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Lombard Speech Recognition Based on Voiced Sound Detection and Application

to the Fabric Inspection System in Factories

Sukeyasu KANNO' and Tetsuo FUNADATT

oooo

ooooooOoOoooooooooOoOO0O0O0bOO0oOoOoooOooooboOoOoOoooOooOoOoOO0000

gobooooooooobooooOoOo0oO0o0ooooOoOoboOoOooOooooboOoooOboOoOooOoooooOobOOoOoboOooOooo

goboobo0oooooboooobooOoooooOooooooooo 3DDDDDDDDDDDED 120000000
goooooowsbOooooOoooooooooooooooOooOoooooooooooooooooboooo
ooooooooooooOoOoOooOOOOOOOOOOCOOOOOCOOOOCOCOOOOOOOOOOOOO
oooooooOoooooooooOoOooOoOboOooOooOoOOOOOOO0OOOOOObOObOOOOOOOOObODO
OoopooooOoOoooOoooooOrs0odBADIOODOOOOOOODOODOOOOOOO 61000000
000000000000 o00 LA ODo0oD0o0o0oo0ooooooooooo

oooao

1. 0O00Ogd

ooooooooooooooooboooooooo
goooboooocooooooboooooooooon
gobooobooooooooooooooooood
goboobooooooooooooooooobooboOod

goooooodooooooobooooooooon

goooooooooooobooooooobooo
goooooooboboboobooooooooboooo
gbooobooboooooooboooooboboooboo
gobodobooobooooobooooboooooon
gbobooboboooboobooooooooboooon
goooooooooooooooooooooon

goboooooooooooooooooooooao

gobooooooooooooooooooboooa
goboooooooooboooooooooboboboo

foooooooooooo
Industrial Research Institute of Ishikawa, Kanazawa-shi,
920-0223 Japan

ffooooooooooo
Faculty of Engineering, Kanazawa University, Kanazawa-shi,
920-8667 Japan

gooo0o0ooooooooooOoooooOoOoOoboOoOoooo

000000000000000000000000
0000000000000000000 1000
000000000000000000000000
000000000000000000000000
0000D00000000000000000000
0000000000024 0000000000
000000000000000000000000
0000000000000000000000000
000000000000000000000000
0000000000000000000000
00000000000000000000000
0LPCOOOO0D LPCOOODOOOOOO0DO00O
000000000000000000000000
00000000 [5000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000D00000000000 (5000
LPCODO0O0OOOODODOO0DO000O000O

0oooooooooo D-II Vol J85-D-II No.5 pp.851-862 20020 50 851



0000ooooooo 2002/5 Vol. J85-D-1I No. 5

0000000000000000SIFTO00000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000 000000000000
0000000 (6014 0000000000000
000000000000000000000000
00000D0000000000000000000
000000000000000000000000
000000000000000000000000
000000000 000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000
0000000000000D002 000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000

gboooooooooooobooooobooooooo

goboooooooooooooboOoooobooo
goboooooodooooooboooooooooa
gooooooooooooooooooooobooa
goooooooooooooboobooobooobooo
goooooooooooooboooboooooboo
goooobooooooooooboooooobboo
gbooooooooooooooooooooboobooo
gooooood

gbooooobooobo2. 00ooooooooooo

goobooooooooboooooooooodooaoas.

goooooooooooooboooood4. 00O
gooooooooooooooboooboooooa
gos.0oooooooooooooooooooo
gboooooooboooodgbe. OOoOooODOO
goooooboooboobooooobooobbooo
goobobooooboobooobooooooboooba

oooooooooooooobooooooor. O oe.

gbooooooodoooooooboooooboooo

852

ooooooood

2. 00oO0oo0ooooooooobooooo
go

00000000000000000000000
000000D000000000000000000
000000D0000000000D000000

00000000000000000000000
0000 ([60000000000000000000
0000000 ([20[4),[7000000000000
000000000000000000000000
000000D000000000000000000
000000000000 [4,[70[14000000
000000000000000000000000
000000000000000000000000
000000000 0D00000000000000
00D00000000000000000000000
000000000000 D000000000000
00000000000000D0000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000D000000000000000000
0000000 [140000000000000000
000000000000000000000000
000000000000000000000HMM
0000000D00000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00010000000 1000000000000
000000000000000000 30010000
ooooooooo

000000000000000000000000
0000000000D00000000000000
000000D000000000000000000
000000000000000000000000
0000000000000000000 DPOOO
0ooooooo



gobobooooooboOoooobOooOoboO0OoOooOoOooOooOooboooooboon

s reo _Jaemamx | me s

BHOFEE | Mokl T ok
1

smETco | ArnEK B R

APER T Mokt _4@§Zﬁw

DPIZ L5

Wi R D < HERW

01 0000ooo0oooooooooooooo
Fig.1 Block diagram of a proposed method for
Lombard speech recognition in factories.
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Table 1 Speakers and pitch frequencies (Hz).

oo A B C
ooo 00 | 110~180 | 100~140 | 90~120
od 160 125 110
ooo0O |00 |170~280 | 140~220 | 120~190
od 260 200 175

Aﬁ%%l
A/D
(BT 7TV )

¥
Ve DAY
(EIRY 7V v o)

¥
K5k LPC 5347
R FWRRRSY
|
25 FRIEE F%5
INTJ — INTJ — N —

————— |

&35k LPC &35k LPC #H1E
A (QuL) wEE (Quw)

02 LpCcOO00O0OO0OOOO
Fig.2 Block diagram of calculation for LPC
conformity degrees.
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Zn = Yn + Z @ijYn—j, (n>p) (1)
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Table 2 Analysis conditions.
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Table 3 Comparison of word recognition rates (%)
between the distance measures when using
utterances under noisy environments as ref-

erence pattern.
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Table 4 Comparison of word recognition rates (%)
between the distance measures when using
utterances under clean environments as ref-
erence pattern.

