Testing of the Broadband Over Power Line System in Feeding Hills/Agawam, MA

Date:  September 19, 2004

Test engineer: Ed Hare, ARRL Laboratory Manager

Draft: September 19, 2004 

Executive Summary:

This testing was conducted to assess the spectral occupancy and emissions levels of the small trial broadband over power line (BPL) system in Feeding Hills, MA.  This BRL trial consists of a single leg running on Mill Street in Agawam and Feeding Hills.  An estimated 50 homes are passed, with fewer than 10 installed modems active at this time.  It is being operated by the Western Massachusetts Electric Company (WMEC) division of Northeast Utilities, using BPL equipment manufactured by Amperion.

Calibrated laboratory equipment was used in a 1989 Subaru station wagon to make relative and absolute measurements of the system.  Fixed and mobile testing was done to assess spectrum occupancy; measure the field strength of the BPL signal along about 2 km of overhead power lines and measurements of ambient noise levels were made in adjacent neighborhoods that do not have any observable BPL signals.

All spectrum from 1 to 50 MHz was assessed for the presence of BPL signals.  The strongest HF BPL signal was observed at 26.655 MHz.  Field-strength measurements were made at that frequency only, at this time. Based on this assessment and measurements made at the frequency of the strongest signals using a vertically polarized mobile whip, the system appears to be operating below the maximum permitted emissions permitted under Part 15 of the FCC regulations.  Additional testing will be performed using a calibrated amplified loop antenna, to investigate the entire HF spectrum and other polarizations using the specific test method recommended by the FCC
. Most areas of the system are operating about 10 to 15 dB below the permitted FCC limits.  

This system has avoided the intentional use of amateur spectrum.   Near the BPL injection point, weak BPL signals were observed on the 28 MHz amateur allocation, about 2 dB above the ambient noise level in the area. This requires further investigation to assess the interference potential to home stations operating in the Amateur Service, especially stations operating in electrically quiet areas. Ideally, this investigation can be done in cooperation with WMEC and Amperion staff.

Test Equipment Used:

	Manufacturer
	Model
	Description
	Date Calibrated
	Notes

	Rohde and Schwartz
	ESH-2
	EMC Receiver, 3-30 MHz
	5 Feb 2004
	Peak, quasi-peak or average power measurements

	ICOM
	R-3
	General coverage receiver
	Not calibrated
	Used for monitoring only

	AH Systems
	SAS-563B
	Active loop antenna
	11 Mar 2004
	

	
	Various
	Loaded mobile whip antennas
	ARRL calibrated against SAS-563B on 1 Sep 2004
	

	LabJack
	U12
	USB Data acquisition card 
	Purchased new 

1 Sep 2004
	8-channel, 12-bit ADC
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Test Fixture Configuration:

Figure 1: A laptop computer is used to read a data acquisition device connected to an EMC receiver meter-output voltage and GPS receiver to obtain calibrated field-strength measurement vs distance and position.

All equipment was powered from 12 volts from an automotive battery installed in the back-seat area of the test vehicle.  The battery can be charged from the vehicle electrical system, but it is generally operated independently of the vehicle to minimize noise. The laptop operates from its internal battery, which is periodically recharged with a DC-to-AC converter available in the vehicle.  This converter is powered off during all testing. There are few "birdies" from the computer and these are easily avoided during testing.

Spectral Occupancy Pre-Tests:

A location in the parking lot of the Agawam United Methodist Church on Mill Street was selected for the initial spectral-occupancy testing. This is located approximately 30 meters from the first injector on this system, reportedly connected to the Internet by a microwave link.  This location was at 42.07152o latitude and 72.64630o longitude (WGS-84). The mobile test measurement system was parked in the parking lot, eight meters horizontally from overhead power lines. The lines were at a typical height of approximately 10 meters.  The slant-range distance between this test point and the overhead lines was approximately 10.6 meters between the overhead power line and the center of the vertical mobile whip antenna.

The spectrum between 1 and 50 MHz was examined for the presence of BPL signals.  This was not a calibrated measurement, but an assessment of the spectral occupancy of the BPL system.  A 102-inch mobile whip antenna was connected to the EMC receiver. The receiver was then tuned through its range, with the operator listening for the presence of BPL signals. The system used in Feeding Hills, manufactured by Amperion, is an orthogonal frequency-division multiplexing system, with modulated carriers spaced 1.1 kHz over the frequency occupied by the BPL system. The amount of spectrum used and the nature of the modulation are distinct, so this type of BPL cannot be confused with noise or other over-the-air signals
.   Above 30 MHz, an ICOM R-3 general coverage receiver was used to listen to the spectrum.

The following BPL signals were observed:

	Frequency
	Notes

	Below 18.41 MHz
	No BPL signals observed below 18.41 MHz

	18.41 MHz
	BPL signals just audible

	18.45 MHz -19.1 MHz
	Strong BPL signals observed in this frequency range

	19.l – 20.48 MHz
	The BPL signals tapered off slowly to 20.48 MHz, where the they were just observable


	20.48 - 24.24 MHz
	No BPL signals observed in this frequency range


	24.24 MHz
	BPL just audible

	24.34 - 24.84 MHz
	Strong BPL signals observed in this frequency range

	24.88 MHz-25.008
	No BPL signals observed in this frequency range


	25.020-27.96 MHz
	Strong BPL signals observed in this frequency range. This includes the Citizens Band Radio Service.

