
Comments on Draft version 1.9

SDJ – Feb. 23, 2009

3.1.22  modulation interference factor (MIF):

This needs to read:

The ratio of the RF audio interference level produced by a modulated signal to its steady state rms field strength, in dB.

4.2 Evaluation of interference potential

We need to remove everything after the first paragraph.  That’s all taken care of in Annex C.4 and we don’t want to confuse things by specifying a sort of similar procedure here.

4.3 Product testing threshold

We can’t refer to being specifically 5 dB below M4 here, because M4 is based on field strength and we’re talking power.  In our own justifications for a power threshold, we can try to make those correlations, which I’ve already tried a bit, but they’re not directly tied together.  I think we need to aim for a specific average power level, modified my an MIF, something like my general suggestion from the document 090211 - TG1,TG2 - Further suggestions, comments_SDJ.doc:

Some low power devices may be presumed to exhibit sufficiently low RF interference potential that product testing may not be required.  For a modulation characteristic having an MIF of 0 dB, devices having up to [+10?] dBm of average antenna input power will be very unlikely to measure an RF Interference Level that is not at least 5 dB below the category M4 level specified in Table 7.2.  Thus, a product whose average antenna input power (in dBm) + its MIF ≤ [+10?] dBm does not require individual product testing for RF emissions and may be rated as category M4
5. Wireless device, RF emissions test

1st and 2nd bullet points:  They’re sort of redundant.

4th bullet point:  We should be clear that it’s not just “human hearing”, but that the weighting is designed to be proportional to the subjective interference level as heard by hearing aid users through their hearing aids.  Also, the wording tying the measurement to a “1 kHz, 80% AM field strength” isn’t clear.

I think the four bullet points as presented in 090115 section 5 Annex C new proposed edits_SDJ,TJK.doc are clearer here:

- The RF signal from the fast probe is delivered to a square law detector with a detection frequency response of at least 50 Hz to 10 kHz, +/-1 dB.

- The post-detection signal, after the square law detector, contains the recovered audio interference that could be detected by a hearing aid and might be heard by a hearing aid user.

- The output of the square law detector is modified by the weighting function described in Annex ?, which produces a measured DC level proportional to the RF Audio Interference Level.

- The RF Audio Interference Level is the carrier level of an 80%, 1kHz sine wave modulated signal that would produce the same measured level of interference.
5.3.2.1.2 Test cases
This whole section assumes fast probe, with discussions of peak and average power.  If you don’t have a fast probe, how do you validate?

5.4.1.2 Test procedure – direct measurement
Combining the direct fast probe measurement procedure with the scanning procedure is not the approach I would prefer, but it can work (although I think it’s more awkward).  I think it needs some tweaking, though.

With the above four steps separated in the draft from the direct fast probe measurement procedure, we need to be clear what the direct measurement system is.  We need to define it in the first step or before, especially since it is not the same as the slow probe system.  Something like:

The measurements system follows the description of section 5 and consists of a fast probe as described in Annex_, a square law detector as described in Annex _, and spectral and temporal weighting functions as described in Annex_.  The measured quantity is the average output of the temporal weighting function.

Step 9 doesn’t say how to, “Convert the maximum field strength reading identified in Step 8) to RF audio interference level by converting the reading to the field strength, in V/m, of a CW signal that when modulated by 1 kHz 80% AM would produce the same reading.”  I think we need to be more specific, like steps 3 and 4 suggested in our 090115 document:

3) Without changing the probe connections and using far field illumination of the probe (oriented for maximum sensitivity, if non-isotropic; see Annex C.3), produce a 1 kHz, 80% amplitude-modulated signal of a similar carrier frequency that results in the same output level at the weighted square law detector output as was recorded in the previous step.

4) Without changing the applied signal from step 3, substitute a calibrated measurement probe for the test probe, remove the 1 kHz modulation, and measure the rms field-strength level of the unmodulated carrier in dB(V/m).  This is the RF Audio Interference Level for the WD.  Use this reading to determine the category rating per 7.2.

Further, I think the suggested comments about pre-calibrating the measurement system so that these steps don’t always have to be done are worth having. 
5.4.1.3 Test procedure – slow response probe measurement

I don’t think this description is clear about the procedure.  It doesn’t state the differences in the measurement equipment or how to apply the MIF.  Bringing in converting to “the field strength, in V/m, of a CW signal that when modulated by 1 kHz 80% AM would produce the same reading” confuses things, because we don’t do that directly here.  That’s what the MIF does for us.  How about:

The measurement procedure using a slow response probe is identical to the direct measurement method, but does not involve the direct use of the spectral and temporal weighting functions.  The output of the measurement system is the maximum steady state rms field strength reading in dB(V/m) within the non-excluded subgrids.  The RF audio interference level in dB(V/m) is obtained by adding the Modulation Interference Factor (in dB) for the specific modulation characteristic, determined according to the procedure of Annex C.4.  Use this reading to determine the category rating per 7.2
Annex B.1 Acoustic Test Frequencies

Should the 1/3 octave table go to 10 kHz instead of just 5 kHz?
Annex C.4 Modulation Interference Factor (MIF)

In retrospect, since we have defined a fast probe as having a 50 Hz – 10 kHz response elsewhere, I think we need to add in step 1 between the two sentences:

The square law detector must exhibit a uniform response to modulations from DC to 10 kHz, +/-1 dB.
Specifications added to Annex D for spectral weighting:
The changes from the latest version 081216 - TG3 - Proposed Equipment Specifications_SDJ.doc didn’t make it into the draft.  These are shown in the copied D.X section following.

