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A Study on the Voice Dialing using HMM and Post
Processing of the Connected Digits
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ABSTRACT

‘This paper is study on the voice dialing using HMM and post processing of the connected digits,

HMM algorithm is widely used in the speech recognition with a good result. But, the maximum likelihood esti-
matjon of HMM({Hidden Markov Model) training in the speech recognition does not lead to values which maximize
recognition rate. To solve the problem, we applied the post processing to segmental K-means procedure are in the
recognition experiment.

Korea connected digits are influenced by the prolongation more than English connected digits, To decrease the
segmentation error in the level building algorithm, some word moedels which can be produced by the prolongation are
added. Some rutes for the added models are applied to the recognition result and it is updated,

The recognition system was implemented with DSP board having a TMS320C30 processor and IBM PC. The refer-
ence patterns were made by 3 male speakers in the noisy laboratory,

The recognition experiment was performed for 21 sort of telephone number, 252 data. The recognition rate was

6% in the speaker dependent, and 80.5% in the speaker independent recognition test.
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Fig. 3.1 (a) The waveforms of isolated digits fsam/, filf, fo:/
(b} A waveform of a connected digit /samilo :/ pre-
senting the prolongation
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Table 3.1 The prolongation in the connected digit speech
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F71e 2 g dsf AuHA nYWAE T Segmen-
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¥+ /48 [3/22 2EEY.

N. 48 % &
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AAe FAQ L oS @
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Ve AT BFE HAS 2237] 4 Ao}, AL &
g mejste 44 Q43R gt 2L 10709 4
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(&, ] Solth. A% 428 Aesty) fl8l 7 =

79

452 /12/. 62/ T Ego2 RH 5% ¥F(hand
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2 d¥o A8 94 A EFE AHe Ad 90
dEd B A7do A3d Ae2A AL dojd
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£ Fajof ). o)A NEF[5]e} 3 4 GDNE Y
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Table 4.1 Selected word models with prolongation

2 1 1 2 3 4 5 6
T & gl 1 eli] 4 [sam] A} [sa] 2 (0] & [yuk'] |
2 4 7 8 ] 10 11 12
oo A el 7 [phal] 7 [ku] F [kop] d.2(il-r) Fr-olyuk]
2 9 13 14 15 16 17 18
& X-alcMr] | alphar] = [mo) uj [mi] 2 [mil] o [e]
395 27 A2 N =3 82 %3 8 %18 29 =162 7
BFa2dd 235 ¥ 4"
Table 4.2 Reference patterns for the connected digit
AAE g} & A 3 4 2 9
1 512-0257 29-goloFo] 23 5 11 2 18 10 2 5 7
2 630-1349 & A-gold A 6 3 10 18 1 3 4 9
3 745-6780 HAL A&V HY 7 4 5 18 6 7 8 10
4 826-9318 -2 o] - ol AR B 14 2 12 18 9 4 17 8
S 904-0371 patAbel g iA]-a g 10 4 18 10 3 13 1
6 910-2338 Y geflol gy g 1 10 18 2 3 8 8
7 843-4616 G oAb S 8 4 3 18 4 12 1 6
8 729-5522 2]-z o)l £ 2 o] o) 13 9 18 5 5 2 2
9 607-7641 FA- = A &2 6 10 13 18 7 6 4 :
10 358-8736 A2 )-a ol § A4S 4 15 14 18 8 7 3 6
11 153-0599 ol-a Al RO 11 5 3 18 10 5 9 9
12 270-9483 o] A z-oll A A 2 7 16 18 9 4 8 3
13 396-0011 A FELY 3 9 12 18 10 10 1 1
14 408-6281 Al -z ool 4 10 14 18 12 2 14 1
15 689-6542 FZollf- 11 2. 4}0] 6 8 9 18 12 5 [ 2
16 209-1921 o} g oY FeolY 2 10 9 18 1 *] 2 1
17 147-3324 A ALA)- & o)) FAFo| Ak 1 4 13 18 3 4 16 4
18 986-5066 FHE- 2T EHR 9 8 12 18 S 10 6 6
19 569-1775 2t AL B2 2 5 12 9 18 1 7 13 5
20 795-9785 Fr2dFdFdas 7 9 5 18 9 7 4 5
21 448-1234 ARAFE- 2 ol - a o] A} 4 4 14 i8 I1 2 3 4
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BRTIFESE $14% HOW(1995)

