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ABSTRACT

Traditionally this experimentation is accomplished on hearing impaired subjects but they may be time
consuming and may cause fatigue in elderly people. So, preliminary evaluations of the developed algorithms
were conducted on five normal people with simulated hearing loss, by adding a broad band noise to the speech
signal with signal to noise ratio of 3dB, 0dB, -3dB,-6dB and -9dB.The objective of the experimental analysis
was to assess the usefulness of the developed algorithms. The wavelet based filter algorithms using Daubechies,
Symlet and Biorthogonal wavelet families were developed in MATLAB. Further to randomise the tests, 15
syllables without meaning were considered in vowel consonant vowel (VCV) order. Results indicated that
response time for processed speech signal was significantly lower than that for unprocessed one, the recognition
scores decreased with decrease in signal to noise ratio, the relative information transmitted was near perfect with
unprocessed speech and improved with processed speech for higher value of signal to noise ratio.
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I. INTRODUCTION

The sensorineural loss is characterized by
an increase in threshold of hearing, compression in
dynamic range of hearing, degradation of temporal
resolution with increase in temporal masking and
degraded frequency selectivity with an increase in
spectral masking [3],[7].One of the possible reasons
for the malfunction in sensorineural loss is due to
spread of spectral masking along the cochlear
partitions [6],[7].

It is believed to take place on account of
filtering inside the cochlea, also denoted as critical
bandwidth. The auditory filters are the ones that
separate one sound from another. The auditory filters
are broader than normal in increased spectral
masking. [1]

The splitting of information in speech
signal for presenting signals to the ears, in some sort
of complimentary fashion, to provide the relaxation
for sensory cells of the basilar membrane, may help
in reducing the effect of increased masking and
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thereby improve the speech reception in cases of
bilateral sensorineural hearing impairment [1], [2].
Human ear portrays as utilizing wavelet
transform while analyzing sound, at least in the very
first stage [11]. The wavelet transform, utilized in
signal processing has an ability to co-exist in time-
frequency (or time-scale) representation of signals as
it uses a variable-width window (narrow at high
frequencies and wide at low frequencies) [14].
During wavelet investigation, a bank of
band pass filters is considered. Abhjit Karmarkal et
al.[12] have suggested a criterion to choose the
optimal wavelet packet created on the Zwicker’s
model critical band structure [9]. Researchers
acquired optimal wavelet-packet(WP) tree for
various sampling frequencies and results were
correlated with other CB motivated WP trees. M. T.
Kolte et. al. [3] suggested modified wavelet packets
algorithm utilizing Symlet family. The creator's
guaranteed that recognition scores for processed
scheme of wavelet packets were improved by 3.33%
to 22.23%.and the response time were reduced. The
proposed system was evaluated utilizing VCV
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speech material. Author concluded that outcomes
got by proposed strategy were better than comb
filter results.

In present work, wavelet based filter
algorithms of Daubechies, Symlet and Biorthogonal
wavelet families (db4, sym9 and bior2.4) were
developed in MATLAB. In these, eight bands are
made based on auditory filters of quasi octave
bandwidth. Four alternate bands are combined for
even-odd dichotic presentation. The inverse wavelet
packet transform was utilized to synthesize speech
components from the wavelet packet representation.
To synthesize the speech component, wavelet
coefficients were used. Listening tests on five
normal people were conducted using fifteen
syllables without meaning (i.e. vowel consonant
vowel (VCV) order).

The paper is prepared into five sections.
Section | presents the need of the proposed system
and also reviews the various techniques proposed by
the different researchers to overcome different
problems related to the hearing impaired using

wavelet transform. Section 1l discusses the
methodology used to design the wavelet based filter
algorithms. Section 11l includes listening tests.

Section IV shows experimental results and
discussion. Section V concludes the paper.

Il. METHODOLGY

The logarithmic frequency resolution is
obtained from discrete wavelet transform (DWT).
Low frequencies have narrow bandwidth while high
frequencies  have  wider  bandwidth.  The
segmentation of higher frequencies into narrower
bands is allowed by wavelets packets [4],[15]. For
speech analysis, wavelet packets (WP) prove to be
an efficient tool. The selection of decomposition tree
followed by selection of filters for every
decomposition level of the tree is involved in the
designing of wavelet packets. After the selection of
decomposition tree, the immediate step involves
selection of appropriate wavelet filters for every
decomposition level of the tree. Different time-
frequency resolution exists at each level. In our
work, we have not used down sampling operation
during the decomposition. We have used a frequency
range criterion to select the most suitable
decomposition of a given speech signal. This means
we look at each node of the decomposition tree and
quantify the frequency range of the information to be
gained by performing each split.

