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® Robust continuous speech recognition (CSR)
System

® Speech Feature Extraction

» CMS: cepstrum means subtraction
» RSA: running spectrum analysis
» DRA: dynamic range adjustment

® Results



Robust CSR System
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Speech Feature Extraction
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Speech Feature Extraction Flow Sheet

Speech signal

I I MFCC values
T | !
/ ~25365 —31.484 -33 602 -5136 -248% l \
4298 4441 5743 5744 12231 TT T ————— A -
— 8243 6320 7465 6oz 5053 (CMS__removechannelnoise |
-_E ~84685 -9701 -B774 ~22.045 18145 {
& 1791 -2323 1167 5687 4745, 4
> 4267 4674 G442 1185 2289 | |
§ 12742 113237 10814 " == 11513 —pgm (Ko~ _obtainthefeature of speech)
= 3624 6355 1532 -8570 -6477 1
7857 6170 4982 6707 4241 __ __________w.
fig  -7oea -6.011 5330 5240 IDRA speechfeature adjustment |

1527 4723 3846 934 BBE2O T T T T T T T T T I
\ 1088 -0385 -1314 -11457 12137 /

Robust Feature Sequence
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RSA and DRA

e RSA can smooth the influences
of the speech feature values
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5'th value of MFCC vector
o

e DRA significantly reduces noise 10-

corruption and preserving

Important speech characteristics.

e The range of feature values
approaches those of the clean
feature values after RSA and

DRA.
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TIME [msec]
b. 10 dB white noise data for recognition
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e Use Mahalanobis distance to measure the separation of
two groups of objects, phoneme | and phoneme |, the
equation is given by the following:
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e In high SNR condition, combined RSA and DRA method
? the distance between phonemes.
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RSA and DRA

Use Mahalanobis distance to measure the separation of
two groups of objects, phoneme | and phoneme |, the
equation is given by the following:
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e In high SNR condition, combined RSA and DRA method
Increased the distance between phonemes.

®H® Use RSA only
(x)—t) Combined RSA and DRA




RSA and DRA f’f%f‘ LimE K
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Mahalanobis Distance

e A s the conditions of clean data. C@
®E 6

e B is the high SNR (10 dB) conditions.

e Mahalanobis Distance
compare using RSA only
with combined RSA and
DRA.

Relatively Cumulative Frequency[%)]
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Result

N-D-5-1
_I_H\'r

Percent Accuracy = x 100%

e Shows accurately the
total performance

N-D-5

E x 100%

Percent Correct =

e Shows the correct word
recognition rate

N: Total number of words
D:Deletion errors
S:Substitution errors

|: Insertion errors

Conditions: 20 dB
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Known data 50 sentences

RSA+DRA RSA
Corr Acc Corr Acc
babble 77.53 7247 | 76.46 | 73.01
buccaneerl 74.87 73.01 | 73.40 | 71.68
buccaneer2 76.60 75.00 | 73.94 | 72.74
destroyerenginer | 78.72 7646 | 77.39 | 75.93
destroyerops 82.98 81.12 | 82.85 | 81.78
f16 77.79 75.93 | 74.60 | 72.74
factory|l 78.72 77.53 | 77.79 | 76.60
factory2 78.72 77.53 | 77.79 | 76.60
< hfchannel 66.49 63.70 | 57.31 | 5505~
leopard 85.24 80.98 | 86.57 | 83.11
m109 88.30 87.23 | 89.89 | 88.96
machinegun 83.64 77.53 | 80.98 | 74.47
pink 79.26 77.66 | 76.99 | 76.06
volvo 89.76 88.16 | 91.09 | 89.89
white 68.35 65.82 | 69.95 | 68.62
average 79.13 76.68 | 77.8 75.82
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Result

