Proposed Amendment Edits to C63.19-2007

Steve Julstrom – October 2, 2007 working group meeting

In overview, the proposed changes:

1) Introduce and define the new generalized method of RF interference potential measurement

2) Introduce and define the new subjective weighting function for both RF emissions measurement and ABM2 measurement

3) Eliminate references to AWF, peak power, probe modulation factor, A-weighting (except as comparison), and Articulation Index (maybe not complete on that yet)

4) Maintain consistent frequency bandwidth of interest at 100 Hz to 10 kHz, subject to further band-limiting subjective weighting

5) Modify clause 7 tables accordingly (including elimination of frequency band difference)

6) Change “signal quality” to “S/N”

Specific changes by page and section:

Page 2:  1.2 Purpose
Change:

4) T-Coil mode, magnetic signal and noise articulation index

To:

4) T-Coil mode, magnetic noise in the audio band

Page 8:  3.1 Definitions
Remove:

3.1.3 articulation weighting factor (AWF): A weighting factor that is used to normalize readings of

interference from differing sources based upon the acoustic spectral content of the interference. As one

example, interference created by a 217 Hz TDMA source degrades hearing intelligibility by approximately

5 dB more than that from a 50 Hz TDMA signal. This is because of the relative impact of the 217 Hz

interference signal on the regions of the audio spectrum that are most important to speech recognition.
Remove:

3.1.9 audio band magnetic (ABM) articulation weighting factor: Audio band magnetic AWF from

ABM1 and ABM2.
Add:

3.1.?  RF Interference Level:  For a modulated RF signal that produces a given level measurement from the weighted output of a square-law detector, the rms level of a CW signal of a similar carrier frequency that, when amplitude-modulated to 80% by a 1 kHz sine wave, produces the same output level from the square-law detector.

Add:

3.1.?  Weighting:  Spectral and temporal functions applied to interference signals to predict the degree of audibility and annoyance to the target user population.

Add:

3.1.?  Fast probe:  An E- or H-field probe having a response to amplitude modulation that is uniform within +/-1 dB from at least 100 Hz to 10 kHz.

3.1.?  Slow probe:  An E- or H-field probe having a response to amplitude modulation that does not meet the requirements for a fast probe.

Page 11:  3.2 Acronyms and abbreviations
Remove:

AI articulation index

AWF articulation weighting factor
Page 13:  4. Wireless device, RF emissions test
Change:

The typical response of human hearing is applied to the detected signal before determining the

final category.21
To:

- A weighting function corresponding to the aided hearing characteristics of the target user population is applied to the detected signal before determining the final category.21
Remove:

The test procedure specified in this revision does not yet address all elements of the preceding conceptual

model.

Remove from footnote 20:

There is general agreement that for hearing aid users the upper boundary of the audio band is no higher than the 20 kHz specified in

the definition of the audio band. A final determination on the lower boundary band and the frequency weighting within the audio

frequency band has not been made. A-weighting has been shown to be a good predictor of human perception for steady-state

interference but is not necessarily valid for interference that has substantial variation over time.
Change footnote 21 from:

The committee is continuing to study a generalized method for characterizing the human perception of interference signals. Human

hearing is characterized by several characteristics of the signal, including its spectral and temporal features. A typical characterization

might be an rms reading of the audio signal over a period of 120 ms ± 30 ms and taking the highest value during any 2 s period to

arrive at a final reading in determining the category. The value of 120 ms is selected because it is consistent with the natural

integration time of the human ear. The 2 s interval is selected to be consistent with the “click” relaxation in ANSI C63.4-2003, CISPR

14, and CISPR 16. Generally, variations in volume that occur less frequently than 2 s do not disrupt word recognition. However, a

final determination of these values has not been made in this revision.
To:

The weighting function, described in Annex D.20, was determined through subjective testing of the aided hearing of members of the target population. [reference(s)]  The function further frequency-shapes and bandlimits the recovered audio signal and applies a temporal function.  The result was shown to correspond closely to the audibility and annoyance factor of expected interference types.  Further research may result in future refinement of the weighting function.