In our work, we use discrete wavelet
transform and wavelet packet at various levels of
decomposition to develop optimized wavelet packets
as per the frequency criterion as shown in Figure 1
and Figure 2. MATLAB software was used to
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develop codes for wavelet filter algorithms using
Daubechies, Symlet and Biorthogonal wavelet
families. Figure 2 shows wavelet filter tree structure.
The processing algorithms were developed as
spectral splitting with this wavelet filter structure
based on eight frequency bands as the performance
by hearing-impaired subjects saturated around eight
channels, while performance by normal-hearing
subjects sustained to 12-16 channels with higher
background noise [10].

ia) ib]
Figure 1: Decomposition tree structure upto 4 level
for a)DWT b)WP
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Figure 2: Decomposition tree structure for Wavelt
filter.
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Table 1 shows the entire eight bands in alternate
fashion for even-odd index with center and pass
band frequency for each band in KHz.

Wavelet filters were developed using the pseudo

algorithm as follows:

e  Read speech signal x(n) (input) having length
N.

e  Decompose x(n) up to level 4 using respective
wavelet packet as directed in Figure 1.

e  Construct the optimized wavelet packet tree by
rejoining 11, 12, 13, 14 and 9, 10, 5, 6 nodes.
Thus, optimized tree will have only eight nodes
as shown in Figure 1.
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e  Reconstruct the optimized wavelet tree
(selectively) to obtain two output signals - one
for right ear and other for left ear.

e In optimized tree, the approximate coefficients
nodes numbered 15, 17, 9, and 5 are made zero
while keeping the detail coefficients nodes as it
is.

I1l. LISTENING TESTS

Five normal hearing people (VG: M 36,
SA: M 22, MF: M 19, MJ: M 36, BB: M 71)
participated in the listening tests. These listening
tests were conducted in an acoustically isolated
room. The loss was simulated by adding broadband
noise to the speech stimuli with five different SNRs.
SNR conditions used were 3dB, 0dB, -3dB, -6dB
and -9dB. The wavelet based filter algorithms (db4,
sym9 and bior2.4) were implemented in MATLAB.
Listening tests were carried out for finding the
confusion among the set of fifteen English
consonants, without meaning were considered in
vowel consonant vowel (VCV) order. To make these
tests user friendly MATLAB based GUI was
developed with a provision to manually enter the
SNR condition. The final results were collected in
confusion matrix to evaluate the response times,
recognition scores and information transmission
analysis.

IV. LISTENING TESTS RESULTS

This section includes results of listening
tests for response time, recognition score, relative
improvement in recognition score and information
transmission analysis results for unprocessed and
processed speech with all SNR conditions.

4.1 RESPONSE TIME

Response time is the time interval between
speech materials presented dichotically to subjects
and the response given by subjects. The response
time for the processed and unprocessed speech
signal for various SNR conditions is presented in the
Table 2 and its graphical presentation is provided in
Figure 3. Table 3 shows the average response time
of three algorithms for the processed and
unprocessed signals. From Table 2, it is observed
that as SNR reduces, the response time increases for
unprocessed and processed signals. For SNR
conditions at -9dB, -6dB, -3dB, 0dB, 3dB the
corresponding decrease in average response time
were 4.29sec, 3.73sec, 3.72 sec, 3.22 sec and 3.05sec
for processed signals and similarly for unprocessed
signal the values were 4.40 sec, 3.83 sec, 3.78 sec,
3.60 sec and 3.28 sec.The average response time
increased with increase in the level of masking noise
for all subjects. It was observed that response time
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for processed speech was significantly lower than
that for unprocessed one.
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Figure 3: Response time

4.2 RECOGNITION SCORE

The recognition scores of individual
subjects, average of recognition scores and average
relative improvement across five subjects at different
SNR conditions is shown in Table 4. The
improvements in processing with all the three
algorithms were highly significant when compared
to unprocessed ones. The average relative increase
for db algorithm was 1.38%, 1.83%, 2.14%, 3.51%,
and 4.23% with SNR conditions 3, 0, 3, -6 and -9dB
respectively. Similarly for bior algorithm, the
average relative increase were 2.60%, 1.27%, -
0.37%, 0.43% and 3.28% with SNR conditions 3, 0,
-3, -6 and -9dB respectively and for sym algorithm,
these values were 1.93%, 1.60%, -0.26%, 1.11% and
3.28% with SNR conditions 3, 0, -3, -6,and -9dB
respectively.
For all the subjects, as the SNR decreases (masking
noise level increases), the recognition score
generally decreases. It is observed that the
improvements due to algorithms are more for higher
levels of masking noise and was found for db
algorithm at -9dB SNR condition.

