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ABSTRACT
This paper reports on the results of a correlation exercise, comparing radiated emissions measurements obtained at three different kinds of facilities: a G-TEM cell, a Semi-Anechoic Chamber (SAC) and an Open Area Test Site (OATS).  Recently there have been several reports of correlation exercises using self-contained radiating sources2,3.  This effort goes further in that it uses a source with a data cable,  which must exit the cell.  For this effort the test objects were digital phones.  These telephones receive their power and communicate over an unshielded twisted pair (UTP) cable.  The cable must pass out of the cell and to a switch simulator, which maintains the telephone in its operational state.

This report reviews several steps taken to improve the correlation between these various radiated emissions test facilities.  At the point of the writing of this paper the correlation between the G-TEM and OATS is generally better than 4.5 dB.  For most frequencies the correlation is better than 2.5 dB.


INTRODUCTION
The G-TEM cell has been getting quite a bit of attention as an alternative test facility to either Open Area Test Sites (OATS) or Semi-Anechoic Chambers (SAC).  This technology has generated a great deal of interest by the G-TEM's potential advantages, which include:


1.
Capital cost roughly equivalent to a well‑constructed OATS.


2.
Absence of ambients.


3.
Testing speed roughly 6 times that of an OATS and 1.5 to 2 times that of a SAC.


4.
Capturing of all emissions from the EUT, not only those within the cone scanned by the antenna.


5.
Providing radiated emissions and radiated susceptibility test capabilities within a single facility.

This report documents the findings of a correlation exercise using digital telephones.  There have been several recent exercises reported using battery powered, self-contained radiating sources.  The difference in this exercise is that it begins the investigation of how data and power cables must be handled in order to get equivalent results between the G-TEM and other types of facilities, either the OATS or SAC.

This paper describes the procedure developed to improve correlation between the G-TEM and OATS or SAC facilities.  It then reports the state of correlation achieved during this exercise.


INITIAL CONCERNS
As this correlation study was conceived there were concerns about the possible effects of several factors.   This exercise was designed to isolate the contribution of each of these factors and develop procedures to accurately deal with them.  Among these factors were:


1.
Multi-moding within the G-TEM.


2.
Various cable effects, which would be different in the G-TEM from the OATS.



a. Capacitance of the cable to the



   cell.




b. Length of cable required to reach



   the simulator located outside the



   cell.



c. Transition effects as the cable



   exited the recommended test volume



   within the G-TEM.



d. The effect of multiple readings of



   the stable portion of the cable as



   the EUT was rotated through three



   orthogonal axes.


3.
Directionality of emissions where the effective gain was greater than a dipole.


4.
Differences resulting from vertically directed emissions out of the EUT being detected in the G-TEM which are outside the scan volume of the antenna on either an OATS or SAC.


EXERCISE OVERVIEW
This exercise used two different models of digital telephones.  Three units of each model were tested in the G-TEM. They were then tested on the OATS.  The third step was to send them to the SAC.  Finally, the units were brought back to the G-TEM and rerun.  The final step provided a measure of the repeatability of the G-TEM measurements.  It also insured that no significant changes in the emissions spectrum of the EUT had occurred during the exercise.

The test setup used a digital telephone, which was the EUT.  An UTP cable ran from the phone, out of or off the test site and to a switch simulator.  Power for the phone comes over the UTP cable.  Digital signaling between the phone and the simulator was superimposed on the same cable.  

The simulator incorporated a regular PBX line card with a connection to an adaptor card in a PC.  The PC operated the line card as it would be operated in a regular PBX at a customer installation.

During this exercise a fixture was developed which stabilized the EUT for emissions testing.  The purpose of this fixture was to present as exactly as possible the same emissions profile to each facility where testing took place.  This resulted in a fixture, which held the phone and the first .8m of cable in a constant position.  Common-mode chokes at the end of this first length of cable to served as an impedance stabilizer for the cable.  This stabilization was necessary to assure that standing waves on the cable would be as consistent as possible from test to test.

In the final state, reported in this paper, a 'T' shaped fixture of  styrofoam blocks held the phone and the first .8m of cable.  The top of the 'T' served as a table to hold the phone.  A hole was drilled through the middle of this block.  The cable from the phone ran through this hole and was taped to the .8m  vertical leg of the fixture.

At the bottom the 'T' fixture two ferrite common-mode choke filters were placed on the cable.  Then the cable from the simulator was connected to it.  A thousand‑foot spool of cable was placed at the simulator.  This excess cable served to further stabilized the cable effects from test to test.  It also tended to swamp out differences necessary at the different facilities in cable length between the phone and simulator.  The differing geometries of the different facilities require different lengths of cable had to be used between the phone and simulator.  Further, because of routing differences the coupling to and loading on the cable was significantly different from facility to facility.  In the G-TEM the cable could exit the cell either directly or through a filter and then be connected within a few feet to the simulator.  However, in the SAC the cable ran through about fifty feet of metal conduit to reach the simulator.  On the OATS the cable had to run several hundred feet through an underground PVC pipe to reach the simulator.  Therefore it was necessary to filter and pad the cable to counteract these differences in the various facilities.


CORRELATION PROGRESSION
The following progression was followed in developing this test procedure.

1. Baseline, using Cartesian rotation of the

   EUT.

2. Standardization of the cable:


- length between the EUT and exit point.


- length between the exit point and


  simulator/exerciser.


- filtering at the exit point.

3. Changing from a Cartesian to polar rotation

   scheme (also known as the hyper-rotation

   scheme).

The G-TEM software we used requires three orthogonal views of the EUT.  With these it calculates the vector sum and correlates this sum to determine the predicted reading on an OATS.  While this procedure is conceptually simple there are several issues which must be carefully addressed.

