table 1 of Appendix C.
5.1.1

At Dwelling 1

A ﬁrst group of recordings was made on the west side of Dwelling 1, at two distances, either 3 m
or 15 m from the house wall, and of two broadcasts in the 21 MHz band.
The ﬁrst was broadcasting music on a frequency of 21770 kHz and its ﬁeld strength was approximately 52 dBµV/m (some 12 dB stronger than the minimum protected ﬁeld strength for HF
broadcasting, namely 40 dBµV/m), as can be observed in Fig. 13. Extract 2 was recorded 3 m
from the house wall and a tone-like interference is clearly audible. The reader is invited to imagine
the situation for a received signal at the minimum protected ﬁeld strength, with the tone therefore
appearing to be relatively 12 dB stronger. Extract 3 (15 m from the house wall, well on to the
lawn) is much improved, but the tone can still be detected.
The second broadcast was of speech, on 21820 kHz and also with a ﬁeld strength of approximately 52 dBµV/m . Extract 4 was recorded at 3 m and Extract 5 and 15 m. (Unfortunately the
speaker changed between the two). The eﬀects are very similar to the ﬁrst broadcast.
5.1.2

At Dwelling 2

In this case recordings were made both close to the house (at about the same location as the
measuring antenna in Fig. 5) and some way away. Two broadcasts were recorded, again in the
21 MHz band.
The ﬁrst was broadcasting music on 21605 kHz. It mostly had a ﬁeld strength of about
55 dBµV/m but did fade somewhat, although these fades have been mostly avoided in the extracts
taken. Extract 14 is from the measurement location close to the house while Extract 15 was taken
at the front gate to the premises, some 15 m away. The tone is irritatingly audible in Extract 14.
The second was broadcasting speech on 21470 kHz. Its strength was weaker than the minimum
protected, being about 28 dBµV/m. We include it since, taken together with the ﬁrst, it ‘brackets’
the case of reception at the minimum protected ﬁeld strength. It also shows that even signals below
the minimum protected ﬁeld strength provide intelligible reception in the absence of interference.
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Extract 18 is from the measurement position near the house and Extract 16 is from a location in
the road (further away than Extract 15). As perhaps expected for a weaker signal, Extract 18 is
the worst considered so far.

5.1.3

Notching

Recordings were made of broadcasts in the 9 MHz band, while experiments were made with applying a notch from 9.4 to 9.9 MHz in the PLT signal launched from the substation, as described in
§ 4.4. Unfortunately we do not know in this case what notch depth was intended. The recordings
were made near a lamp-post 50 m from the substation.
The ﬁrst broadcast example is of speech in German, on a frequency of 9545 kHz at a ﬁeld
strength measured by Ofcom as 46 dBµV/m, i.e. somewhat stronger than the minimum protected.
Extract 21 demonstrates the situation without a notch, with a tone clearly audible, while Extract
29 shows the substantial improvement the notch gives.
The second broadcast example is of music and speech in Italian, on a frequency of 9670 kHz
at a ﬁeld strength measured by Ofcom as 33 dBµV/m, i.e. somewhat weaker than the minimum
protected. Extract 24, without the notch, shows the expected clear impairment while Extract
28, with the notch in place, again demonstrates the eﬀectiveness of the notch. (The programme
changed from music to speech during the time between these recordings).

5.2

DRM

We had also hoped to study the impact of the PLT interference on the new digital broadcasting
system for long-, medium- and short waves — Digital Radio Mondiale, DRM. However, we were
even more constrained by the availability of DRM broadcasts at the relevant times and frequencies.
Although at the time of the experiments many DRM transmissions were regularly made, few were
targeted so as to put down a representative signal strength into Scotland12 .
Our observations are limited to a few that could be drawn from the use of a battery-powered
portable DRM receiver, while measuring outside Dwelling 1.
There were DRM transmissions on the air in the 6, 9 and 13 MHz broadcasting bands. A
transmission at 9655 kHz was received satisfactorily, both well away from the house and while
seated in the bench seat visible in Fig. 4. Note that this frequency lies in the PLT band giving
rise to the lowest emissions at this location, as it was used for communication from the substation
to the home and this home was relatively distant from the substation.
In contrast the transmission in the 13 MHz band was weaker, so that reception on the lawn
was not completely reliable — there were interruptions to the audio. However, near the house
reception was not possible at all; not even the station label (which is deliberately conveyed in DRM
in a much more robust format) was decoded. This gives circumstantial evidence that emissions in
this range from the in-house PLT system were aﬀecting reception.
Several DRM transmissions were present in the 6 MHz band, but too weak to give more than
a station label. However, no PLT emissions were expected in this band.
12

