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Rejection of Invalid Input Using SVM
based on BOW and acoustic features
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On a real environment speech-oriented information guidance system, a valid
and invalid input discrimination process is important as invalid inputs such as
noise, laugh, cough and meaningless utterances lead to unpredictable system
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responses.
Generally, acoustic features such as MFCC are used for discrimination. Com-
paring acoustic likelihoods of GMMs (Gaussian Mixture Models) from speech
data and noise data is one of the typical methods. In addition to that, using
linguistic features, such as speech recognition result, is considered to improve
discrimination accuracy as it reflects the task-domain of invalid inputs and
meaningless recognition results from noise inputs. In this report, the authors
propose to introduce Bag-of-Words (BOW) as a feature to discriminate between
valid and invalid inputs. Support Vector Machine (SVM) is also employed to
realize robust classification. Experiments using real environment data from
the guidance system ” Takemaru-kun” were conducted. By applying BOW and
SVM, the classification error rate (CER) is reduced to 15.90% , from 23.30%
when using GMMs. In addition, experiments using features combining BOW
with acoustic likelihoods from GMMs, SNR and duration were conducted, im-
proving the CER to 13.6% .
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Fig.1 Processing flow of “Takemaru-kun.”
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Table 1 Input data of “Takemaru-kun.”
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Table 3 Training conditions of GMM

HIAT) | KA 1053
Tt 6554
FH HRNFEF 3640
T2 MEINT) | % 29
BN 287
MEE 3318
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Ra 128
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Table 5 Result of invalid input identification by SVM

CER(%) | FRR(%) | FAR(%)

WERTFIE (GMM O KSR X D50 23.30 13.96 32.34
GMM 19.59 10.97 27.93

BOW (Wordlist: 3 =T®D AH) 15.94 18.14 13.81

SVM BOW (Wordlist: 5 Zh A S D7) 15.90 18.11 13.76
IZ k%5 | BOW(Wordlist: #5h A D %) 16.20 18.38 14.10
FE T 22.44 17.93 26.81

SNR 32.20 25.62 38.57
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DERBEOFERETHY, ERTFIELE LR L CER % 23.30% 725 15.90% (ZehETE 72, £72
GMM DFBJE 2 Kl & L= SVM & H~_T%H CER % 19.59% 75 15.90% ek T
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Fig.3 Result of invalid input identification by Multiple kernel
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Table 6 CER of training data and test data

FHF—5 | FALF—H
ek FE (GMM % A 7-a51) 18.83 23.30
SVM (GMM) 14.29 19.59
SVM (BOW) 7.71 15.90
SVM (BOW, GMM, Z&:5HEf#], SNR) 5.14 13.60

LT D E 9.7 RA V MHIBCETWA. 72, £ 6P T—4%, TA+T—4%® CER
g U7k R Z2 9. GMM OEE 2 HW254613 5% f}:f“toff“:”T H LT AR
F—%® CER D23 BOW #H\W\5% & 8% %%r“ CEBR-TWEE®, @EEREZ T
WHAEEMERE 2 5D, ZOREEES T O — 5”5»&%%3# LRI T
H5.
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LTS, 22T, ABTHHLEIARRTA—F Cy, C- Z% L, ZOFAR &
FRR ONT v A%EHEHE, FAR & FRR Oli F 282 2 L3 TERWPRADL. =
ARRGA=HC L Cy, O 2R (B)ITE-TEL, RNFTA—FELEBHIHH LITL-
THLNTo R E R 4 1R T.
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Fig.4 Transition of FAR and FRR using cost-parameter
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Table 7 Classification error rate of each category

Multiple Kernel+SVM

TANMIEEND PSR T15 SVM BOW, GMM,

T2 (GMM) | GMM | BOW FEahREf, SNR
HRNT) 3782 13.96 10.97 18.11 10.60
TR 926 25.49 20.30 16.41 12.85
F3 el AN 329 38.60 41.64 24.32 28.88
| B | BRoRVSE 907 50.28 47.30 19.18 28.67
B | % | EAKHEREIA 547 58.32 58.68 22.12 27.24
A | | A——Tu— 63 19.05 38.10 42.86 46.03
5 LAULR R 215 35.81 6.98 0 0
1% 30 10.00 0 3.33 3.33
ENy: 160 7.50 5.63 8.75 5.63
HeE 1395 12.90 8.67 3.66 5.02
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Epa= =Y raa=r— 2 O (WIFERESR S 1 19200009) O %321 T/T
b,
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