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ABSTRACT

The high noise levels being experienced isome
military fast jetaircraft andhelicopters generally result
in a reduction in the intelligibility of speech
communications.

A study has been conducted to assed® effect of
reducing noisdevels atthe ear, by thaise ofcurrent
Active Noise Reduction (ANR) systems, on speech
intelligibility in aircraft noise environments. The results
of this studyindicate thatANR would improve speech
intelligibility in both types ofaircraft. Theassessment
has been conductedusing DiagnosticRhyme Test
(DRT) and Articulation Index (Al) techniques. The
studyhasalso allowedhe correlatiorbetween DRT and
Al test results to be investigated.

A more detailed account of theork reported inthis
paper is provided at [1].

1. INTRODUCTION

The high noise levels being experienced ispme
military aircraft generally result in a reduction in the
intelligibility of speech communications. In addition,
these noise levels present a hearing damagendican
also affect auditorymonitoring tasks such as the
detection of audio warnings presented to aircrew.

The most practicableand cost effective method of
reducing noisdevels at aircrew’sars is to incorporate
hearing protector earshells inside the flight helmet.
However, atechnological limit is being reached in the
passive attenuation performancettos type of earshell

[2], andtherefore active systems have been developed to
reduce noise levels at the ear further. One such system is
Active Noise Reduction (ANR), a techniguéich was
proposed as early as 1953 [3]he principle of ANR
and its practical implementation in flighbelmet
earshells is described in detail at [4]. Figurshbws a
block diagram of thesystem. Noise athe ear is
monitored using a miniature microphone, the signal is
then inverted and fed back in anti-phase to the
telephone (tel) transducer in the earshellptoduce
destructive interferencand hence noise cancellation
within the earshell. TheDefence Evaluation and
Research Agency (DERA) hawriniaturised the ANR
electronics to fit into astandard flight helmet earshell,
with 28V DC power being the only additional
connection required. The most recent analogue system is
DERA Mk2 ANR and anassessment of the attenuation
performance of thisystem is given ai5]. The system
provides active attenuation at frequencies uplkbiz

and thus compensates foithe poor low frequency
passive attenuation of standard flight helmet earshells.

This paperdescribes work to assesise effect of the
DERA Mk2 ANR on speechntelligibility in fast jet
aircraft and helicopter noise environments.
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Figure 1 - ANR Block Diagram



2. ASSESSMENT METHODS Al predicts speech intelligibility byaking thefollowing
factors into account:-
Intelligibility hasbeen defined as “. . .the percentage » The frequency spectrum of the interfering noise;
number of ideas correctly transmitted over a circuit” [6]. + The speech spectrum at the listener’s ears;
» The relative importance of eadtrequencyband to
The methods available to measure intelligibility can be the intelligibility of the speech.
classified as either “subjective” or “objective”.
Subjective testsare those in which theability of a The speech-to-noise ratios in each thfe frequency
listener to understandspeech transmitted over a bandsthat are important tepeechare calculatedThese
communications system is testedbjective tests are each multiplied by a weighting factor based upon the
howeverattempt to predict intelligibility by measuring  importance of that band to theoverall speech
physical parameters of the actual communications intelligibility, and summed to givethe Articulation

system (frequency, amplitude, distortion, etc.). Index, which is a number between 0 and 1.

Descriptions of aange ofsubjectiveand objective tests

are provided at [1]. 3. TESTS

In this study, one subjective te@he DiagnostiRhyme As previously stated, tests were conducted to asses the

Test, DRT) and one objective test (the Articulation benefits of ANR to speedhtelligibility in two aircraft

Index, Al) have been used to asstssbenefits of the noise environments, a fast jand ahelicopter. The

ANR system to speech intelligibility. mean “noise-at-ear” spectra (the noise reaching the
listener's ear under the helmet earshéil) these two

2.1 Diagnostic Rhyme Test conditions areshown in Figures and 3,where “Std”

denoteghe noise-at-ear with the standard flight helmet
The DiagnostiRhyme Test (DRT]7] is widely used to earshell andANR” denotesthe corresponding spectra
assess the intelligibilty —of military voice with the ANR earshells. Table Ishows the overall
communications [8fand hasbeen used extensively at  noise-at-ear levels for each conditidihe figureshave
the DRA for assessingthe performance of aircraft  been A-weighted sthat they relate tothe subjective
communications systemdhe DRT is based on the  impression of “loudness”. A reduction of 13.6dB(A) was
ability of a listener to distinguish between pairsvofds achieved in helicopter noise, but only 4.6dB(A) in fast
which differ only in one acoustic attribute tbeir initial jet noise. This is because helicopter noise is
consonant. There are 192 words arranged in 96 rhyming predominantlylow-frequency innature, wheréANR is
pairs in theDRT vocabulary. For example, "veal" and  more effective (Section 1).
"feel" are a rhyming pair which diffédrecausehe initial
consonant isvoiced in "veal", but unvoiced in "feel".
The six attributes tested are voicing, nasality,
sustention, sibilation, graveness and compactness.
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The result of a DRT test is expressed as a percentage of
correct responses, adjusted for guessing. This means that a
listener who gets half of the words correct will score 0% as
this result could have been achieved by guessing.
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The validity of DRT results is highly dependent on the
listening panel used. The panel must be audiologically
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screened to check their hearing. The listening panel must| “ 6 15 250 s00 1k 2k ak s«
also be "trained" by completing a series of DRT training 1/3 Octave Centre Frequency (Hz)