I notice that the sections are split up in the annexes, as Tom noted.  It seems like it would make sense to keep these things together, maybe grouped in a single annex subsection.  The voltmeter spec seems out of place at D.18.  Also, it shouldn’t be labeled true rms anymore.  In fact, it’s now a DC voltmeter, so it doesn’t want any of the AC specs, either.  As it is here below is fine for the RAIL measurement.  Or if the weighting, etc. is done in software, then there isn’t even a voltmeter used.  The ABM1 response measurement still uses an AC voltmeter.
What I’m calling Weighting Accuracy Validation below is included in a previous version at C.6 of the draft, but labeled Verification of RF Test System.  (Also, “sine” is misspelled there.)  I think we should be able to verify the weighting function independently of the RF probe/detector with straight input pulses, not just with an RF input, especially if we also use it for ABM2 measurement.

D.X Spectral weighting filter


The spectral weighting filter shall conform to the following response curve, which is normalized to 1 kHz. The tolerance relative to 1 kHz shall be within ±1.0 dB at the third octave frequencies of 125 Hz through 5 kHz, within ±2.0 dB at the third octave frequencies from 50 Hz to 100 Hz and 6.3 to 8 kHz, +2, -3 dB at 10 kHz, and <-28 dB at the third octave frequencies below 50 Hz and above 10 kHz.  The nominal filter curve is indicated for frequencies outside the 50 Hz to 10 kHz range, but no minimum is specified.  The response at the frequency extremes may roll off more rapidly than indicated by the nominal curve.
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The spectral response function defines high-pass poles at 20.6 Hz (two), 107.7 Hz, and 369 Hz, and low-pass poles at 12.2 kHz (two) and a double-pole low pass (Butterworth response, damping factor of 0.707) at 3 kHz, all normalized to unity gain at 1 kHz.
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Figure D.17 – Spectral weighting response with tolerance bands

	Frequency

(Hz)
	Spectral Weighting

(dB relative to 1 kHz)
	Sine Wave Response, Including Temporal Weighting 

	20.0
	-45.7
	-43.4

	25.0
	-40.1
	-38.1

	31.5
	-34.8
	-33.0

	40.0
	-29.8
	-28.3

	50.0
	-25.6
	-24.3

	63.0
	-21.6
	-20.5

	80.0
	-17.8
	-17.0

	100
	-14.6
	-14.0

	125
	-11.8
	-11.3

	160
	-9.1
	-8.6

	200
	-6.9
	-6.6

	250
	-5.1
	-4.9

	315
	-3.6
	-3.4

	400
	-2.3
	-2.2

	500
	-1.4
	-1.3

	630
	-0.7
	-0.7

	800
	-0.3
	-0.3

	1000
	0.0
	0.0

	1250
	0.1
	

	1600
	0.0
	

	2000
	-0.5
	

	2500
	-1.5
	

	3150
	-3.4
	

	4000
	-6.4
	

	5000
	-10.1
	

	6300
	-14.5
	

	8000
	-19.5
	

	10,000
	-24.7
	

	12,500
	-30.3
	

	16,000
	-37.1
	

	20,000
	-43.6
	

	
	
	


Table D.11 – Spectral weighting response at third-octave frequencies

I. Temporal weighting filter
The spectral weighting is followed by temporal weighting, consisting of rapid rms level detection followed by peak detection having a much longer decay time constant.  Described sequentially, the temporal weighting consists  of:

a. Squaring of the instantaneous signal amplitude

b. Filtering of the squared signal by a first order low-pass filter having a time constant of 4 msec ±5%

c. Square-rooting of the low-pass filter output

d. Instantaneous peak detection of the square-root output with a 550 msec ±10% decay time constant.

II. Voltmeter
The voltmeter used to measure the voltage after the temporal weighting filter shall measure the average DC level of the output.  This output may be further low-pass filtered in order to achieve a more steady reading for demodulated signals having an impulsive character with low repetition rates.

III. Weighting Accuracy Validation

The accuracy of the weighting function should be confirmed using appropriate test signals.  The spectral weighting accuracy should be confirmed according Table D.11 by inputting sine waves at the specified third-octave frequencies and measuring at the output of the spectral weighting block.  Alternatively, the DC output level of the complete weighting may be monitored and compared to the rms sine wave level input over the frequency range.   The temporal weighting will slightly increase the relative level readings at the lower frequencies, as shown in right-hand column of the table.

The accuracy of the temporal weighting should be confirmed using the following rectangular pulse test signals, input directly to the spectral/temporal weighting function.  Applied pulse rise and fall times should be no greater than 50 μsec, pulse repetition rate should be within 1% of the specified value, and pulse duration within 1% of the specified value (measured between the 50% points on the leading and trailing edges).  Weighting Gain is specified relative to the amplitude of the pulse.  (The input signal is assumed to vary from a level of 0 to the amplitude of the pulse.)  The stated accuracies shall be maintained over the useful operating dynamic range.



SIGNAL INPUT




    WEIGHTING GAIN
0.5 msec pulse, 1000 Hz repetition rate




0.471 ±3%

1 msec pulse, 100 Hz repetition rate




0.287 ±5%

0.1 msec pulse, 100 Hz repetition rate




0.121 ±10%

10 msec pulse, 10 Hz repetition rate




0.172 ±10%
D.X Example of a system Meeting these specifications:

1. RF Probe meeting the requirements of Section D.10 or D.11, as appropriate.

2. Amplifier to boost RF signal
Minicircuits ZX60-253-4M-S

3. Square Law Detector
Pasternack PE8013

4. Weighting and measurement may be either performed using a DAQ and software or a hardware implementation

A. DAQ/Software Implementation

a. DAQ
National Instruments USB-6009

b. Software to apply spectral, temporal weighting and take reading

B. Hardware Implementation

a. Analog circuit implementing the spectral & temporal weighting

b. Voltmeter
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