4.3  INFORMATION TRANSMISSION ANALYSIS

The combined confusion matrix with
consistency in score was subjected to information
transmission analysis for every SNR condition.
Table 5 (a to h) gives the relative information
transmitted for the different consonantal features
along with averaged over five subjects and average
relative improvement across five subject with
different SNR conditions.

For the overall feature with decrease in
SNR condition related to unprocessed speech there
was degradation in the overall information
transmitted. For SNR conditions of 3, 0, -3, -6 and -
9dB the values of overall information transmitted
were for db algorithms 97.30%, 97.52%, 96.44%,
94.42%, 91.07% similarly, the values were 98.33%,
97.56%, 96.74%, 95.23% and 93.05% for bior and
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97.65%, 97.475, 96.36%, 95.30% and 92.72% for
sym respectively.

From the analysis, it was observed that the
algorithms improved the perception of most of the
consonantal features with different SNR conditions.
The relative information transmitted is near perfect
with unprocessed speech and improves with
processed speech for higher value of SNR. With
lower values of SNR, the relative information
transmitted with unprocessed speech decreases and
improvements are observed with the processed
speech. However, most of the subjects indicated the
maximum improvement for the duration, frication
and manner features. For lower values of SNR,
relatively better improvement was observed for
place feature. The reception of the place feature is
related to frequency resolving capacity of the
auditory processing so it can be implied that the
algorithms have reduced the effect of spectral
masking.

Overall: With decrease in SNR condition
related to unprocessed speech there was degradation
in the overall information transmitted. For SNR
conditions of 3, 0, -3, -6 and -9dB the values of
overall information transmitted were for db
algorithms  97.30%, 97.52%, 96.44%, 94.42%,
91.07% similarly, the values were 98.33%, 97.56%,
96.74%, 95.23% and 93.05% for bior and 97.65%,
97.47%, 96.36%, 95.30% and 92.72% for sym
respectively.

For the analysis, it was observed that the
algorithms improved the perception of most of the
consonantal features with different SNR conditions.
The relative information transmitted is near perfect
with unprocessed speech and improves with
processed speech for higher value of SNR. With
lower values of SNR, the relative information
transmitted with unprocessed speech decreases and
improvements are observed with the processed
speech. However, most of the subjects indicated the
maximum improvement for the duration, frication
and manner features. For lower values of SNR,
relatively better improvement was observed for
place feature. The reception of the place feature is
related to frequency resolving capacity of the
auditory processing so it can be implied that the
algorithms have reduced the effect of spectral
masking.

V. CONCLUSION
The proposed scheme shows to be the
desired alternative to test the applicability of
developed algorithm for hearing aid without
participation of hearing impaired persons.
The results of listing tests show that the
recognition scores decreased with decrease in SNR.
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It was observed that for a particular level of masking
noise, the score for processed speech was
significantly higher than that for the unprocessed
one. It was also observed that the relative
improvements due to processing were more for
higher levels of masking noise (- 9 dB SNR), i.e.
higher levels of simulated sensorineural loss. The
average response time increased with increase in the
level of masking noise for all subjects. It was
observed that response time for processed speech
was significantly lower than that for unprocessed
one. The relative information transmitted is near
perfect with unprocessed speech and improves with
processed speech for higher value of SNR. However,
many subjects indicated the maximum improvement
for the duration, frication and manner features.
Relatively better improvement was observed for
place feature. The reception of the place feature is
related to frequency resolving capacity of the
auditory processing so it can be implied that the
algorithms have reduced the effect of spectral
masking. Finally, it can be concluded that in noisy
environment the load on speech perception process
is reduced and speech perception by normal people
gets improved by wavelet based algorithms having
binaural dichotic.
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Table 1: Pass band frequencies
Filter for the left ear Filter for the right ear
Centre frequency | Passband frequency Centre frequency | Passband frequency
Band Band