This is a function of the direction in which the transmission was beamed, and where from, plus the choice of
frequency for the time of day. More DRM transmissions are now available, as the launch of full commercial service
approaches. In particular, a special test transmission to the UK in July 2005 enabled DRM reception to be logged
through Scotland, including Crieﬀ — but note § 8.
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6

Discussion

We set out on this measurement campaign with two things in mind:
• to determine the extent to which the DS2 system under trial delivered improvements in
compatibility with broadcast reception
• to try to extend our understanding of the radiation mechanisms associated with the interference caused by PLT systems more generally — in eﬀect answering some the questions that
arose from our 2002 visit.
Unfortunately we must record only very limited achievements from this campaign. The restriction
placed upon us (and on the Ofcom team) that we should not make measurements inside the PLTsubscribers’ homes means that we are unable to make any fair comparison with the PLT systems,
from Ascom and Main.Net, that we saw in the previous visit [1]. This restriction also meant that
there was no opportunity to study the radiation mechanism in more detail — e.g. to determine
whether the stubs formed by such things as light-switch wiring dominated the radiation sources
indoors.
So what did we achieve?
We established the characteristic signature of the DS2 system in the bands that it used in this
installation, and under the prevailing usage conditions. We may suppose that this signature could
change in form on a more busy network, also that the emissions levels would then increase, but
we were unable to make any measurements that could have quantiﬁed this.
We made indicative measurements of the emissions outside a subscriber’s home, the results
implying a clear threat of interference to radio reception that was conﬁrmed by using and recording
a consumer radio receiver. In the absence of measurements inside any homes, the results could
be taken as broadly indicative of the situation where a non-subscriber lives as the neighbour to
a PLT subscriber in a semi-detached or terraced house. (The outside wall of the well-detached
homes we visited is taken to represent the party wall in such a scenario).
We deduce (again, in the absence of indoor measurements) that reception within the subscriber’s home would be aﬀected at least as badly as indicated by our measurements and recordings, and perhaps signiﬁcantly worse. On this basis it is diﬃcult to say whether the DS2 system
is ‘better’ than the Ascom and Main.Net systems tested previously.
We were able to see that in certain cases notches could be provided. A ﬁrst limitation is that
notches could not be implemented (with the DS2 version actually in service) in the ‘upstream’
direction of either link, i.e. from house to substation or from PC to home gateway. Since these
both originate within the home environment, and thus might be expected to have the greatest risk
of interfering with reception indoors, this is a major omission. (We understand this restriction to
be overcome in a later system).
Both ‘20’ and ‘30’ dB notches were demonstrated to us at various frequencies. We cannot
conﬁrm for certain that the ‘30 dB’ notches fully achieved that depth. We noted that when a
‘20 dB’ notch was provided it had a fairly well deﬁned width more or less corresponding with
that requested, whereas a ‘30 dB’ notch had broad sloping sides. Measurements by Ofcom in the
substation [2] showed similar notch shapes and conﬁrmed that the depth of the ‘30 dB’ notch was
indeed deeper than the ‘20 dB’ one, although it is also not completely clear from their published
results that the full 30 dB was achieved.
The system was never operated at full power while a notch was implemented. This would have
been an interesting case to study, since any tendency for intermodulation (in the many non-linear
loads present on the power-supply network) to ﬁll in the notch would presumably be most apparent
under this condition. We saw no sign of this eﬀect at the power levels we were able to observe.
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Nevertheless, the recordings made while a notch was implemented in the 9 MHz broadcasting
band (see § 5.1.3) did clearly demonstrate that notching can be of great beneﬁt to the listener.
DS2 are to be commended for including this facility, which should preferably be explored further
in more representative conditions than reception in the road.

