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Abstract — The measured data transmission signalling success per-
formance for an AM broadcast (outbound) — VHF radio (inbound)
two-way distribution automation system is presented. The perfor-
mance data is presented as a function of signal level, transmission
path length and time of day. The outbound link, which uses inaudible
stow speed phase modulation of the carrier of a standard AM broad-
cast station, demonstrated overall average signalling success rates
of belter than 99 percent in operational transceiver units. For the
154 MHz VHF return link, which used an unconventional slow speed
amplitude modulation resolved by a real time FFT detector-receiver,
the measured overall signalling success rate averaged about 60
percent.

Keywords: Distribution automation, load management, data com-
munications, AM broadcast, VHF, PSK, OOK, FFT.

INTRODUCTION

The interest among electric utilities in improving contro! and
monitoring of their distribution systems has led to an exploration
of a wide variety of two-way communication systems to implement
such control and monitoring functions. The communication systems
under investigation range from power line carrier and phase shift
systems which use the power line itself as the transmission medium,
to radio-based VHF and UHF systems, leased data channels on
cable television systems, fiber optic links, and satellite systems.

The communication system whose test results are reported in this
paper is a hybrid radio system (shown in Figure 1). The outbound
communication link which sends digital messages from the utility
control center (UCC) to remote units at customer premises or points
in the distribution system uses the carrier of a standard AM broad-
cast station. The phase of the carrier is modulated at a data rate
of approximately 20 bits-per-second (bps) in such a way that no
discernible interference is caused to reception of the normal AM
station signal on conventional receivers. The remote receiver units
at customer premises or in the distribution system are designed to
detect the 20 bps data signal while rejecting the normal AM broad-
cast signal. :

The inbound communication link operates on 15446375 MHz, a
VHF frequency assigned to power utility use. Each of the remote
units is equipped with a low power VHF transmitter which sends
a response only when requested to do so by a message received
via the outbound transmission link. The VHF signals from the remote
units are received at carefully selected reception points which are
located throughout the utility’s service area. For the system tested
during this research, the remote VHF transmitters used 20 bps
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Figure 1 — Basic two-way AM broadcast-VHF radio distribution
automation communication system.

amplitude modulation (on-off keying) signalling. In the interest of
spectrum conservation, and to increase the number of units which
could respond at a given time, remote units were assigned to 20
subchannels spread across the 154.46375 MHz VHF radio channel
at 100 Hertz intervals. Given the 20 bps data rate, this was considered
to be the minimum channel spacing which would allow straightfor-
ward separation of the subchannels in the receiver. Maintaining this
close spacing of subchannels inside the 154.46375 MHz channel
depended on a precisely controlled frequency reference derived from
the received AM broadcast carrier. The VHF reception locations
employed receivers using a novel real time Fast Fourier Transform
(FFT) technique for simultaneously filtering out each of the 20 sub-
channels and determining the data bit which was being received
in each. The received VHF information was subsequently reported
to the utility control center for processing and analysis.

For both the outbound AM and inbound VHF links in the system
tested here, the transmitted data was broken up into 32 bit blocks
which were called “superframes” by the project team. Each super-
frame combined 16 bits of actual data with a Reed-Muller error
detection and correction algorithm which increased the 16 data bits
to 32 bits comprising each superframe. The Reed-Muller algorithm
was intended to detect and correct 1 to 3 bit errors which may occur
in a superframe. Essentially all four or more bit errors were detected
(but not corrected) by either the Read-Muller algorithm or by an
underlying cyclical redundancy check (CRC) code which was also
employed on the outbound link.
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To assess data transmission performance, the remote units were
equipped with accumulators which stored the total number of super-
frames received and the number of superframes which contained
errors before and after the error correcting algorithm was applied
to the superframe. The superframe totals in these accumulators were
periodically reported back to the UCC via the VHF return link.
Several measures were employed to insure that errors in the VHF
transmission did not result in erroneous error rates being recorded
for the AM transmission link.

The purpose of this paper is to focus on the communication
performance of the outbound and inbound transmission links. The
overall aspects of the system design, hardware and software details,
and the performance of other parts of the system are all reported
in detail in the Final Report on Electric Power Research Institute’s
research project RP 1535-3 [1].

GENERAL COMMUNICATION SYSTEM
PERFORMANCE EXPECTATIONS

Several advantages were hypothesized for the hybrid AM
broadcast — VHF radio system. First, the coverage area of an AM
radio station during the day is determined primarily by the extent
of its groundwave signal propagation rather than by its spacewave
signal propagation as for VHF and UHF transmission. For this
reason, it was expected that the AM signal could achieve a much
wider reliable coverage area than VHF or UHF systems because
the signal amplitude would be much less diminished by the presence
of hills or other obstacles. AM radio stations also use relatively high
power (up to 50 kW in the United States) and represent an in-place
transmission resource which could be utilized in an efficient manner.
The slow speed 20 bps phase modulation would also permit very
narrow filtering of the received signal and thereby achieve an
enhanced post-detection signal-to-noise ratio (SNR). This would
further indicate that reliable reception could be achieved with
relatively weak signals. The narrow bandwidth aiso makes the
systern less sensitive to interference from adjacent channel stations.
With these attributes, it was expected that excellent data transmis-
sion performance would be achieved by the system in areas beyond
those in which reception of the regular AM signal would be
considered unuseable. One uncetainity that rested with the AM
broadcast link was its compatibility with AM stereo broadcast
systems which also use subaudible signalling for system recogni-
tion tones.

