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A Study on Speech Recognition Using the HM—Net Topology Design Algorithm
Based on Decision Tree State—clustering
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In this paper, we carried out the study on speech recognition using the HM~Net topology design algorithm
based on decision tree state—clustering to improve the performance of acoustic models in speech recognition,
The Korean has many allophonic and grammatical rules compared to other languages, so we investigate
the allophonic variations, which defined the Korean phonetics, and construct the phoneme question set
for phonetic decision tree, The basic idea of the HM—Net topology design algorithm is that it has the
basic structure of SSS (Successive State Splitting) algorithm and split again the states of the context—
dependent acoustic models pre—constructed, That is, it have generated the phonetic decision tree using
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the phoneme question seis each the state of models, and have iteratively trained the state secquence of
the context—dependent acoustic models using the PDT-SSS (Phonetic Decision Tree—based SSS) a gorithm,
To verify the effectiveness of the above aigorithm, we carried out the speech recognition experiments
for 452 words of center for Korean Language Engineering (KLE452) and 200 sentences of air flight
reservation task (YNU200), Experimental results show that the recognition accuracy has progressively
improved according to the number of states variations after perform the splitting of states in the phoneme,
word and continuous speech recognition experiments respectively, Through the experiments, we have got
the average 71.5%, 99.2% of the phoneme, word recognition accuracy when the state number is 2,000,
respectively and the average 91 6% of the continuous speech recognition accuracy when the state number
is 800, Also we have carried out the word recognition experiments using the HTK (HMM Toolkit) which
is performed the state tying, compared to share the parameters of the HM—Net topology design algorithm,
In word recognition experiments, the HM—Net topology design algorithm has an average of 4,0% higher
recognition accuracy than the context—dependent acoustic models generated by the HTK, implying the
effectiveness of it,
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Fig. 1. An example of HM-Net models.
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EAg ko] JelEolAl yesFH noSo] EE= E
A9} A gEE S ol 83t Tkt S7IdE A
E&o] AFolA Aol oigeAZE HkeA] gt
7173& Bt Hze] Fupdee) F28-& HEsht AsA
8 Ael= ol (Bo] ¢ X349 3412 A7t
La3g, of 7Hgel o3 A4S Bol ¢ + At

B, APk e R Aol e 3 S
Al 2T AE Y AR M 24 d AL EHER,
U e 23 setu|e § A2 Aol BABR:
Aoz F8o 9% F= RE AW EXEE AR
t}. ol& $3 2 ot AU 4] AT,
2| Zo] Aejearg el ot 2¥AE e (B
) B7F g, 8 439 2ol YojA JdE £
ATE 72 At F5E wgchd aoA ZA47L
57 gt

IvV. QMY 3 nE

41. 24 Yol ¥ 2HFA

FYo)E S 2sl7] 213 AgE 2/dulol
B FoTHAE (KLE)9| Dol & d749 3
39 ofloFEd 20027 (YNU200) A48 wjolEj o]
28 AMgdlgch S¥EEY SEE A9 452 HoiE
35730 18] L33 15,820H12} 20027842 80| 13
9% 1,600 TS YR DL S5 AMEE
Ack. B7h8 24 dlolBle &4 R Dol B3
af A71HA g2 Tl FEIE (KLE)Q) 30| 13 &
A% a52kol & ARNGSIEL, Q42U B Ee
o] F7HA31A} 2 439 200878% ARE3ISlTt AHE
&4 dlojEiel&E & 1o VEuigict,

& 20f) viehd Aat Zo] BE &4 d|oE = 16 kHz9)
AEY3} 16 vits2 FASFeH, 1-0.9727'9 A
42 ZfEHAA oD, 25 msd] Y =
& It 10 ms¥ o|FFFAA BA3IGH. ©lE 3

E 1. 84 4og Ho)2x
Table 1. Speech database.

Al SARA, Tofo a e -
Gio[E1S KLE452 YNUZ2Q0
g ciof 5
£l sy | 3y 8y | 43

CloV/ R34 452 200
W 1
L EE ISR
A HgESgEA
E 2. 249 #MxH
Table 2. Analysis condition of speech.
Sampling Frequency 16k

Resolion 16bit
Frame Length 25ms
Frame' Period 10ms
Analysis Window Hamming Window
Pre-emphasis 1-0.97z"

s e | P e
“Normalization Cepstrum Mean Normalization

&4 53 seju|El= 123 LPC-Y FAEY At A
T i oy R|of 13} 9 23te] A2 8-S 23S}
o ¥ 3oxte] B4 meiulelE ¥3h3ct.