Page 14:  Figure 4.1 Conceptual model of RF interference level
Change last block label from:

RMS reading with integration time

similar to natural integration of

human ear

Weighting impacts of interference

could be added at this point

(currently under study)
To:

Spectral and temporal weighting

to predict audibility and annoyance

4.1 Measured RF interference level

Remove all text in this subsection after the first paragraph and also Table 4.1 Spectrum analyzer settings for measurement of RF interference level.  Then add:

The RF interference level measurement is used to predict, through the hearing aid susceptibility and WD emissions rating summations of section 7.2, the possible worst-case RF interference experienced by a user with a given combination of hearing aid and WD.  The hearing aid RF susceptibility is measured, according to the method of clause 5, with a 1 kHz, 80% modulated RF signal of known unmodulated carrier signal strength.  In order to relate the hearing aid and WD measurements, the WD RF interference level measurement must be correlated with the hearing aid susceptibility measurement.  The RF interference level is defined as:

For a modulated RF signal that produces a given level measurement from the weighted output of a square-law detector, the rms level of a CW signal of a similar carrier frequency that, when amplitude-modulated to 80% by a 1 kHz sine wave, produces the same output level from the square-law detector.

Using this definition, for example, a hearing aid that measured 55 dB-IRIL with a 100 V/m rms RF signal applied (level of the unmodulated carrier before the application of the 1 kHz, 80% modulation) used with a WD having a rated (according to the above definition) RF interference level of 100 V/m could produce, worst case, an IRIL of 55 dB of weighted interference.

It should be noted that determination of the RF interference level does not involve evaluation of any of the conventional measurements of RF field strength, such as average power, burst average power, or peak envelope power.  These quantities have not been shown to be predictive of the subjective interference capability of the signal.

4.1.1 Measurement using a fast response probe

The most straightforward measurement of the RF interference level involves the direct use of a wide bandwidth, fast response probe and a square-law detector:

1) The RF signal shall be delivered to a square law detector with a detection frequency response of at least 100 Hz to 10 kHz, +/-1 dB.

2) The post-detection signal, after the square law detector, contains the recovered audio

interference that would be received by a hearing aid and might be heard by a hearing aid user.

3) The output of the square law detector is modified by the weighting function described in Annex D.20, which produces the measured level.

4) Making sure that the WD is in a continuous transmission mode, apply the scan procedures of 4.4 to identify the position of the maximum reading and record it.  If a non-isotropic probe is used, repeat the scan in each of three orthogonal orientations.  Take the maximum reading of the vector sum of the three readings at each scanned location.
5) 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 level of 1 kHz, 80% modulated signal of a similar carrier frequency that results in same output level at the weighted square law detector output as was recorded in the previous step.

6) Substitute a calibrated measurement probe for the test probe, remove the 1 kHz modulation, and measure the rms level of the unmodulated carrier.

7) This unmodulated carrier level is the RF interference level for the WD.  Use this reading to determine the category rating per 7.2.

Note that this procedure does not require that the actual measurement probe be accurately calibrated; only that it exhibit square law detection characteristics over the range of expected signal strengths.  It is evident, though, that order of the procedure could be altered so as to allow for pre-calibration of the measurement probe in terms of RF interference level.  This can be done by finding the probe’s sensitivity to a 1 kHz, 80% modulated RF signal over a range of frequencies and levels.  The weighting function does not alter the sensitivity to a continuous 1 kHz demodulated signal.

4.1.2 Measurement using a slow response probe
A slow response probe may also be used for the WD RF emissions scanning, but a calibration derived using weighted square law detection will need to be determined for the specific modulation characteristics of the WD under test.  The procedure is:

1) Making sure that the WD is in a continuous transmission mode, apply the scan procedures of 4.4 to identify the position of the maximum reading and record it.  If a non-isotropic probe is used, repeat the scan in each of three orthogonal orientations. Take the maximum reading of the vector sum of the three readings at each scanned location.