Spectrum conservalion was seen as the primary attribute of the
VHF inbound transmission system. The use of narrowband signal-
fing allows several slow speed data channels to use a single VHF
channel and thereby increase the number of units which can
respond at a given time. Using closely spaced subchannels in this
way was predicated on the availability of a highly stable common
frequency reference which, for this system, is provided by the AM
broadcast carrier. Narrowband channels also allow the use of
relatively low power transmitters in the remote units while achiev-
ing an adequate signal-to-noise ratio in the VHF receiver. The
narrowband channeis would also make the system relatively less
sensitive to interference from adjacent channel VHF transmitters
both within the system itself and from transmitters in other services
operating on nearby assigned frequencies. Since the FFT receiver
design is novel, and remote unit frequency stability is critical to
reliable return link operation, the expected VHF return link system
performance, especially in a busy urban radio environment, was
considered more uncertain than that of the outbound AM link.

TEST SYSTEM OVERVIEW

In order to assess the validity of the system communication
performance expectations, a pilot system was constructed and
operated for approximately 10 months during 1986. The system
consisted of one AM broadcast station and four VHF receiving loca-
tions, known in as Central Receivers in the project team parlance.
Approximately 420 remote units were installed. Roughly 75 percent
were at substations, the balance were at customer premises or other
locations. The host utility for the test was the Philadelphia Electric

Company (PECo). The AM broadcast station was WCAU, a 50 kW
full time non-directional station operating on 1210 kHz. The 1210
kHz frequency is a clear channel frequency in the United States
which is permitted more power and enjoys maore protection from
interference than most AM broadcast stations.

Three types of remote units were employed in the system test.
These were termed substation, residential and commercial based
on the intended installation location. In terms of transmitter-receiver
electronics and firmware, all 3 types were essentially identical. They
differed primarily in their housings and the AM receiving and VHF
transmitting antennas. Units which were known as substation units
had watertight metal housings. The VHF transmitting antenna was
a remotely mounted whip antenna with the shield of the coax to this
antenna (and the power cord ground wire) coupled into to form the
AM receiving antenna. The residential and commercial units were
both housed in molded plastic cases with an internally-mounted,
fixed loopstick antenna for receiving the AM signal. An enclosed,
top-mounted, short (20 cm), flexible loaded whip antenna was used
for VHF transmission. The residential unit was designed to be
plugged into a meter socket with the meter then plugged into it. The
commercial unit was equipped with a power cord instead of the meter
plug-in arrangement.

MEASURED COMMUNICATION SYSTEM
PERFORMANCE RESULTS

The fundamental measure of the capability of a communications
system is its ability to convey information from one point to another.
The ability to convey information is characterized by 1) the transmis-
sion capacity of the channel (in bits per second or bps), and 2) the
integrity of the received information; i.e., for a digital system, the
number of errors in the data after detection. The bit transmission
rate of the outbound AM transmission link and inbound VHF
transmission link was designed to be approximately 20 bps. Note
that this is the signalling rate in the channel, not the channel capacity
in information bits-per-second. No alternate transmissions speeds
were evaluated so no information is available on system performance
as a function of signalling rate.

The second measure of system performance, the error rate, was
the primary performance parameter evaluated with this test system.
To evaluate error rate performance, the pilot system installed at PECo
was equipped with extensive software at the control center computer
and in the remote transceiver units to tally the number of errors which
occurred in the outbound AM transmission link and the inbound
VHF transmission link. As stated, these errors were accumulated
on a 32 bit superframe basis rather than a bit-by-bit basis. By
accumulating tallies of all superframes received, and tallies of those
which contained errors, it is possible to calculate a superframe error
rate as a ratio of the two numbers. This was done for both the AM
and VHF links and all remote units which were operational.

Operational in this context means units for which performance
data is available. The existence of performance data indicates that
useable two-way communication with the unit was possible for at
least part of the system test period. The lack of performance data
indicates that because of hardware or other problems, two-way com-
munication with a unit was not available for a sufficient length of
time to gather performance data. These units were then classified
as non-operational. Roughly 21 percent of the units which were
physically installed were categorized as non-operational and
therefore not included in the performance results presented here.

As stated, the fundamental performance parameter gathered
during the system test was the error rate. However, it was felt that
a more useful illustration of performance could be obtained by
plotting signalling success rates rather than error rates. The
signalling success rates shown on the following graphs were found
by simply subtracting the error rates from unity.

Since the outbound AM transmission link and the inbound VHF
transmission link can be viewed as two independent communica-
tion systems, their measured signalling success performance results
will be presented separately.
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Figure 2 — Measured AM signalling success rates for all remote units versus time of day.
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Figure 3 — Measured AM signalling success rates for all remote units more than 50 km from WCAU versus

time of day.






