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A Variable Parameter Model based on SSMS for an On-line
Speech and Character Combined Recognition System
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A SCCRS (Speech and Character Combined Recognition System) is developed for working on mobile devices such as
PDA {Personal Digital Assistants), In SCORS, the feature extraction is separately carried out for speech and for
hand-written character, but the recognition is performed in a common engine, The recognition engine employs
essentially CHMM (Continuous Hidden Markov Model), which consists of variable parameter topology in order to
minimize the number of model parameters and to reduce recognition time, For generating context independent variable
parameter model, we propose the SSMS(Successive State and Mixture Splitting), which gives appropriate numbers
of mixture and of states through splitting in mixture domain and in time domain, The recognition results show that
the proposed SSMS method can reduce the total number of GOPDD (Gaussian Output Probability Density Distribution)
up to 40 0% compared to the conventional method with fixed parameter model, at the same recognition performance
in speech recognition system, .
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Table 1. Analysis conditions for speech/character data.
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Speech On-line Character
8 KHz Sampting, 16 bits 100 samples/sec smoothing
Preprocessing 16 ms Hamming Window size/position normalization
5 ms frame shift distance resampling
12 MFCCs, 1 Power, 2 Absolute XY positions, 2 Angles
12 Delta MFCCs, 1 Delta Power,
Feature 2 Curvatures
12 Delta Delta MFCCs. 9 Modified bitmaps
1 Delta Delta Power
DB KLE Korean Words KAIST Karean Written Characters
Mode) M Mixture Variable Parameter CHiVIM

v O
N

Recoguition rate (%)
O O
£ w

NeJEN e}
N W
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Number of GOPDD
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Fig. 10. Comparison of recognition rates between fixed parameter models from 3 states (S3} to 6 states (S6) and variable

parameter model by SSMS.
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Model | $3 S4 S5 S6 | SSMS
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E 3. SSMS, MLC, BIC 714t 24 x0| of (#M: E¥4 #S: HEfP)
Tabel 3. Examples of model topology by SSMS, MLC, BIC Model (#M: number of Mixture, #S: number of State).

SSMS Model MLC BIC

Phoneme . i 2 3 4 5 6 #S_4M #S_4M
9 5 1 2 7 5 6 - S6_M8 S5_M9
. o~ 4 7 5 6 4 " - S3MIB S3_M16
o 3 5 7 6 . . . S3.MIB S3MI5
- n 3 6 8 T . - - SIM16 S3M16
d 4 4 4 7 5 - - S6_M8 S6.M8

c a~ 4 5 6 5 4 . - S6_M8 S5.M9
a+ 1 6 6 5 5 - - S3MI6 S3MI6
_ P 5 5 5 4 3 4 - S3MI6 S3_M16
| 3 7 9 7 - . - S3MI6 SIMI5
. M 3 6 i 9 - - . S3MI6 SIMI2
b 4 7 5 5 5 : - SA_M12 SIMI4
" b~ 4 5 5 4 5 - - S4_M12 SAMU1
b+ 3 6 7 6 - - - S4_M12 S4_M12

s 3 3 10 7 - : - S6_M8 S6_M7
o pos 3 5 9 9 - - n S3_M16 SAMI5
- 2 6 4 2 2 2 3 p S6_M8 S6_M8
= 3 7 5 6 - - - S6_M8 S5_M9

= oh 6 5 3 4 2 2 2 S6_M8 S6.M8
= X 2 7 5 4 5 . . S6_MB S5_M9
= " 3 9 4 6 - - S6_M8 S6_M8
= 0 2 5 3 6 5 - . S6_M8 S5_M10
. hh 4 4 5 5 4 - p SAMI2 S4_M12
hi~ 3 9 8 5 . - . S3_M16 S3MI5
T 99 6 7 4 4 3 3 2 S4_M12 S4_M12
= od 5 7 4 5 4 3 - S6_M8 S6_M8
e bb 5 7 4 3 3 3 . 6.8 S5_M9
= P 6 6 9 2 2 2 2 SE_M8 S6_MB
P 2 5 6 3 2 1 i 2 S6.M8 S6_M7
} aa 3 3 7 8 . : - S4M12 S4_M11
1 axr 4 3 6 7 7 - - SAMI2 S3MI5
. a0 3 3 10 10 - . . S3.M16 S3_M16
- uh 3 5 8 12 - - - S3MI6 S3MI5
= 0 3 6 9 10 - n . S3_M16 SIMI5
] ih 3 2 9 T - - - S3M16 S3M12
m ae 3 4 7 8 . - - SIM16 S3_M14
3 eh 3 3 7 1 - - - S4M12 SAM1
k ja 2 3 2 3 7 - - S6_M8 S5.M9
1 v 3 7 s | 7 . . . S4_MI2 S4_M1 1
m jo 3 2 3 6 - - - S4_ M2 S3 M4
- u 3 7 5 7 n - . S4_M12 Sa_M11
3 wa 3 5 6 8 . - - S4_M12 S4M12
- W 3 7 5 2 - - - S6_M8 S6_M8
a4 | wer 4 5 5 7 8 . - Sa_M11 S4_M10
A | we 3 5 7 9 - - . S3_M16 S4_M12
- wi 3 5 7 10 - - = S3_MI6 S3MI5
.4 | e 4 5 5 5 8 - - S4_M12 SaM12
3 Wir 4 3 3 5 7 . - S6_M8 35.M9

Total #GOPDD 987 2252 2131




H 4. DT-SSS 7|8t HM-net 2o CIAlR ($#GOPDD}
Table 4. Recognition rate of HM-nel based DT-SSS (#GOPDD).

0 Q‘ 1 2 4
300 | 9528 (300) | 97.42 (600) | 98.08 (1200)
600 | 97.49 (600) | 9820 (12000 | 98.71 (2400)
1000 | 98.01 (1000) | 9867 (20000 | 98.97 (4000)

2000 | 98.75 (2000) | 98.75 (4000) | 99.19 (8000}
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