0 » R>é
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1 , R<O

Bw : within class constant
R :near—mijss constant, score Z}o[7} 22 Hlole}e]

dFge

R=R{y|a/x) =logP(yix) —logP(yix) (3D

124 dloje B&Y ye T categoryel 24 i}
T} & category 24 joll 3§ N& of 7 FE e

Aol
@ & (Bl 9, 2fA) =7(y, AfA;) X n{bim] ¥, X)
(3-8
0 ., R>é

1 , R<ag
88 : between class constant
R=R(y|a/x) =logP(y |y} —logP(y|x) (3-10)

422 03 & dE EN

27) % o A4 d 4% A2 V4 &3} Seg-
mental K-means 3Hg Qo)A BAsle do] EEE
£ N2 A" 2do) A AL 9o AN Eo)ch 2H
(4] WYY ES2F d8-F AHESIY I Segmen-
tal K-means 859 2 @A st @5 =
2+ A4l A1gE dlolele & 1267¢) 18F doi,
Ado] A4l AHE8 dolele & 256709 21F Wk W
3 gHo2 Ao &% HPANN Yol ES HYE 2
R EdL=

E 4395 248 A4 48 439
Table 4.3 Isolated digits recognition result

Bw BB A B (%)
1.0 1.0 81.0
0.0 0.01 91.8
0.02 0.01 93.8
0.001 0.001 90.8

H 449D EZ A4 49 A3
Table 4.4 Word token recognition result

Bw A A2 E (%)
1.0 1.0 75.9
0.01 0.01 91.0
0.001 0.001 87.9
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Table 4.6 Recognition result with postprocessing

Aswis | 9yF3} AgNE | g
1 | 5120257 | 5110257 | 12 | 270-9483 | 270-9483
2 | 630-1349 | 630-1349 | 13 | 396-0011 | 396-0011
3 | 7456780 | 7456780 | 14 | 4086281 | 4086281
4 | 8269318 | 8263148 | 15 | 639-6542 | 689-6542
5 | 9040871 | 904-0371 | 16 | 2091921 | 2092791 |
6 | 910-2388 | 910-2388 | 17 | 147-3324 | 1473324
7 | 8434616 | 843-4616 | 18 | 986-5066 | 586-5016 |
8 | 7205522 | 7291152 | 19 | 5691775 | 5601775
9 | 607-7641 | 607-7641 | 20 | 795-9785 | 7952785 |
10 | 3588736 | 358-8786 | 21 | 448-1234 | 4481234
11 | 1530599 | 153-0599 o

BA47 343429 Ay
Table 4.7 The recognition result in speaker dependent

s A1 HA1 | A2 | #13  F §

AHE 93.9% 93.1% 87.8% 91.6%

HEA834 S 43 a9
Table 4.8 The recognition result in speaker independent
g & | g1 | #x2 | 843 | & &

ANE | 8% | 794% | 79% | 805%

() 14| 1l /358-8736/

T2 4.1 (a) F4 312) gL @ level building 73
(b Fx2] & o level building ¥+ 3
Fig 4.1 (a) Segmentation based on a level building without
postprocessing
{b) Segmentation based on a level building with
postprocessing
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Table 4.5 Recognition result without postprocessing

[ [ asms [ 9yas A8 [ 94w
1 | 512-0257 | 511-0257 | 12 | 270-9483 | 270-5483
2 | 630-1349 | 630-1349 | 13 | 396-0011 | 356-0011
3| 745-6780 | 745-2780 | 14 | 408-6281 | 4086287
4 | 826-9318 | 816-9318 | 15 | 689-6542 | 689-6542
5 | 904-0371 | 904-0377 | 16 | 209-1921 | 208-1922
6 | 910-2388 | 910-2388 | 17 | 147-3324 | 847-3324
7 | 8434616 | 843-4616 | 18 | 986-5066 | (86-9066
8 | 729-5522 | 729-5222 | 19 | 569-1775 | 569-2775
9 | 607-7641 | 607-7641 | 20 | 795-9785 | 795-9785

10 | 358-8736 | 458-8736 | 21 | 448-1234 | 448-1134
11 | 153-0599 | 153-0595
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