(KHz) (KHz) (KHz) (KHz)
1 0.15625 0-0.3125 2 0.46875 0.3125-0.625
3 0.78125 0.625-0.9375 4 1.0937 0.9375-1.25
5 1.5625 1.25-1.875 6 2.1875 1.875-2.5
¥ 3.125 2.5-3.75 8 4.375 3.75-5
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Table 2 Response time for Normal People for different SNR

uUSs PS
Wavel SN

ets | SNR: | SNR: | SNRi- | sNRi- | SN | SNR: | SNR: | SNRi- | SNR:- | SNR:-

3dB8 | 0dB | 3dB 60B | | 30B | 0dB | 3dB 6dB 9dB
db | 318 | 380 | 324 | 318 4(')2 205 | 290 | 295 | 358 | 4.00
bior | 318 | 380 | 324 | 318 4(')2 320 | 313 | 268 | 250 | 366
sym | 318 | 380 | 324 | 318 4(')2 322 | 235 | 362 | 393 | 430
db | 270 | 323 | 348 | 402 455 235 | 312 | 461 | 370 | 457
bior | 270 | 323 | 348 | 402 455 270 | 324 | 336 | 365 | 432
sym | 270 | 323 | 348 | 402 455 212 | 320 | 338 | 365 | 456
db | 288 | 320 | 373 | 317 3é6 220 | 227 | 261 | 266 | 346
bior | 288 | 320 | 373 | 317 3é6 213 | 236 | 443 | 251 | 420
sym | 28 | 320 | 373 | 317 3é6 221 | 266 | 327 | 351 | 345
db | 338 | 345 | 371 3.80 4é1 330 | 352 | 362 368 | 384
bior | 338 | 345 | 371 3.80 4é1 311 | 325 | 372 3.78 3.92
sym | 338 | 345 | 371 3.80 4é1 371 | 382 | 365 | 420 | 3.90
db 424 | 433 | 473 4.97 544 409 | 412 | 435 4.80 5.10
bior | 424 | 433 | 473 | 497 544 417 | 426 | 472 | 492 | 540
sym | 424 | 433 | a73 | 497 544 426 | 413 | 485 | 492 | 560

Table 3: Average Response time
SNR: 3dB SNR: 0dB SNR: -3dB SNR: -6dB SNR: -9dB
Us 3.8 3.60 378 3.83 4.40
PS 3.05 3.22 3.72 3.73 4.29

Table 4. Recognition Score for Normal people for different SNR
Subject VG SA MF MJ BB Avg AvgRI
us 100.00 97.33 100.00 96.00 82.00 95.07
Pr-db 100.00 100.00 100.00 100.00 82.22 96.44 1.38

SNR: 3dB Pr-bior | 100.00 100.00 100.00 100.00 88.33 97.67 2.60
Pr-sym | 100.00 100.00 100.00 100.00 85.00 97.00 1.93

usS 100.00 97.33 100.00 98.66 76.00 94.40
SNR: 0dB Pr-db 100.00 97.14 100.00 100.00 84.00 96.23 1.83

Pr-bior | 100.00 100.00 100.00 100.00 78.33 95.67 1.27
Pr-sym | 100.00 100.00 100.00 100.00 80.00 96.00 1.60
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us 100.00 98.66 100.00 92.00 77.33 93.60
SNR: -3dB Pr—c?b 100.00 98.67 100.00 100.00 80.00 95.73 2.14
Pr-bior | 100.00 96.67 100.00 100.00 69.49 93.23 -0.37
Pr-sym | 100.00 96.67 100.00 100.00 70.00 93.33 -0.26

uUsS 98.66 97.33 97.00 93.33 66.66 90.60
SNR: -6dB Pr—c?b 98.67 98.67 98.67 98.53 76.00 94.11 3.51
Pr-bior | 100.00 96.61 96.67 98.53 63.33 91.03 0.43
Pr-sym | 100.00 95.00 96.67 98.53 68.33 91.71 111

uUsS 90.66 93.33 96.00 94.66 58.67 86.66
SNR: -9dB Pr-db 93.24 94.67 97.33 93.24 76.00 90.90 4.23
Pr-bior 96.67 100.00 96.67 93.06 63.33 89.94 3.28
Pr-sym 98.33 95.00 98.33 93.06 65.00 89.94 3.28