2) Without changing the probe connections and using far field illumination of the probe (oriented for maximum sensitivity, if non-isotropic; see Annex C.3) by the same modulated signal that was just measured from the WD, adjust the RF level to produce the same output level from the test probe as was recorded in the previous step.

3) Keeping the RF illumination unchanged from the previous step, substitute a fast probe, as defined in step 1, section 4.1.1, for the slow test probe (oriented for maximum sensitivity, if non-isotropic).  The fast probe should feed a square law detector followed by the subjective weighting function described in Annex D.20  Record the output level.

4) Without changing the fast probe connections and maintaining far field illumination, produce a level of 1 kHz, 80% modulated signal of a similar carrier frequency that results in same output level from the weighted square law detector as was recorded in the previous step.

5) Substitute a calibrated measurement probe for the fast probe, remove the 1 kHz modulation, and measure the rms level of the unmodulated carrier.

6) This unmodulated carrier level is the RF interference level for the WD.  Use this reading to determine the category rating per 7.2.

Note that, as with the procedure of section 4.1.1, the order of the steps may be altered so as to allow for pre-calibration of the measurement probe in terms of RF interference level.  However, a separate calibration will need to be determined for each operating mode of each protocol to be tested.

Page 16:  

Remove section:

4.2.2.1 Probe modulation factor

In consideration of the measurement probes’ responses to the RF power envelope employed by the WD, for

probes and instruments with a response bandwidth of < 20 kHz a probe modulation conversion factor must

be applied to the E-field and H-field probe readings, in order to accurately determine the “RF interference

level.”22 The procedure to determine RF modulation response is provided in C.3.1.
Page 17:  4.3.2.1 Validation procedures using dipoles
Add to 1st paragraph:

These procedures are intended only for validation of proper operation of the WD test setup.  Probe calibration and verification of calibration is performed according to the procedures of section 4.1.

3rd paragraph, change:

Probe measurements are generally recorded as rms and, when required, the results are converted to desired

quantity per C.3.1.
To:

Probe measurement are generally recorded as rms.

6th paragraph, remove:

RF power shall be recorded using both an average reading meter and a peak reading meter per the setup

illustrated in Figure C.1 and Figure C.3. Readings of the probe shall be provided by the calibrated

near-field probe measurement system.
Page 19:  4.3.2.1.2 Test cases
Add after 2nd sentence:

When using a fast probe, real or emulated WD transmission signals should be measured through the probe’s associated square law detector and weighting function.

4.3.2.1.2.1 Measurement of real or emulated signal
2nd paragraph, change:

Measure both the peak and average input power applied to the antenna and record these values.
When using a fast probe, measure the average value of the weighted square law detector output.  When using a slow probe, measure the average value of the output.

4.3.2.1.2.2 Measurement of CW and AM modulated signals
1st paragraph, 2nd sentence, change:

Set its output power so the peak power applied to the antenna is equal to that recorded for the real or emulated signal using the WD modulation format.

To:

Set its output power so that the either the slow probe output or the fast probe weighted square law detector output is roughly equal to that obtained in section 4.3.2.1.2.1.

2nd paragraph, remove:

Measure both the peak and average input power applied to the antenna and record these values. Calculate

the peak to average power ratio (PAR). The PAR for the CW signal should be 0.0 dB from each other and

the target values for the dipole being used. The PAR for the AM signal with 80% modulation depth should

be 5.1 dB from each other and the peak should be that amount above the target values.

3rd paragraph, remove:

The input signal peak power and peak to carrier ratios applied to the antenna should be confirmed. The

values should be measured and recorded, and the ratio calculated.23
Page 20:  footnote 23, remove:

23 The ratio of the peak with 80% AM applied to unmodulated CW is different from the peak to carrier power with 80% AM applied.