	28.0 - 29.7 MHz
	Weak BPL signals heard in the 10-meter amateur band, increasing the EMC receiver signal-strength meter by 2-3 dB. 

	29.7 - 30.7 MHz
	No BPL signals were observed in this range

	31.2 –35.9 MHz
	Moderate BPL signals were observed in parts of this frequency range


For the most part, only weak BPL signals were observed in amateur spectrum (only on the 28 MHz amateur allocation).  Those weak signals should be evaluated from a home amateur station, to assess their effect on stations with gain antennas on 28 MHz. As an alternative, a portable tower and small 3-element Yagi antenna could be brought to the area and operated portable at a height and distance similar that typically used by home stations.

In the parking lot, the strongest signal observed was on 26.665 MHz, at a level of 32.7 dBuV/m.  This frequency was then used for the subsequent in-motion testing along several area streets.

A second observation of spectral occupancy was made at the intersection of Mill Street and Norris Street, just around the corner on Norris Street
.  The HF signals observed in the church parking lot could be heard, but at a much lower level than at the church parking lot. The 30.6-38.94 MHz BPL signals were stronger at this location.  The following was observed, using the ICOM R-3 general coverage receiver:

	Frequency
	Notes

	30.6 MHz
	BPL signals just audible

	30.7 - 35.11 MHz
	Strong BPL signals were observed in this frequency range

	35.11 - 38.94 MHz
	The level of the BPL signal was tapering off over this frequency range


In-Motion Testing:

The mobile measurement system used in these tests is capable of making calibrated field-strength measurements in motion. The EMC receiver has an output port that provides a DC voltage from 0.5 to 5.0 volts, corresponding to its analog meter scale of received signal level in dBuV.  In this test, as seen in the figure above, a data acquisition device is connected to this receiver port. The computer software then makes a measurement of the voltage every 50 milliseconds.  In addition, a GPS reading is taken every second and the distance between measurements is extrapolated from the 1-second GPS readings and the laptop computer system clock.  At a speed of 30 miles per hour, this gives a reading of signal strength approximately every 0.7 meters. This is more than fine enough to observe subtle variations in signal strength due to BPL-system power-line resonances and standing waves.

In the mobile configuration, only one antenna polarization can be measured for a given run.  In this case, a vertically polarized antenna was used to make measurements that would correlate well with the expected interference levels to a mobile station operating in the area.  

A mobile run was made from the intersection of Brian Street and Cooper Street, east of the high school, then along Mill Street to the junction of Mill and Polar Streets.  This run used the EMC receiver and self-calibrated 102-inch whip antenna near 26.55 MHz.
 The results of this run are shown in the following graph. These data are actual field strength, corrected for the antenna factor of the test antenna used.  One line on the graph makes a correction for distance, assuming a slant-range distance of 10.7 meters between the antenna center and the power lines
 and a 20-dB/distance decade extrapolation.
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Figure 2: This mobile run measured the field strength along the BPL system in Feeding Hills, MA on 26.665 MHz. The antenna used was a 102" vertical whip, mounted on the roof of a 1989 Subaru station wagon. The BPL signal was audible at the start and end of the runs, with strong levels observed in between.  The BPL injection point is approximately at the point marked X on the graph. This graph shows the degradation of the spectrum BPL is using compared to areas outside the BPL test area.
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Figure 3: This shows the ambient noise level on 26.665 MHz on three streets near, but not within, the BPL test area. BPL signals could not be heard in this area. This noise level is typical of that found along streets in residential areas with overhead electrical wiring.  By comparing this graph to that of Figure 1, it can be seen that the BPL system in Feeding Hills, MA is degrading the spectrum it is using by as much as 35 dB. 


































� ARRL, 225 Main Street, Newington, CT 06111,  Tel: 860-594-0318, Email: � HYPERLINK mailto:W1RFI@arrl.org ��W1RFI@arrl.org�, Web: � HYPERLINK http://www.arrl.org/bpl ��http://www.arrl.org/bpl�


� A detailed description of how to make relative measurements, baseline measurements and Part-15 measurements is found at � HYPERLINK "http://www.arrl.org/~ehare/bpl/measurments.html" ��http://www.arrl.org/~ehare/bpl/measurments.html�.





� The test engineer making these tests has had considerable experience in other BPL test areas and readily recognizes Amperion-equipment's modulation and spectral occupancy.


� A notch of approximately 20 dB was observed near 19.55 MHz.  It is not known whether this was a notch intentionally placed in the system or an inadvertent notch caused by resonances in the BPL system or the antenna used for this test. 


� Very faint BPL signals were heard near 20.64 MHz, at a level that did not affect the EMC-receiver signal strength meter.  These were not deemed significant for this testing.


� The BPL signal decreased quickly between 24.84 MHz and 24.890 MHz, the start of the 12-meter amateur allocation.  This notching appears to be better controlled than what has been seen or described in other Amperion systems.


� GPS coordinates were inadvertently not recorded for this location, but it is near the Western terminus of the system along Mill St.  


� The gain of the whip antenna is estimated to be -4 dBi on 28.5 MHz, and this figure was used for the calculations. The actual gain is probably a bit less below the antenna' s resonant frequency, so this probably underestimated the field strength by a dB or two. 


� The distance of the power lines from the test vehicle varied along the street as the distance of the power lines from the street of the height of the lines changed. 