7

Further work

It remains to be determined whether the DS2 system represents a signiﬁcant step forward in
reducing the degree of interference caused to radio reception by the operation of a PLT system.
It is curious that we were not allowed to test a system described as oﬀering these improvements
under conditions representative of the problem it is claimed to solve. So a key requirement is for
this (and any other PLT systems for which similar claims are made) to be measured under the
circumstances that matter: inside the homes of subscribers and their neighbours. Such future
tests would be greatly facilitated if such matters as frequency bands used by the systems were not
treated by their proprietors as if they were secrets13 . While emissions remain at levels warranting
investigation, it follows that system details that are amenable to discovery in a public place by
nothing more involved than a spectrum analyser and an antenna — or a listener’s receiver —
cannot realistically be considered secret.
The operating parameters of the system should be explored in a future experiment, or at least
quantiﬁed more fully. While our assessments of the DS2 system as we found it are (obviously)
representative of how it was at the time, they could be misleading if taken on their own as the
source for further generalisation. The power level injected by the system in this case is known
to be less than it is capable of. It was suﬃcient to support the demands being made on it by
its relatively few subscribers. What would change if the system had more subscribers, or if the
existing ones used it more heavily? As outlined in § 2.3, we might suppose that the dominant
line spectrum would give way to a ﬂatter one under more heavy usage — but this can only be
speculation, until there is an opportunity to explore further. What would happen to the power
spectral density in this case?
It also remains to be seen whether a notching technique will be implemented and operated in
a way that genuinely addresses the real-world problems.
A ﬁrst requirement is for suﬃcient notch depth, so that the level of interference is made low
enough to assure unimpaired reception. The necessary notch depth of course depends on the
prevailing interference level without a notch and thus again requires tests within users’ homes.
A second requirement is for notches to be inserted whenever necessary. Listeners to HF broadcasting often need to listen to diﬀerent frequencies at diﬀerent times of day — partly as a matter of
choice of programme, but also as a physical necessity consequent on the physics of the ionosphere.
So a notching system requiring manual intervention by the PLT-system supplier or operators is
unlikely to be satisfactory, whether for the users (who simply want their receivers to work, whatever the programme to which they choose to listen, without having to request in advance that
the frequency be cleared) or for the system operators (who will not want the overhead of a call
centre processing listener requests/complaints and remotely reprogramming networks). This issue
is discussed further in [3, 4], where the basis of a possible automatic technique is outlined.
Further study of the radiation mechanisms — e.g. determining the extent to which stubs in the
mains wiring constitute the dominant means of radiation — remains desirable. The rate of decay
of emissions with distance is also important, but fortunately this has now been well addressed by
13

DS2 did oﬀer to disclose this sort of information, but only under a Non-Disclosure Agreement which we felt
would unreasonably limit our freedom to publish our measurement results.
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Ofcom [5].

8

Postscript

Subsequent to the experiments reported here, a DRM mobile-reception survey was carried out
around the UK, in July 2005, using transmissions speciﬁcally targeting the UK for the purpose.
The route was chosen to pass through Crieﬀ, and in particular the same roads again, in the hope
of having a better opportunity to assess the real impact of the DS2 system on DRM reception —
at least for reception in vehicles. Unfortunately, it was clear from the spectrum of the emissions
that the DS2 system was no longer installed there and had apparently been replaced by the Ascom
system.

9

Conclusions

A series of experiments was performed in June 2004 in an attempt to assess the impact of the
DS2 PLT system, as deployed in part of Crieﬀ, on the reception of radio broadcasting. We did
this at the kind invitation of the local electricity supplier, Scottish and Southern Energy. We also
co-operated with a measurement team from the then Radio Technology and Compatibility Group
of Ofcom; their report has been published as Ref. [2].
The system was of interest, since it is claimed to oﬀer advantages (in terms of easing issues
of interference to reception) over previous PLT systems. As we had studied two such earlier PLT
systems, by Ascom and Main.Net, in Crieﬀ in 2002 [1] we were keen to compare DS2 with them
— and also to perform further studies on the mechanism by which interference was emitted, to
which end we had amassed, even constructed various specialist items of equipment.
Curiously, considering the claimed advantages of the DS2 system over previous systems, the
DS2 representative prevented us from performing experiments in a way which would have permitted proper comparison with our past studies. No measurements or reception tests could be
performed within the homes of subscribers. Thus we were unable to determine directly the impact
of the system on listeners’ normal enjoyment of broadcast-radio reception in their homes, nor
could we make any further studies of the mechanism whereby interference was emitted by the
PLT system.
Measurements and reception tests could only be made outdoors — directly outside the subscribers’ premises, or in the street. To some degree these results give a ﬁrst indication of what
might be experienced by a listener who did not subscribe to the PLT system but whose neighbour
did.
Various properties (bands used and frequency- and time-domain ‘signatures’) of the DS2 system
as deployed could be readily detected from the street using standard measurement apparatus,
despite the secrecy that the supplier attaches to them. Four bands are used in all, two for the two
directions of communication between the electricity substation and the home, and the other two
for communication within the home. These bands can be programmed by the operator, so those
we observed may not coincide with those at other locations. They were indeed reprogrammed
during our visit in order to facilitate various experiments.
The tests clearly demonstrated that the DS2 system examined still causes an unacceptable
level of disturbance to reception at the outdoor locations we were permitted to use, and we may
reasonably surmise that conditions indoors, where reception usually takes place, would have been
worse still. Nevertheless, it is possible that the emissions are lower in level than previous systems
albeit remaining far from low enough for acceptable quality of reception, unless notching is used.
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The DS2 system is able to implement notches in the spectrum, something promoted as a way
to solve interference problems. The system we saw could only implement them in the direction
from substation to home, for the access network, or from master unit to PC, for the in-home
network. This is unfortunate, in view of the obvious proximity of receivers indoors to the units
sending PLT signals in the opposite directions. (We understand that a later DS2 system removes
this restriction; indeed we were given a brief demonstration of a prototype, albeit with limited
success).
We were able to conﬁrm the insertion of notches, albeit not every ﬁne detail of them. A
substantial reduction in emissions in the notches, and hence in interference, could be achieved, as
conﬁrmed by our recordings of reception.
We are unable to say whether the improvement from notching would have been generally
suﬃcient to protect radio reception at the frequencies of the notches, for two reasons. First of
all, as stated already, we were granted no access to indoor locations representative of normal
listening. Secondly, it must be noted that the levels we measured, and the spectral signature that
we observed, can only be taken as representative of the system as we observed it. As an example
it is fair enough, but it tells us little about what might have happened on a more heavily loaded
system. We know that the system can operate at higher injection levels [2] and that this would
be necessary if a greater capacity were to be supported. We can only speculate (see § 2.3) how
the spectral signature of the emissions and hence their impact on radio reception would be altered
under heavier loading.
The DS2 system possibly represents something of an advance, in that it has some facilities for
notching and perhaps also injects a lower level of PLT signal. If developed further with the ability
to provide notches in any of the bands it uses, and with the ability to provide them wherever and
whenever required by listeners, it might become a PLT system that radio listeners could accept.
We recommend that a later version of the DS2 system should be examined, but only under
conditions that permit answering all the relevant questions which aﬀect the impact on the listener.
In particular, emissions should be measured under circumstances corresponding to reception within
the home of a PLT user, and over a range of PLT-network loading conditions.
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Appendix A