The ratio of the peak with 80% AM applied to unmodulated CW is 5.1 dB. However, the ratio of the peak to carrier for an 80% AM

signal is 3.9 dB. Information on ratio characteristics is given in Annex I.
Page 22:  4.4.1.1 Pre-test procedure
Change step 1:

Calibrate E-field and H-field probes for proper reading of the modulation used by the intended WD (see Annex C).

To:

Pre- or post-calibrate the E-field and H-field probes for proper reading of the modulation used by the intended WD according to section 4.1.1 (fast probes) or 4.1.2 (slow probes).

Page 23:  Figure 4.2 WD near-field emissions pre-test flowchart and Figures 4.3, 4.6
Check section references of Figure 4.2 and Figure 4.3.

Page 26:  4.4.1.2.1 Manual scanning method
Change step 8:

Convert the highest field reading taken in Step 6) to V/m or A/m, as appropriate. For probes that

require the use of a probe modulation factor, this conversion shall be done using the appropriate

probe modulation factor described in 4.2.2.1 and the calibration specified in C.3.1.

To:

Convert the highest readings taken in Step 7) to equivalent V/m or A/m, as appropriate, according to the calibration procedures of section 4.1.

Page 27:  4.4.1.2.2 Automated scanning method
Change step 9:

Convert the maximum field strength reading identified in Step 8) to V/m or A/m, as appropriate.

For probes which require a probe modulation factor, this conversion shall be done using the

appropriate probe modulation factor described in 4.2.2.1 and the calibration specified in C.3.1.

To:

Convert the highest readings taken in Step 8) to equivalent V/m or A/m, as appropriate, according to the calibration procedures of section 4.1.

Page 41:  6. Wireless device T-coil signal test
3rd sentence, change:

signal quality

To:

signal to noise ratio (S/N)

6.1.1.1 Foundational test equipment
Change item 3):

A weighting bandpass filter
To:

Weighting function (Annex D.20)

Page 43:  Figures 6.1, 6.2 – H-field measurement test setup
In both Figures 6.1, 6.2, change block label:

integrator

To:

Full-band or half-band integrator

In both Figures 6.1, 6.2, change block label:

Bandpass filter

To:

Bandpass filter or weighting function

Page 44:  6.3 Test procedure for T-coil signal
2nd sentence, change:

A-weighted magnitude
To:

subjectively weighted level

Page 46:  Figure 6.3 T-coil signal test flowchart
3rd box, change:

calculate signal quality

To: 

calculate S/N

Page 47:

Step 7), change:

using A-weighting

To:

using the weighting function (Annex D.20)

step 9), change:

signal quality

To:

signal to noise ratio

Page 48:  6.3.3 Measurement of source magnitude
Change:

C.5

To:

D.17

Add to the final sentence:

in addition to the subjective weighting of Annex D.20.

Page 49:  6.3.4.3 Undesired ABM signal measurement
2nd paragraph, change:

Measure the T-Coil signal at each measurement position specified in A.3. The measurement shall be made

using an A-weighted filter, applied to the half-band integrated probe coil signal (T-Coil response), as

described in D.17.2. The result is the 1 kHz equivalent value of the A-weighted T-Coil response magnetic

noise. All results should be reported in decibels (A/m). Magnetic field intensity data shall be corrected if

any frequency weighting of the input test signal is used.

To:

Measure the T-Coil signal at each measurement position specified in A.3. The measurement shall be made using the weighting function (Annex D.20), applied to the half-band integrated probe coil signal (T-Coil response; Annex D.17.2). The result is the 1 kHz equivalent value of the weighted T-Coil response magnetic noise. All results should be reported in decibels (A/m).

Page 50:  6.3.5 Calculation of signal quality
Three places, change:

signal quality

To:

S/N

6.3.6 Magnetic H-field frequency response measurement
2nd sentence, change:

The result is reported in decibels relative to one ampere per meter [dB (A/m)].

To:

The result is reported in decibels relative to the value at 1 kHz.