Table 5. Relative information transmitted (in %) for (a). overall, (b). continuance, (c). duration, (d). frication,
(e). manner, (). nasality, (g). place and (h).voicing

Subject VG SA MF MJ BB | Avg | Avg. Rl
US | 100.00 | 100.00 | 97.65 | 96.21 | 88.55 | 96.48
Pr-db | 100.00 | 100.00 | 100.00 | 100.00 | 86.52 | 97.30 0.82

SNR: 3dB -
Pr-bior | 100.00 | 100.00 | 100.00 | 100.00 | 91.63 | 98.33 1.85
Pr-sym | 100.00 | 100.00 | 100.00 | 100.00 | 88.24 | 97.65 1.17
us 100.00 97.34 100.00 98.67 | 82.26 | 95.65
Pr-db 100.00 97.07 100.00 | 100.00 | 90.54 | 97.52 1.87
SNR: 0dB

Pr-bior | 100.00 | 100.00 | 100.00 | 100.00 | 87.82 | 97.56 191
Pr-sym | 100.00 | 100.00 | 100.00 | 100.00 | 87.34 | 97.47 1.82

us 100.00 | 98.67 100.00 | 92.63 | 81.24 | 9451
a) Overall Pr-db 97.26 93.04 100.00 | 100.00 | 91.89 | 96.44 1.93

SNR: -3dB :
Pr-bior | 100.00 | 96.92 | 100.00 | 100.00 | 86.76 | 96.74 2.23
Pr-sym | 100.00 | 96.92 | 100.00 | 100.00 | 84.86 | 96.36 1.85
us 100.00 | 98.46 | 100.00 | 96.79 | 79.18 | 94.89
SNR: -6dB Pr-db 98.54 92.26 | 100.00 | 98.60 | 82.72 | 94.42 -0.46
Pr-bior | 100.00 | 97.03 96.92 98.60 | 83.58 | 95.23 0.34
Pr-sym | 100.00 | 95.54 96.92 98.60 | 85.45 | 95.30 0.42
us 91.99 94.69 97.08 95.10 | 75.96 | 90.96
SNR: -9dB Pr-db 93.16 88.52 98.46 93.78 | 81.44 | 91.07 0.11
Pr-bior | 97.65 | 100.00 | 96.92 93.78 | 76.92 | 93.05 2.09
Pr-sym | 98.46 95.38 98.46 93.78 | 77.51 | 92.72 1.76
Subject VG SA MF MJ BB Avg | Avg.R.IL

us 100.00 | 100.00 | 100.00 | 73.36 | 35.61 | 81.79
Pr-db | 100.00 | 100.00 | 100.00 | 100.00 | 69.63 | 93.93 12.13
Pr-bior | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 18.21
Pr-sym | 100.00 | 100.00 | 100.00 | 100.00 | 76.35 | 95.27 13.48
SNR: 0dB us 100.00 | 100.00 | 100.00 | 100.00 | 25.94 | 85.19