4,2, Y9 2x gl 3¢
B =FollA AR 34 & 39 vield A} Zo]
LARS AT (PLUs) 2 548 (i) X3l 4894E

B 3. 48702 RARZATY
Table 3. The definition of 48 phoneme likely units.

¥ - 8239
aa fOF |ax /O |a0 /®/ |uh /&
U /o |ih /O |ae I/ [en A/
2 F|ja OV |Nv OV |jp /2 | A
wa /o | w /9 | wE /o |we /el
w oS/ [e A/ |E AW Y
b~ /u/ | d~ fof |9~ /[ |2~ /A

b A | od /s (@ /W |z /I
AEtp /o |t /e |k [fA | /A
s /N | ss /W | th~/s/ v [af
n /| m faf |ng fof

b /m |d /fof g /[ |z /A
hh /&/
bt /M | di =/ |9t /| f2f
sil

%

Ho | of
Dio [ &
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RGBTy, Al BeAEIo] O 2ARA B MM AR Eh

YL M40t FHGAE Tole triphone ZUE HM-Net 271298 22E 7 g4t o) 4
SHEC) WA SR GY 7HeA BEY riphone B T 57 HMME YR AFstel U A A
WL et F AT B 2l Qolo et H A HM-Net 292 o835tk Baue AEgelA
48 1.60] TR 7 tiphone PG AT o] AT 84 Wojo] A E aof ekl 2] Wo|
o 2 2ho) Ao ol 64, A4 Zols sz & ERE-19) g3l B 162 BF Ry F,

# 4. $=0| HO[& ERE
Table 4. Korean allophonic variations.

2e & A
= aathuhaeehaojajiviojujwawwEwew Warumnngr|
L= aafhuhaeehaojajvjojujewaw wEwew W axr U
x4 gk ih ae en
e wEwew
iore Hl@e aa axr
| =4 PV
H| Rz axr U
¥l kit uh ao
B 5 ih uh jo ju
a 43| SR (45) apehaojview wEwew Waxr U
(K aajawa
el=i= ihuhwi U
snes eh ao wE we axr
& Szl o ae
Xeg aa axr
IS i ae eh a0 WE we Wi
FHEEUK Vasw] = thu
d; aa ao axr
Hes aaihuhwi U
BW= HH2S eh WE we axr
W22 2 ao
sz wawibb~ blbbpm
by ES dd~diddtnsssrl
=35 A2 jazz~ zch
T wawWag~glogkng
HER hh hh~
2IRE bb~bldd~ dl gg~ g1
xt oIgEs | woR& ptk
2185 bb dd g9
o FIRE zz~
- il IR | ®I8E z
= BE ch
FIAS s hh hh~
IS B2 ss hh hh~
Bl = mnng
7 r!
Rl jawawi Wi

= =

sil
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391 B 32.3%8 VFER 2 Qlct, 232 EHYE I7F
2 ej¢] HM-Net triphonee]] thal|l A= Alej4 2004 o
Bt 47.3%, el 2,0009 o B 71.5%F ERL
et BUEY 232 @2t e 2,000 Wel 2ue]
& 233yt 244 EE Y| 23HH HM-Net 722
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S v 231 B 24,292 JIAE FHE 2oj2 Yo,
223 BulolE Snde] A Al Ao

F7I B4 AHES ol FERS € 4 Ut

2% 5 oI BN E FU 5 SFREU B+
013 8HAE (KLE)Q| W/dabat 3¢l 8+t 92.1%& Vet
W, Buele SRRl HM-Net triphone®] el
7+200% W) B 96.4%, =71 2,000 o Ht 99.2%
9] oA &S e Yok, 28 soAE S5
23} 9} HM-Net triphone 881 AMEl4: 2,000
< ]9} HM—Net triphoneS: 0]-83t 7397} ¥t 7.1%2
AAE FHE Holx giok. BF HM-Net 7224 &
2E & f23E AR 948 DA A HFA AL

80
70
G 60
‘gﬁ 50
o4 40
o 30
20
10

B HM-Net triphone
B HVIM monophone

mono 200 400 600 800
#3249 % Jas

38 4. M40 e SXISE SACME
Fig. 4. Speaker independent phoneme recognition accuracy
according to the number of states variation.

_ BHVERN phore
A HikKrptome
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G| A T(%)

% d E - L i) i
mono HIKei 20 400 60 &0 100 120 200
SYrLd 2 e

O3 5, M40l e Hxl58 Ho{fldE
Fig. 5. Speaker independent word recognition accuracy
according 1o the number of states variation.
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Fig. 6. Speaker independent continuous $peech recagnition
accuracy according to the number of states variation.
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