Page 51:  6.4.1 Test procedure for broadband test
Step 10), change:

signal quality

To:

S/N

6.4.4 Calculation of signal quality
change title to:

Calculation of signal to noise ratio

Page 52:  7. Performance
Add a 3rd paragraph:

It is recognized that the measurements of the hearing aids and the wireless devices are made in a manner to simulate worst-case coupling conditions.  In practice, some users may experience improved performance over that predicted by the conservative rating procedure.

7.1 Articulation weighting factor (AWF)
Remove this section and table

Remove footnote 51:

51 The AWF to be used in Table 7-1 was determined by consensus of the committee using information presented to the committee (see

[B46] and other studies) regarding the interference potential of the various modulation types. New modulations should be submitted to

the ANSI ASC C63™ to determine its AWF, until such time as a standard method for determining the AWF of new waveforms is

developed.
7.2 Audio coupling mode
Change:

Research studies show that an audio signal-to-interference ratio of 20 dB provides a signal quality that is

acceptable for normal operation. An improvement of the signal-to-interference ratio of 10 dB, to 30 dB,

improves performance to the level where there is little perception of interference. At a signal-tointerference

ratio of 30 dB, 90% of hearing aid users find the WD highly usable.52 Alternately, a reduction

of the signal-to-interference ratio of 10 dB, to 10 dB, degrades the performance to that which would

generally be judged to be useable but not acceptable for regular use.

To:

Research studies show that an audio signal-to-weighted interference ratio of 20 dB provides a signal quality that is acceptable for normal operation for about one-half of the subject population51. An improvement of the signal-to-interference ratio of 10 dB, to 30 dB, improves performance to the level where there is little perception of interference for most users52.  Alternately, a reduction of the signal-to-interference ratio of 10 dB, to 10 dB, degrades the performance to that which would generally be judged to be no better than useable but not acceptable for regular use.

Add new footnote 51:

Reference Julstrom, Kozma-Spytek, Isabelle [?]

Change footnote 52:

52 The figure of 90% is based upon data reported by Levitt et al. [B41].
To:

52At a 30 dB unweighted S/N, 90% of hearing aid users find the WD highly usable, according to data reported by Levitt et al. [B41]

Page 53:  footnote 53

Change:

Secondly, the values given are for an equivalent CW signal. Thus for hearing aid immunity testing a CW signal is used to

establish a field at the specified RF power level. Then the signal is modulated with 1 kHz, 80% AM for the test. Thus the peak

field strength for the test is higher than the CW level by the increase created by the modulation. In a reciprocal fashion, the field

strength of the emissions from the WD are measured. These are then adjusted by the computed AWF, which reflects the

interference potential of the modulation method used. The adjusted value is compared to the value given in Table 7-2 through

Table 7-5.
To:

Secondly, the values given are for an equivalent CW signal. Thus, for hearing aid immunity testing, a CW signal is used to establish a field at the specified RF power level. Then the signal is modulated with 1 kHz, 80% AM for the test. In a reciprocal fashion, the square law detected, weighted emission from the WD is measured. The interference potential of that emission, determined by its strength and its modulation method, is correlated by the procedure of section 4.1 to a CW signal level that, when modulated with 1 kHz, 80% AM, would give the same level of weighted, detected audio. The levels of the equivalent CW signals for the hearing aid susceptibility test and the WD emissions test are compared to the values given in Table 7-2 through Table 7-5.

Consider removing footnote 54:

54 A recent study showed that most contemporary hearing aids have more immunity in bands below 960 MHz than above, and this led

to a review of current hearing aid standards. When combined with the difference in device power this band-dependent characteristic is

reflected as band-dependent limits in international standard IEC 60118-13-2004 for hearing instrument immunity. Consideration of

these findings led to a revision in Table 7-4 and Table 7-5.
Page 54:  Table 7.4, 7.5 – Telephone near-field categories in linear and logarithmic units
Remove AWF columns and rows associated with AWF = -5.