b) Continuance | SNR: 3dB
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Pr-db | 100.00 | 100.00 | 100.00 | 100.00 | 60.42 | 92.08 6.90
Pr-bior | 100.00 | 100.00 | 100.00 | 100.00 | 76.35 | 95.27 10.08
Pr-sym | 100.00 | 100.00 | 100.00 | 100.00 | 76.35 | 95.27 10.08
us 100.00 | 90.75 | 100.00 | 58.39 | 27.25 | 75.28
SNR: -3dB Pr-db | 86.76 | 100.00 | 100.00 | 100.00 | 49.48 | 87.25 11.97
Pr-bior | 100.00 | 89.07 | 100.00 | 100.00 | 100.00 | 97.81 22.53
Pr-sym | 100.00 | 89.07 | 100.00 | 100.00 | 100.00 | 97.81 22.53
us 100.00 | 100.00 | 100.00 | 73.36 | 60.21 | 86.71
SNR: -6dB Pr-db | 100.00 | 100.00 | 100.00 | 100.00 | 35.61 | 87.12 0.41
Pr-bior | 100.00 | 88.97 | 100.00 | 100.00 | 100.00 | 97.79 11.08
Pr-sym | 100.00 | 89.07 | 100.00 | 100.00 | 100.00 | 97.81 11.10
us 73.36 | 8195 | 89.07 | 79.37 | 60.42 | 76.84
SNR: -9dB Pr-db | 100.00 | 65.12 | 100.00 | 87.65 | 66.36 | 83.83 6.99
Pr-bior | 76.35 | 100.00 | 100.00 | 87.65 | 60.42 | 84.89 8.05
Pr-sym | 86.21 | 89.07 | 100.00 | 87.65 | 60.42 | 84.67 7.84
Subject VG SA MF MJ BB Avg Avg. R.1.
us 100.00 | 100.00 | 100.00 | 79.37 100.00 | 95.87
SNR: 3dB Pr-db 100.00 | 100.00 | 100.00 | 100.00 | 65.52 93.10 -2.77
Pr-bior | 100.00 | 100.00 | 100.00 | 100.00 | 76.35 95.27 -0.60
Pr-sym | 100.00 | 100.00 | 100.00 | 100.00 | 67.93 93.59 -2.29
us 100.00 | 100.00 | 100.00 | 100.00 | 65.29 93.06
SNR: 0dB Pr-db 100.00 | 100.00 | 100.00 | 100.00 | 70.62 94.12 1.07
Pr-bior | 100.00 | 100.00 | 100.00 | 100.00 | 67.93 93.59 0.53
Pr-sym | 100.00 | 100.00 | 100.00 | 100.00 | 67.93 93.59 0.53
us 100.00 | 100.00 | 100.00 | 100.00 | 39.48 87.90
c) Duration SNR: -3dB Pr-db 100.00 | 88.24 | 100.00 | 100.00 | 81.95 94.04 6.14
Pr-bior | 100.00 | 89.07 | 100.00 | 100.00 | 43.81 86.58 -1.32
Pr-sym | 100.00 | 89.07 | 100.00 | 100.00 | 38.17 85.45 -2.45
us 100.00 | 100.00 | 100.00 | 100.00 10.93 82.19
SNR: -6dB Pr-db 100.00 | 71.64 | 100.00 | 88.15 71.23 86.20 4.02
Pr-bior | 100.00 | 100.00 | 100.00 | 88.15 26.65 82.96 0.77
Pr-sym | 100.00 | 100.00 | 100.00 | 88.15 38.17 85.26 3.08
us 79.52 91.95 | 100.00 | 100.00 7.12 75.72
SNR: -9dB Pr-db 78.69 78.56 | 100.00 | 84.24 28.56 74.01 -1.71
Pr-bior | 100.00 | 100.00 | 100.00 | 84.24 13.89 79.63 3.91
Pr-sym | 100.00 | 75.53 | 100.00 | 84.24 13.89 74.73 -0.99
Subject VG SA MF MJ BB Avg Avg. R.1.
d) Frication SNR: 3dB us 100.00 | 100.00 | 100.00 | 75.00 64.90 87.98
Pr-db | 100.00 | 100.00 | 100.00 | 100.00 | 84.57 96.91 8.94
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Pr-bior | 100.00 | 100.00 | 100.00 | 100.00 | 87.69 | 97.54 9.56
Pr-sym | 100.00 | 100.00 | 100.00 | 100.00 | 71.50 | 94.30 6.32
US | 100.00 | 100.00 | 100.00 | 100.00 | 51.26 | 90.25

SNR oge | PP | 100.00 | 10000 | 100.00 | 100.00 | 4988 | 89.98 | -0.28
Pr-bior | 100.00 | 100.00 | 100.00 | 100.00 | 71.50 | 94.30 4.05
Pr-sym | 100.00 | 100.00 | 100.00 | 100.00 | 71.50 | 94.30 4.05
US | 100.00 | 91.12 | 100.00 | 61.67 | 32.97 | 77.15

SNR g |_Prdb | 8858 | 88.24 | 100.00 | 100.00 | 7894 | 9115 | 1400
Pr-bior | 100.00 | 82.45 | 100.00 | 100.00 | 54.01 | 87.29 | 10.14
Pr-sym | 100.00 | 82.45 | 100.00 | 100.00 | 55.19 | 87.53 | 10.37
US | 100.00 | 100.00 | 100.00 | 75.00 | 28.78 | 80.76

SNR. g | P | 10000 | 7849 | 10000 | 8815 | 64.90 | 8631 5.55
Pr-bior | 100.00 | 89.36 | 100.00 | 88.15 | 55.19 | 86.54 5.78
Pr-sym | 100.00 | 89.47 | 100.00 | 88.15 | 55.19 | 86.56 5.80
us 7500 | 8245 | 89.47 | 80.93 | 31.24 | 71.82