Conditions: 15 dB Known data 50 sentences
Unknown data 180 sentences

RSA+DRA RSA RSA+DRA RSA
Corr Acc Corr | Acc Corr Acc Corr Acc
babble 63.30 | 5545 | 62.63 | 59.31 babble 65.23 60.33 | 65.27 | 63.08
S buccaneerl 55.19 5266 | 41.49 | 4065~ <% 54.52 5317 | 41.25 | 4008=>
<—_ buccaneer2 39.44 56.65 | 44.02 | ATES = 4 buccaneer? 32.53 50.04 | 40.05 | 3853
destroyerenginer | 63.30 39.84 | 5678 | 3479 destroyerenginer | 58.27 55.80 | 53.09 | 51.36
destroyerops 7420 | 71.94 | 66.36 | 64.63 destroyerops 68.44 | 65.67 | 63.16 | 61.49
9 f16 6423 | 6223 | 5439 | 5706 < fl6 60.18 5841 | 51.58 | 4996—
factory 1 65.03 | 6330 | 5572 | 54.26 factory1 61.16 59.16 | 54.22 | 52.83
factory2 78.06 | 76.60 | 77.26 | 75.53 factory2 73.49 1142 | 71.42 | 70.02
< hfchannel 47.61 4348 | 35.77 hfchannel 45.55 42.27 | 39.22 | 37.37
leopard 8205 | 7633 | 82.18 | 77.53 leopard 7551 | 724 | 76.24 | 7251
m109 84.84 | 8378 | 81.38 | 80.05 m109 17.11 75.11 | 78.17 | 76.89
machinegun 78.32 69.15 | 78.86 | 69.81 machinegun 74.63 66.01 | 7496 | 66.10
9 pink 0506 | 6449 | 49.07 | 410 < pink 57.81 | 5573 [ 45.29 p
volvo §9.89 | 88.83 | 91.36 | 90.16 voIvo 19.71 T71.45 | 81.98 | 79.90
white 46.41 41.89 | 39.23 | 36.04 white 39.56 37.14 | 36,773 | 3533
average 67.83 | 6444 | 6110 | 58.40 average 6292 | 60.01 | 58.18 | 55.95
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Result

Conditions: 10 dB
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Known data 50 sentences
Unknown data 180 sentences

RSA+DRA RSA RSA+DRA RSA
Corr Acc Corr Acc Corr Acc Corr | Acc
babble 36.97 26.20 | 36.04 | 32.05 babble 44.49 35.9 38.8 36.69
9 buccaneer] 29.26 26.86 | 15.56 | 1463— |<—__ buccaneerl 30.35 28.62 | 14.48 R >
buccaneer2 34.31 32.31 | 18.08 | 16.87 buccaneer2 30.51 28.88 | 18.93 | 18.29
< destroyerenginer | 40.16 36.70 | 24.07 3. ¢ destroyerengmner | 38.84 | 307 | 2108 2
destroyerops 51.20 | 48.80 | 34.18 | 33.24 destroyerops 4941 [ 4657 | 34.92 | 34.28
f16 37.63 3457 | 2407 | 2314 | +——_f16 | 41.86 40.61 | 1942 | 18535
~ factory 42.15 3B.83 | 25.93 | 7500 1 factory 1 39.63 3846 | 23.23 | 1RS>
factory?2 61.84 SB64 | 52.66 | 51.06 factory?2 63.12 61.24 | 54.86 | 53.51
hfchannel 24.73 2234 | 15.29 | 13.96 hfchannel 23.00 21.08 | 14.29 | 13.57
leopard 79.39 T4.87 | 77.93 | 72.87 leopard 14.74 71.98 | 72.21 | 68.55
m109 75.13 713.27 | 61.30 | 59.97 m109 69.04 66.78 | 59.31 | 57.88
machinegun 18.46 68.88 | 77.53 | 66.89 machinegun 73.19 60.48 | 72.13 | 59.54
g pink 36.57 3471 | 19.28 ) < pink 34.62 3314 | 17.87
volvo 89.59 88.70 | 88.96 | 87.50 volvo 80.09 78.02 | 78.21 | 76.90
white 26.60 23.67 | 17.55 | 16.22 white 23.30) 2149 | 16.25 | 15.61
average 49.62 4596 | 39.23 | 36.98 average 4775 4460 | 37.06 | 35.19
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Thank you!

Question?