runs before the full tests are conducted. These are designec

to identify the listeners who are not suited to the long Figure 2 - Fast Jet Noise-at-Ear

periods of concentration necessary for the tests. They also
allow checks to be made on the consistency and

repeatability of the performance of individual listeners - an Std ANR
essential feature of the DRT. Fast Jet 88.9 84.3
Helicopter 84.6 71.0

2.2 Aticulation Index Table 1 - A-weighted Noise-At-Ear, dB(A) SPL
The Articulation Index (Alwas originally proposed by

French andSteinberg [9]and anANSI Standard has

also been published to describe the method [10].
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Figure 3 - Helicopter Noise-at-Ear

In all the intelligibility tests, thespeechmaterial used
was recordedusing the standard communications
microphone forthe aircraft testedand at arelatively
poor speech-to-noise ratio (SNR) of 10dB.

Five talkers and twelve listeners participated in the tests.
4. RESULTS

The mean resultacrossall talkers andlisteners are
presented in Figuresahd 5.Figure 4 showshat ANR
increases DRT scores by over 5% in both fast jet and
helicopter noise environmentand statistical analysis
showsthat thisimprovement is statistically significant
[1]. The DRT scores achieved (bothith and without
ANR) are lower in fast jet noise than in helicopter noise.
This isdue to differences ithe overall noiséevels and

in the spectratomposition ofthe noisefor each aircraft
type (Table 1 and Figures 2 and 3).

The Al results (Figure Spllow the same general trends
as theDRT scores, with increasestores wheANR is
used. However, the increases in Alscoresare not
statistically significant [1].
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Figure 5 - Al Results

5. CORRELATION OF DRT AND Al RESULTS

Thirteen different conditionsvere tested apart of the
trial, but for brevity onlythe resultdor two noise fields
have been describegind reported in this paper. The
complete results are provided at [1].

Figure 6 showshe relationshipbetweenthe Al and
DRT scores measured itne thirteen conditions (the
data pointdor the 13 conditions are each marked by an
X). A regression line halseen calculated fahis set of
data and is shown by the solid line on the grapiu the
formula forthe regression line is alsdisplayed.Note
that the R value of 0.9627 indicatethat theregression
line generated is good fit tothe data (R= 0 is a poor
fit, R? = 1 is a perfect fit).

The dottedline in Figure 6 is the relationshipetween
Al and DRT derived bySmith [11]andincluded in Def
Stan 00-25 [8].
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Figure 6 - DRT Score vs Al Score

Figure 6 showshatfor a given Al scorethe measured
DRT score inthe testavas significantly lowethan that
suggested bymith. Possibleexplanations are outlined
overleaf.



Smith conducted DRT tests on speech recortttredugh

a high quality wideband microphonand electrically

mixed with white noise at eange of talkelSNRs. The
tests were conductedvith the listeners wearing
headphones in a quiet listening environmentsédres

were then estimated at each of these SNRs.

The presentstudy used aircrew microphones and
helmets (which do not have flatquency responses),
and highlevels of fast jetand helicopter noise at the
talker and listener positions. The Al calculatioay not
take account of some die characteristics of thimore
complicated scenario. If the Al score was over-estimated
then thiswould lead to ahigher predicted DRTscore
than that actually obtained in practice.

It is possiblethat the listeners made a significant
number of errors in thBRT tests.e. theythoughtthey
heard thecorrect word but selectethe wrongword.
This would explain why the meanDRT score was
limited to 90% everunder quiet conditiondHowever,
the author hagpreviously conducted DRT tests in the
quiet with wideband microphoneand high quality
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headphones and obtained DRT scores close to 100% andUsing the Diagnostic Rhyme Tgspeech Technology,

thus this is unlikely.
6. CONCLUSIONS

ANR improvesthe intelligibility of speech irthe fast jet
and helicopter noise fields used this study, and the
increase in DRT scores was statistically significant.

DERA are currentlydeveloping digitaland ear insert
ANR systemd12] which will provide even better noise
attenuation performandban theanaloguesystem used
for the tests described in this paper. It is likisgitthese
systems will produce evegreater gains inspeech
intelligibility.

The DRT and Al scores measured this studyarewell
correlated.However,the regression linéor the data is
significantly different tathat published inDef Stan 00-
25.

It is hoped that further speech intelligibility tests such as
Speech Transmission Index (STnd Phonetically
Balanced (PB) word tests [8] will be conducted on the
ANR system during 1997. Theseests will enable
further correlations between speech intelligibility
metrics to be investigated.
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