SNR: .odp | P | 100.00 | 83.97 | 10000 | 8913 | 5197 | 8501 | 1320
Pr-bior | 78.94 | 100.00 | 100.00 | 89.13 | 29.30 | 79.47 7.66
Pr-sym | 87.69 | 82.45 | 100.00 | 89.13 | 29.30 | 77.71 5.90

Subject VG SA MF MJ BB Avg | Avg. R
US | 100.00 | 100.00 | 100.00 | 83.91 | 78.42 | 92.47

SNR. agp |_Prdb | 100.00 | 10000 | 100.00 | 100.00 | 90.38 | 9808 5.61
Pr-bior | 100.00 | 100.00 | 100.00 | 100.00 | 92.30 | 98.46 5.99
Pr-sym | 100.00 | 100.00 | 100.00 | 100.00 | 82.41 | 96.48 4.01
US | 100.00 | 9354 | 100.00 | 100.00 | 65.11 | 91.73

SNR ogg | Prr@0 | 10000 | 10000 | 10000 | 100.00 | 6946 | 93.89 2.16

Pr-bior | 100.00 | 100.00 | 100.00 | 100.00 | 82.41 96.48 4.75
Pr-sym | 100.00 | 100.00 | 100.00 | 100.00 | 82.41 96.48 4.75
us 100.00 94.17 100.00 75.78 58.15 85.62
e) Manner SNR: -3dB Pr-db 93.10 92.97 100.00 | 100.00 | 86.93 94.60 8.98
Pr-bior | 100.00 86.10 100.00 | 100.00 71.66 91.55 5.93

Pr-sym | 100.00 | 86.10 100.00 | 100.00 72.09 91.64 6.02
us 100.00 | 100.00 | 100.00 | 83.91 56.40 88.06
Pr-db 100.00 86.77 100.00 | 92.93 78.42 91.62 3.56

SNR: -6dB -
Pr-bior | 100.00 93.02 100.00 | 92.93 72.09 91.61 3.54
Pr-sym | 100.00 87.70 100.00 | 92.93 72.09 90.54 2.48
us 83.91 88.48 93.09 87.80 57.77 82.21
Pr-db 94.95 81.78 100.00 | 93.31 70.25 88.06 5.85
SNR: -9dB

