Predictive Modeling Summary

Stephen Julstrom, for ANSI C63.19 Working Group, May 23, 2008

ANSI C63.19-2007 rates the audio interference-causing potential of a wireless device (WD) on the basis of its measured peak RF signal strength within a detected 20 kHz bandwidth.  A direct measurement of this requires a fast response measurement probe, but, in practice, a slow-responding probe is often used.  A protocol-specific probe modulation factor is applied to the measured average value to determine the peak value.
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To more closely relate the peak value measurement both to the resultant perceived audio interference and to the sine wave modulation-based hearing device immunity measurement, a modulation-specific “articulation weighting factor” (AWF) is added.  While this factor has been subjectively determined on an ad hoc basis in the past, it is important looking forward to develop an objective methodology for determination of interference potential that can be applied both in measurement and in a proactive, predictive sense.  Such a method needs to incorporate square-law detection of the RF signal over the full audio frequency range to simulate the detection mechanism found in hearing devices and a subjective weighting function to relate the detected audio to its audibility and annoyance level for the subject population.
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[1] describes the proposed Generalized Interference Level Method, which is very simply summarized in the above diagram.  The direct application of the method involves scanning the WD with a fast square-law detector probe, subjectively weighting the detector’s output, and recording the resultant level measurement.  The subjective weighting function could, as a first step, be taken as standard A-weighting.  As a desirable refinement, a weighting has been developed that more accurately addresses a broad range of signal types and better takes into account the aided hearing characteristics of the subject population [2].

As in the present measurement of peak power, slow probes may be used for the Generalized Method through the application of an appropriate protocol-specific probe modulation factor.  Such factors may be determined by transfer calibration using real signals, a square-law detector, and the subjective weighting applied by hardware or software.  Equivalently, they may be determined through mathematical modeling, assuming the availability of accurate modulation envelope models.  The possible subjective weighting functions (A-weighting or the new weighting) are both clearly mathematically defined.

Validation

An initial step was taken several years ago that successfully compared both unweighted and A-weighted square-law detection measurements of sine wave modulation and GSM modulation to modeled predictions [3].  While the theoretical basis of Generalized Interference Level Method is clear and straightforward, it is hoped that some degree of additional experimental verification of this sort could be performed prior to formal adoption.  The new subjective weighting function was developed using subjective interference acceptability data compiled for 57 test subjects using eight varied noise types [4].  Application of the new weighting to the previously obtained data showed very significant improvement in the rating consistency among noise types in comparison to A-weighting.  It is hoped that the weighting could be applied to the data of other ongoing studies to provide further validation, although their narrower range of noise types may limit this ability.

It should be noted that for the most accurate prediction of paired WD-hearing device RF coupling based on individual measurements of emissions and immunity, some additional insight into the differing field modification effects of close proximity coupling, both in combined WD-hearing device use and in the individual device testing would be helpful.  Future studies should provide more insight into these matters, but any such results will not be available in the near term (this year).  In the meantime, the Generalized Interference Level Method, either through actual measurement or by modeling, can compare the interference potentials of new modulation types to those of established types with known field experience to yield a rational basis for measurement ratings.

Modeling

Given an accurate model of a protocol’s modulation envelope, its associated Interference Level relative to, say, its average power level may be readily determined.  Signal processing oriented programs such as Matlab be used, as can block diagram simulation programs.  Shown below is a simulation in VisSim employing the new weighting function.  The starting point is a 2 sec. wav file of an audio frequency modulation envelope.  The end result is a relative Interference Level reading that may be compared to an average, burst, or peak signal level.  These relationships can then be compared among modulation types.
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