Test equipment

The following principal items of equipment were used in the experiments:
• Wellbrook ALA 1530 1 m diameter active loop antenna (battery powered) — this had previously been calibrated, see Appendix B
• Wellbrook LA 5030 70 cm diameter active loop antenna (battery powered)
• Agilent E4402B spectrum analyser
• DV video camera
• Professional DRM logging receiver
• Cassette recorder
• Digital camera
• Consumer portable analogue shortwave radio receiver (Sony)
• ‘Consumer’ portable DRM receiver
together with batteries, chargers and so on.
Other items had been assembled with the express intention of exploring the relationship between the PLT signal present on the mains wiring (as a diﬀerential voltage, or a diﬀerential or
common-mode current) and the ﬁelds present in the vicinity:
• 2 diﬀerential mains interface boxes
• Mains cable breakout box
• Current clamp
• Sniﬀer coil
However, we were prevented from performing any experiments with these items as we were not
permitted to make any measurements indoors.
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Appendix B

Calibrations

The Wellbrook loop antenna used for the measurements had previously been calibrated for measurements of the H ﬁeld. Figure 16 shows the calibration factor required to convert the terminated
output voltage from the loop antenna, measured in dBµV, to the equivalent E ﬁeld in dBµV/m.
The marked points are the values measured by the test house; these have been interpolated to
calibrate the measurements made.
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Figure 16: Calibration curve for the loop antenna

Measurements from the spectrum analyser are given in dBm, so need a further conversion from
dBm to dBµV. For a 50 Ω system, an additional factor of 107 must be added to the measured value
to convert to dBµV. Thus, the conversion from dBm to dBµV/m requires a combined calibration
factor, which will be approximately 113 in the HF frequency band.
The various Figures throughout this document showing spectrum-analyser plots have been
produced using this correction technique so that they are scaled in terms of equivalent-E ﬁeld in
dBµV/m.
The second list in Appendix A contains items we had assembled to make measurements of
signals on the mains. These were also calibrated, but as we were prevented from using them no
further details need be given here.
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Appendix C
Extract
2
3
4
5
14
15
16
18
21
29
24
28

Position
mm:ss
1:44-1:56
2:07-2:18
3:21-3:28
4:36-4:43
16:03-16:14
18:05-18:17
19:06-19:13
20:34-20:40
23:12-23:20
30:44-30:51
25:59-26:09
29:50-30:00

Audio recordings
File
Frequency, Field strength, Reception location
name
kHz
dBµV/m or condition
x2.wav
21770
52 Dwelling 1, 3 m from wall
x3.wav
Dwelling 1, 15 m from wall
x4.wav
21820
52 Dwelling 1, 3 m from wall
x5.wav
Dwelling 1, 15 m from wall
x14.wav
21605
55, Dwelling 2, measurement pt.
x15.wav
fading to 35 Dwelling 2, by front gate
x16.wav
21470
≈ 28, In road, away from Dwelling 2
x18.wav
Dwelling 2, measurement pt.
x21.wav
9545
46 By lamp-post, no notch
x29.wav
By lamp-post, with notch
x24.wav
9670
33 By lamp-post, no notch
x28.wav
By lamp-post, with notch
Table 1: The audio extracts described in § 5

For historical record, “Position” in Table 1 denotes the approximate location of the extract in
the original master recording.
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