(a) In the case of voiced sound based word period.
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Table 5 Relationship between word recognition

rates (%) and the limits of unconstrained
endpoints when using utterances under
noisy environments as reference pattern.
Q:Qr w, S:SIFT
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oo 00 +25ms +50ms +50ms £100ms =+100ms
CEP Q [78.3 79.4 79.7 78.3 4.7 71.9
CEP S [74.7 75.8 76.4 75.8 74.2 70.8
RPS Q |85.8 86.4 86.1 85.8 85.6 81.1
RPS S |81.1 82.2 82.5 82.5 84.4 81.1
WGD Q[88.3 88.9 89.4 88.6 87.5 84.2
WGD S (82.8 83.3 84.4 84.2 85.0 83.1
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Table 6 Relationship between word recognition

rates (%) and the limits of unconstrained
endpoints when using utterances under
clean environments as reference pattern.
Q:Qr,w, S:SIFT

(a) In the case of voiced sound based word period.

oo OO0 +25ms +25ms +50ms +50ms =£100ms

oo OO0 +25ms +50ms +50ms =£100ms =£100ms
CEP Q |67.8 68.3 69.4 66.9 64.7 61.7
CEP S |60.3 62.5 65.0 62.8 61.9 58.9
RPS Q [73.6 75.6 75.8 76.7 71.9 67.8
RPS S |67.8 70.0 71.9 72.5 72.2 66.1
WGD Q| 74.7 76.4 76.7 77.5 73.9 71.1
WGD S [70.3 72.2 72.5 73.3 71.4 69.2

(b) In the case of speech period including unvoiced sound.

oo OO0 —50msd00 —100ms0d 0 —150 ms0 0 —200 msO 0

oo OO0 0~50ms 0~100ms O0~150ms 0~200ms
CEP Q |57.8 66.1 68.6 65.3 64.4
CEP S |52.8 59.7 63.9 62.8 62.2
RPS Q |63.1 72.8 73.6 72.8 70.3
RPS S |57.2 65.8 68.6 69.4 68.9
WGD Q|62.8 73.6 75.3 74.2 73.6
WGD S (56.9 66.7 71.4 71.7 71.1
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Table 7 Relationship between word recognition rates

(%) and the limits of unconstrained end-
points when using utterances at 85dBA
through headphone as reference pattern.
Q:Qr w, S:SIFT

(a) In the case of voiced sound based word period.

oo OO0 +25ms +25ms +50ms +50ms =£100ms

oo OO0 4+25ms 4+50ms £50ms +100ms +100ms
CEP Q |76.7 78.6 79.4 78.6 78.1 73.9
CEP S |71.1 722 74.7 74.2 73.1 71.1
RPS Q |83.3 839 84.4 85.3 83.3 79.4
RPS S |77.2 783 79.2 80.3 80.6 76.9
WGD Q|85.8 86.9 86.9 87.8 87.2 84.7
WGD S [79.4 80.8 81.7 81.7 83.9 81.1

(b) In the case of speech period including unvoiced sound.

oo 00 —50msd00 —100ms0 0 —150 ms0 0 —200 ms0 0

oo OO0 0~50ms 0~100ms O0~150ms 0~200ms
CEP Q |65.6 74.2 76.9 77.5 76.4
CEP S |60.6  69.2 72.5 73.3 73.1
RPS Q |71.4 79.2 82.5 83.3 82.5
RPS S |65.6 73.3 77.8 80.3 80.0
WGD Q|71.6  80.3 85.3 85.6 84.7
WGD S|66.7  74.7 81.1 83.1 82.8

gooooboooooboooobooboooboooda
gooboodooooooooooooooobobood
gooooboooooooooooboooooboobood
gooboooooooboooooooooooooo
g3ooboooobobooooobooooooooon
gooooooooooooooooooooooo
gobooooobooboobooboboooboobooo
gboboodoooobooooooobooooboon
gbbobooobooobobobooboobobod
goboobooobobdobooboooooboooboooboooo
oooOosSNOODOOOooOoooOooooooooo
gobobooooooooooooooooooood
gbooooboooooooooboooooooboobood
goboooooooobooooooboooooooo
gbobooooooboooooobooooooooog
gboooobbooooooobooooboooooobo
gbobooobobooboooooooobooooboo
gobooooboobooobooobooobobobooobobOoo
gooooboooboobobuoooobooooon
6.3 D00O0O0O0OoOoOooOooooon
oooooQwooooooooooooooo
gboboooboooboooooboboooobobbooon
goooobooboobooooboboobooooboooboo

08 00000UDO0OUDUODDOODLOOOOO %O
0oo0oo0ooooooo0oooooo0oowah
ooo

Table 8 Experimental results (%) of word recogni-
tion based on weighted voiced sound period
in the case of WGD when using utterances
under noisy environments as reference pat-

tern.

Qv Qn—1 Qv Qn+1 Qv +2 QN +3
a=15,s=1 89.4 90.6 90.8 91.4 90.6
a=15,s=2 89.4 90.3 90.6 91.1 90.3

a=2,s=1 89.2 90.3 90.3 90.6 90.3
a=2,8s=2 89.7 90.6 90.6 91.1 90.8
a=25s=2 89.7 90.6 90.6 90.6 90.6
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Fig.3 Block diagram of the fabric inspection system
using speech recognition.
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Fig.4 Flow of feeding the name of defect by speech

recognition in the fabric inspection system.
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