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Robust Speech Recognition Algorithm of Voice Activated Powered
Wheelchair for Severely Disabled Person
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Current speech recognition technology has achieved high performance with the development of hardware
devices, however il is insufficient for some applications where high reliability is required, such as voice control

¥}

=

of powered wheelchairs for disabled persons. For the system which aims to operate powered wheelchairs safely
by wvoice in real cnvironment, we need to consider that non-voice commands such as users coughing,
breathing, and spark-like mechanical noise should be rejected and the wheelchair system need to recognize the
spoech commands affected by disability, which contains specific pronunciation speed and frequency. In this
paper, we propose nor-voice rejection method 1o perform voice/non-voice classification using both YIN based
fundamental frequency (F0) extraction and reliahility in preprocessing. We adopted a multi-template dictionary
and acoustic modeling based speaker adaptation to cope with the pronunciation variation of inarticulately
uttered speech. From the rccognition tests conducted with the data collected in real environment, proposed
YIN hased fundamental extraction showed recall-precision rate of 95.1% bhetter than that of 62% by cepstrum
based methed. Recognition test by a new system applied with multi-template dictionary and MAP adaptation
also showed much higher accuracy of 99.5% than that of 78.6% by baseline system.

Key words: Speech recognition, Non—voice rejection, Voice activated powered wheelchair, Inarticulate speech

ASK subject classification’ Speech Signal Processing (2.5)
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Table 1. Multi-template dictionary for inarticulately uttered

speech recognition.
Command Template
hidari hida ri
hidari darig
Move Left hidari hihiida ri
.« 25 other
Move Right migi migii, - other 15
Move Forward mae ma’ ae, - other 13
Move Backward koutai koutai, - other 3
Stop ah a:, - other 5
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Table 2. Used microphones and their sampling rates.

Type Model Sampling rate
| _Headset | Audio-technica: AT810X 16 KHz
Bone . -
conduction Sony: ECM-TL1 16 KHz
Pin PAVEC: MC-105 16 KHz |
Bluetooth Sonorix: OBH-0100 8 KHz
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Table 3. Analysis of the number of recorded data.

. Owner's Other
Type Voice Noise other eople’s
e command utterances u’tjter:gnces
Headset 426 65 76 12
Bone
conduction 405 339 88 286
Pin 399 21 90 361
Bluetooth | 337 22 64 62
Total 1567 A47 318 721
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Table 4. Confidence threshold analysis of four types of
micro-phones with the best recall-precision.

Bone :
Headset conduction Pin Bluetooth
Cepstrum 3 2.5 1.5 2
YIN 0.05~0.1 | 0.06~0.08 | 0.07~0.1| 0.08~0.1
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Fig. 12. Recall-precision curve for non—voice classification
using cepstrum method.
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Fig. 13. Recall-precision curve for non-voice classification
using YIN.
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Table 5. Analysis condition and data.

Sampling: 16 KHz, 16 bits
Window: 16 ms Hamming
Frame shift: 10 ms

Preprocessing

Features 24 order of MFCC & 2 order of power
Based DB JNAS Female 10390 sentence
Type of

microphones Headset

2211 words (12times)
(include data recorded in field and
noise environments)

Recorded data

96 words from 5 times of recorded
data

1334 words from 7 times of recorded
data

Adaptation data

Test data
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Table 6. Recognition accuracies according to the number of

adapted words.
Number of Adapted words

Models BASE
LINE 12 24 48 96
Monophone 7891950 )| 952 | 966 1 96.6
Triphone 518 | 765 | 91.3 | 97.9 | 99.0
1000-state HMnet | 88.2 | 97.4 | 98.0 | 99.0 | 99.0
2000-state HMnet | 78.6 | 97.2 | 986 | 99.3 | 994
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Table 7. Recognition accuracy of 2000 state adapted HMnet
model with multi-template dictionary.

Mix. | Baseline Mutu.—Tem Adapt. Mg":g;gp‘
1 614 94.2 97.8 98.4
2 78.4 95.5 98.8 991
4 771.9 94.6 98.7 99.2
8 804 943 988 89.3
16 78.6 93.8 98.6 995
32 75.1 91.2 98.4 939.4
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