Remove the “<960 MHz” tables and the “>960 MHz” limitation on the remaining tables.

Change and move:

To determine the compatibility of a WD and a particular hearing aid simply add the numerical part of the

hearing aid category (e.g., M2/T2 = 2) with the numerical part of the WD emission rating (e.g., M3 = 3) to

arrive at the system classification for this particular combination of WD and hearing aid. A sum of 4 would

indicate that the combination of WD and hearing aid is usable; a sum of 5 would indicate that the WD and

hearing aid would provide normal use; and a sum of 6 or greater would indicate that the WD and hearing

aid would provide excellent performance. A category sum of less than 4 would likely result in a

performance that is judged unacceptable by the hearing aid user. The system classification for a

combination of hearing aid and WD is based upon a study of hearing aid users and includes objective

measures of speech intelligibility and subjective judgments of announce and other factors. The equipment

performance measurements, categories, and system classifications are based upon the best information

available but cannot guarantee that all users will be satisfied.

Move from before Table 7.5 to after table 7.5 and change to:

The predicted worst-case IRIL of a particular hearing aid-WD pairing can be calculated from the measured hearing aid susceptibility and WD emissions.  For example, if the measurements for each were the same (e.g., both at 100 V/m), then the predicted worst-case IRIL would be 55 dB-SPL.  Comparing to the assumed acoustic speech level of 80 dB-SPL yields a S/N of 25 dB.  A change of 1 dB in either of these levels would result in a change of 2 dB in the predicted IRIL and resultant S/N, due to the square law detection mechanism responsible for the interference susceptibility.

Calculation of the tradeoff between hearing aid susceptibility and WD emissions is simplified through the process of adding the numerical part of the hearing aid category (e.g., M2/T2 = 2) with the numerical part of the WD emission rating (e.g., M3 = 3) to arrive at the system classification for a particular pairing.  For a hearing aid rated M2 paired with a WD rated M3, for example, the resultant predicted worst-case S/N ranges over 18 to 28 dB.  According to [J, K-S, I study], approximately 30% to 75% of users would consider S/N ratios in this range to be acceptable for normal use.

These considerations lead to system performance classification table 7.6.

Page 55:  Table 7.6 – System performance classification table
Change 2nd column:

Articulation Index (AI)

Usable



0.3

Normal Use


0.5

Excellent Performance
0.7

To:

Worst-Case Weighted S/N re 80 dB-SPL signal

Usable



8 – 18 dB

Normal Use


18 – 28 dB

Excellent Performance
>28 dB

7.3 T-Coil coupling mode
Change:

signal quality

To:

S/N

Page 57:  7.3.4 Signal quality
Change in section title, two places in text, and in table 7.7 title and column label:

signal quality

To:

S/N

Page 69:  C.3 Calibration of RF E-field and H-field probes
Change:

The purpose of the calibration for probe modulation response factor is to align the probe readings with the

quantity of the RF signal most closely correlated with the intensity of interference to hearing aids.

To:

The purpose of the probe calibration procedure described in section 4.1 is to align the probe readings with the quantity of the RF signal most closely correlated with the intensity of interference to hearing aids.

Page 70:  C.3.1 RF field probe modulation response
Remove entire section

Page 99:  Annex D
Add new section:

D.20 Interference weighting function

It has been found [J, K-S, I study] that user annoyance by or acceptance of interference in the presence of desired speech is largely dependent on its audibility.  Given levels of RF energy modulated by different protocols produce, when detected, different levels and different temporal and spectral distributions of recovered audio signal.  These result in varying levels of audibility and annoyance to the user.  It has not been found that direct measurement of conventional aspects of the modulated RF signal such as average power, burst average power, or peak envelope power make good predictors of interference audibility.  Directly measuring the average level of the recovered audio is a more straightforward and justifiable approach.  A-weighting of this audio signal can be taken as a good first step towards audibility prediction, but still does not provide completely consistent results across various noise types.