Pr-bior | 86.93 100.00 | 100.00 | 93.31 56.53 87.35 5.14
Pr-sym | 92.30 88.48 100.00 | 93.31 56.53 86.12 3.91
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Subject VG SA MF MJ BB Avg | Avg.R.l.
US | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
SNR 3 | P | 10000 | 10000 | 100.00 | 10000 | 100.00 | 100.00 | 0.00
Pr-bior | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 0.00
Pr-sym | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 0.00
US | 100.00 | 82.40 | 100.00 | 100.00 | 88.62 | 94.20
SNR. ogp |_Prdb | 100.00 | 100.00 | 10000 | 100.00 | 100.00 | 10000 | 580
Pr-bior | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 5.80
Pr-sym | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 5.80
US | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
f) Nasality | | Prdb | 10000 | 100.00 | 10000 | 100.00 | 100.00 | 10000 | 0.00
Pr-bior | 100.00 | 78.94 | 100.00 | 100.00 | 100.00 | 95.79 | -4.21
Pr-sym | 100.00 | 78.94 | 100.00 | 100.00 | 100.00 | 9579 | -4.21
US | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
SNR. -6qp |7 | 10000 | 10000 | 100.00 | 10000 | 100.00 | 100.00 | 0.00
Pr-bior | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 0.00
Pr-sym | 100.00 | 86.67 | 100.00 | 100.00 | 100.00 | 97.33 | -2.67
US | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00
SNR..oqp |_Prdb | 8826 | 8106 | 10000 | 100.00 | 100.00 | 9386 | -6.14
Pr-bior | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 0.00
Pr-sym | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 0.00
Subject VG SA MF MJ BB Avg | Avg. Rl
US | 100.00 | 100.00 | 100.00 | 86.39 | 7425 | 92.13
SNR g |_Prdb | 100.00 | 10000 | 100.00 | 10000 | 6179 | 92.36 0.23
Pr-bior | 100.00 | 100.00 | 100.00 | 100.00 | 63.79 | 92.76 0.63
Pr-sym | 100.00 | 100.00 | 100.00 | 100.00 | 54.24 | 90.85 | -1.28
US | 100.00 | 90.89 | 100.00 | 100.00 | 71.27 | 92.43
SNR. ogp | | 10000 | 8825 | 10000 | 10000 | 8394 | 9444 2.00
Pr-bior | 100.00 | 100.00 | 100.00 | 100.00 | 42.73 | 8855 | -3.89
Pr-sym | 100.00 | 100.00 | 100.00 | 10000 | 4490 | 8898 | -3.45
o) Place US | 100.00 | 100.00 | 100.00 | 78.38 | 59.65 | 87.61
SNR .aqg |_Prdb | 8955 | 8314 | 100.00 | 10000 | 8075 | 90.69 3.08
Pr-bior | 100.00 | 93.58 | 100.00 | 100.00 | 33.70 | 8546 | -2.15
Pr-sym | 100.00 | 93.58 | 100.00 | 100.00 | 3450 | 85.62 | -1.99
US | 100.00 | 93.05 | 100.00 | 90.89 | 2158 | 81.11
SNR 6 |_Prdb | 9369 | 7671 | 10000 | 9429 | 4849 | 8264 1.53
Pr-bior | 100.00 | 100.00 | 87.48 | 9429 | 26.05 | 81.57 0.46
Pr-sym | 100.00 | 93.05 | 87.48 | 9429 | 3177 | 81.32 0.21
us 7740 | 8351 | 88.16 | 8420 | 19.93 | 70.64
SNR:-9dB | Prdb | 7290 | 8154 | 9358 | 76.18 | 4241 | 73.32 2.68
Pr-bior | 90.83 | 100.00 | 9358 | 76.18 | 2249 | 76.62 5.98
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| Prsym | 9437 | 8671 | 9358 | 7618 | 2500 | 7517 | 453
Subject Ve | sA [ MF [ Mi | BB | Avg [AvgRL
US | 10000 | 100.00 | 7894 | 9112 | 100.00 | 94.01
oNR. agg | P | 100.00 | 100.00 | 10000 | 10000 | 10000 | 10000 | 5.9
Pr-bior | 100.00 | 100.00 | 100.00 | 100.00 [ 71.50 | 9430 | 0.29
Pr-sym | 100.00 | 100.00 | 100.00 | 100.00 | 6158 | 9232 | -L70
Us | 10000 | 9112 | 100.00 | 89.69 | 70.13 | 90.19
snR g | P9 | 10000 | 100.00 | 100.00 | 10000 | 86.94 | o7.39 | 720
Pr-bior | 100.00 | 100.00 | 100.00 | 100.00 | 6158 | 9232 | 2.3
Pr-sym | 100.00 | 100.00 | 100.00 | 100.00 | 6158 | 9232 | 213
US | 10000 | 100.00 | 100.00 | 80.93 | 86.94 | 9357
h) Voicing | | Prdb [ 10000 | 6338 | 100.00 | 100.00 [ 10000 [ 9268 | -0.90
Pr-bior | 100.00 | 100.00 | 100.00 | 100.00 | 63.84 | 9277 | -0.81
Prsym | 100.00 | 100.00 | 100.00 | 100.00 | 64.90 | 9298 | -0.59
US | 10000 | 100.00 | 100.00 | 100.00 | 3522 | 87.04
SNR. .6qp | | 10000 | 7585 | 10000 | 90.03 | 10000 | 9318 | 6.3
Pr-bior | 10000 | 87.62 | 89.47 | 90.03 | 64.90 | 8640 | -0.64
Prsym | 100.00 | 87.69 | 89.47 | 90.03 | 64.90 | 8642 | -0.63
US| 10000 | 100.00 | 100.00 | 100.00 | 27.91 | 8558
SNR: oqg | _Prdb | 10000 | 7828 | 100.00 | 100.00 | 4246 [ 8415 | 144
Pr-bior | 78.04 | 100.00 | 87.69 | 100.00 | 33.64 | 80.05 | -5.53
Prsym | 87.69 | 7894 | 100.00 | 100.00 | 3364 | 8005 | 553

i Dr.Jayant J. Chopade, et. al. “Evaluation of Wavelet based filter algorithms to improve the,
' performance of Hearing with simulated hearing loss.” International Journal of Engineering;
' Research and Applications (IJERA), vol.10 (08), 2020, pp. 40-50 |
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