The initial runs were made by simply placing the phone in the G-TEM and rotating the phone so that the software would have three orthogonal views of the phone.  These initial results showed a general similarity between the G-TEM and other facilities but there was a great deal of frequency shifting.  Interestingly the maximum peaks were within 2 dB even at this early stage.

One of the first observations we made was that the length of the UTP cable running between the phone and simulator was significantly different between the different facilities.  A thousand‑foot roll of cable at the switch simulator stabilized this difference in cabling.  Additionally two ferrite common mode chokes were placed on the line, .8m from the phone.  In this way a similar radiating source was presented to each of the different test facilities.

The next observation was that while the telephone was being rotated through three axes, its cable, which had to exit the cell, was not.  This led to the decision to use the hyper-rotated position for the phone.  The cable ran at an angle from the phone to the floor of the cell.  This angle is calculated such that when three readings are made of the cable and a vector sum calculated from the readings the result yields the correct reading of the cable's emissions.  The phone, located at the end of the cable and perpendicular to it was rotated using a polar coordinate system.  In this way the phone could be located on a turntable and simple rotated 120o twice to yield three orthogonal views to the G-TEM.  It was in this  configuration that the data reported here was taken.


REVIEW OF DATA
The results of two of the six phones are presented here.  A quick scan of the comparisons shows a generally good agreement between the data taken at each facility. As can be seen the agreement is generally better than 4.5 dB and normally better than 2.5 dB.  It should be noted that the instrumentation at each facility was different.  It would be assumed that if the data were retaken with the same instrumentation at each facility even better agreement could be achieved.


CORRELATION ANALYSIS
In order to quantify the correlation of the data the experimental linear-correlation coefficient1 was calculated for the following data sets:


1. GTEM to GTEM


2. SAC to OATS


3. GTEM 1 to OATS


4. GTEM 2 to OATS.

The correlation coefficient gives a single figure of merit showing the degree of correlation between each of these data sets.  Absolute correlation would be indicated by a correlation of 1.  No correlation would be indicated by a correlation of 0.  The following formula was used for these calculations:



             N(xiyi - (xi(yi          

r = 

[N(xi2 - ((xi)2]1/2[N(yi2 - ((yi)2]1/2
Where:
N
- Number of data points.



xi
- Reading from set 1 @ freq. i.



yi
- Reading from set 2 @ freq. i.

The correlation coefficients for the six phones tested are:

MODEL #1

	PRIVATE 

	UNIT 1
	UNIT 2
	UNIT 3
	TOTAL

	GTEM1 -GTEM2
	.90
	.99
	.94
	.94

	SAC - OATS
	.20
	.57
	.48
	.40

	GTEM1 - OATS
	.71
	.75
	.67
	.70

	GTEM2 - OATS
	.88
	.76
	.63
	.74


MODEL #2

	PRIVATE 

	UNIT 1
	UNIT 2
	UNIT 3
	TOTAL

	GTEM1 -GTEM2
	.86
	.96
	.77
	.81

	SAC - OATS
	.83
	.62
	.45
	.66

	GTEM1 - OATS
	.65
	.49
	.74
	.62

	GTEM2 - OATS
	.83
	.48
	.85
	.67


A review of the raw data and the correlation coefficients shows that the repeatability of test results in the G-TEM is quite good.  For model #1 the G-TEM to OATS correlation is significantly better than the SAC to OATS correlation.  This is enhanced by a low correlation for unit #1 on the OATS to SAC.  However, even neglecting this run the G-TEM still has a better correlation to the OATS.

For Model #2 the comparison is closer.  These runs show the G-TEM and SAC to yield similar correlation to the OATS.

It must be concluded from this data that once the EUT configuration is stabilized the G-TEM will yield results which correlate as well or better than a SAC to an OATS.  Considering the relative newness of this technology and how different the system is from an OATS such agreement is very encouraging for the future of this kind of test facility.


FUTURE DIRECTIONS
G-TEM's are still a new technology.  There is a great deal to be learned about using them properly.  More experience is needed and doubtlessly even more accurate procedures that those developed here will be presented in the future.

There are two areas that suggest themselves.  The first is in to take forward the work presented by D. Weiss8 in 1991 in developing a G-TEM correction factor.  No technology is flawless.  The absorbers used in the G-TEM are known to be imperfect.  Therefore, some residual reflections do exist.  In the cell used in this study there was an area around 115 MHz in which the cell readings were somewhat lower than expected.  This could be corrected by utilizing such a factor.

The second concept which presents itself is to shift the EUT slightly off center in order to bring more of the cable into the center volume.  With an EUT, such as that used here, which radiates largely from its cable getting an accurate view of the cable is paramount.  As the cable gets close to the floor it enters an area where the cell will not read it accurately.  Finding an appropriate offset position for the EUT such that the cable would present its emissions to the cell more nearly to the way it presents them on the OATS could further improve the correlation.


CONCLUSION
These results suggest that it is indeed possible to perform emissions testing in a G-TEM using EUT's with data cables that must exit the cell.  The results obtained correlate well to those obtained on an OATS.  To achieve good agreement however the same configuration must be presented to each facility.  This conclusion is well known when trying to get repeatable results from one OATS to another.  It is not surprising that rigor in EUT configuration must be maintained when going between different types of facilities.

Secondly, it is concluded that when a cable must exit the cell care must be taken so that the vector sum of its emissions does not yield an artificially high result.  It is recommended that the cable be run along the hyper-rotated angle so that the vector sum of three readings yields the proper results.

Using these procedures all the advantages of testing in a G-TEM can be obtained along with good confidence that the results will be correlatable to the OATS.
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