This section defines a weighting function that does provide consistent predictability of interference audibility and acceptability over the range of expected noise types for the target population of hearing users [ref PowerPoint presentation for now; article later].  It is derived from A-weighting, but has a modified spectral weighting characteristic and added temporal weighting.  For the measurement of RF interference level, the weighting is applied to the output of a square law detector fed by a fast response RF probe.  For the measurement of the undesired audio band magnetic signal, ABM2, the weighting is applied to the half-band integrated probe coil output (Annex D.17).  In either case, the weighting function does not affect the probe calibration, since the gain of the weighting function for a 1 kHz signal is 0 dB (relative to the rms value of the signal).  The weighting function may be implemented in hardware or in software simulation.

In the signal flowchart of figure D.16, the spectral weighting is applied first to the signal.  The level is then measured by a form of quasi-peak detection.  The rms level is found with a fairly rapid filtering time constant of 4 msec, sufficiently fast to partially follow the envelope of lower repetition rate impulsive modulations.  The peaks of these rms levels are then held by the peak detector.  The effective attack and decay time constants of the quasi-peak detector function are similar to those defined in CISPR quasi-peak detection.  Here, though, they are applied to the rms level of a spectrally weighted and, in the case of RF interference level measurement, square law detected signal.  For the measurement of the modulation protocols envisioned here, the 550 msec peak detector decay time constant is not critical, as it is much longer than any anticipated pulse repetition rates.  The output of the weighting function should not generally be found to exhibit short-term fluctuations that would interfere with obtaining consistent level measurements.  Additional smoothing may be added to the output if needed to obtain consistent readings.
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Figure D.16 – Spectral and temporal subjective weighting function signal flowchart

The spectral weighting portion of the weighting function is defined by the equation (D.3), which is plotted in comparison to A-weighting in figure D.17.  The third-octave values in decibels from 100 to 10 kHz are tabulated in table D.11.  In common with A-weighting, it has hi-pass poles at 20.6 Hz (2x) and 107.7 Hz (1x) and low-pass poles at 12.2 kHz (2x).  The 737.9 Hz hi-pass pole of A-weighting is moved down one octave to 369 Hz, while a new low-pass pole pair at 3 kHz is added.  These latter poles form a 2nd order rolloff with a damping factor of 0.707 (2nd order Butterworth filter characteristic).  The spectral weighting frequency response should be maintained within 1 dB of the target response over at least the frequency range from 100 Hz to 10 kHz.  
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Figure D.17 – Spectral weighting response

	Frequency (Hz)
	100
	125
	160
	200
	250
	315
	400
	500
	630
	800
	1000

	Spectral Weighting (dB)
	-14.63
	-11.80
	-9.06
	-6.92
	-5.10
	-3.56
	-2.29
	-1.40
	-0.73
	-0.26
	0


	Frequency (Hz)
	1000
	1250
	1600
	2000
	2500
	3150
	4000
	5000
	6300
	8000
	10000

	Spectral Weighting (dB)
	0
	0.10
	-0.01
	-0.45
	-1.45
	-3.36
	-6.40
	-10.06
	-14.46
	-19.52
	-24.70


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

The defined spectral and temporal weighting functions have been found to provide consistent predictability of interference audibility and annoyance for the subject population across a range of noise types.  In addition to enabling this consistency, the deviations from A-weighting introduced for the defined weighting function have plausible justification:

1) Slightly enhanced lower frequency sensitivity:  The interference is typically heard at a somewhat higher level than was the assumed listening level that served as the basis for A-weighting.  The ear’s relative sensitivity to lower frequency sounds increases as the level is raised.
2) Significantly reduced high frequency sensitivity:  The subject population most likely exhibits significant uncorrected and uncorrectable high frequency hearing loss, especially at the noise levels under consideration in the presence of speech.

2) Quasi-Peak Detection:  The audibility of lower repetition rate modulation impulses is not adequately represented solely by their longer-term average energy.
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