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Abstract Because the minority languages in China have their special characteristics, it is not suitable to directly adopt

the traditional automatic speech recognition (ASR) methods which are used for some major languages, such as Chinese,
English, Japanese, etc. In this paper, we take Mongolian (a resource-deficient language) as an example and build the
acoustic and language models for applying the ATRASR system. In this paper, we specially focus on the language modeling
aspect by considering the special characteristics of the Mongolian. We trained a multi-class N-gram language model based
on similar word clustering. By applying the proposed language model, the system could improve the performance by 5.5 %

compared with the conventional word N-gram.
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S0, HAR AR HMIAT H TR e SOIRFE
MR T, AHE AT A E AL, 38
IR + R+ A EER . SEhs ETTRE R
—ANEIEA). XTI IS, BT /in
the room/ /i) + 3 R 37 Class N-gram
WS B R G SR i AR, S EORIA; 2) fE
XEEF AV M (443 TR 3hnE4E), H
¥ R AR A T IS 25 1] B 2R AN [R] T i) AR A
IR 5 17 5 18] A G R L Class N-gram 158
Mo 2 RATERE A FIE Bk A S HUH A RCR.
PR, A S A TN B T 3K 2R AR AE DL A B
A BRI T 3 2R YU S g Lk B ]k
T ATR (Advanced Telecommunications Research
Institute International) 5 &R RS EIT TAE.
X TR (ST, PR AR B T D R R TR R R
T (Seed) W E A FY) /3 1H & TR
HI77 3% AT EEh i SRR, 3R AR T AR A AR
PRE U] S PR AR AL VAR v SCAS B 1 57 22 28 (Multi-
class) N-gram & 5 A8 ) TVE. A SCLA S i R
W RCE (Bt A HIARME A ) THB SR F U 1L
R, FEHEAN RGP ONE THE SR d L. JeT500
TEIRE AL, B L FHARBAA) S8 285 0 5 2 2K N-gram
B RS LE H A NICT (National Institute
of Information and Communications Technology)
] MASTAR (Multi-lingual advanced speech and
text research) VR FT P BT R SEILSE B X £
5 HIERIE (Speech-to-speech translation) HR4E
M EAT AT R

ARSCHE 1 TR B A A 5 TR U AN A
AR AR I8 5 307 — RS RAE R A 0. 5 2 77
W H R IR RS 1 5 W A AL B 323 281 1 2
RIPL S22 N-gram i 5 B B AR FE. 20
3 WA AL - WARTERHE. fJS/ESS 4 FIEE 5 Y
s HAS SR BRI EE B A SR DL RAE SR 6 9 ik
50 A R A,

1 XEIENERSGR

5% T T I RS A A 7 S 9 21 W 2 1] 1V %2 [
FR A, AT A T R S S R SR
WE P HBA 2 MR E. Bz RARIEERH
5 I8 FH I S0 R 0. BOAR 5 IXORA ] 34T & B e
IS RGP 5 B a8 550, (2 T AE
e S E S, AT I & B SE b B2 2
HE -2 AT s . & Al A S
S TR Z AT RBOR I 22 00, BT 5 10 78 V5
J¥ (SOV (Subject object verb) &5#4)) JEAAMH. 1E
rh ] 1) 52 b AT PR 5 A A D BRI TR
1.1 ARSH

PE T FH RIS, SEBRSR N FhE
WIGVE . BAnE . ERRIESE 2 RIKEGS. 1 H,

FiEAG R Ny BRI (Halha) 775 (R H),
W5 775 (Inner Mongolia) (FFE NS HIRX),
PR E (Oirat) (P EHT5E. M2 W10 -RRHE 5
) LA RA FAVAEJ7 7 (Buirat) (22 i FAE
FRIDOTE) &5 Jilgeih, SR AN L2494 850
PIPNERE R R

49073 (=~ 57.6 %)

B850 A

e ENSY mElE oHAMX
1 iEE NI B LA
Fig.1 Proportion of the local population with speakers

1.2 B XF

St R IAR B HTAAE FHan ke 2 o 3 Fgat
LA SO, B 2 4L 4e5¢ 3 (Traditional
Mongolian (TM)), #6283 (Todo) K #7153 (New
Mongolian (NM), 83 # Cyrillic 3L5).

35972, 25§~
ISt L
{13 17,
.xs?:jfi %g’gé
iifi gga“
14 £33 424 -

(a) f£HZL(TM)  (b) FkL (Todo)

HamH s1ep 29K Hb XYYXAYYAID

AyyAaXK aB4 P37 XYH 6ypa
HIKI97] CYM 6erd " Xyraji" raciHf
LI6M "Tac Tac' TI3T3J XyTalliraas.

(©) Frzsc (NM)

K2 P seARR
Fig.2 Digital versions by Mongolian

Forh, T™M BUAE T 2] rp B 500 X
Todo BLAE I [ 7 g A0 45 27 307 1 7R M o 46
DX, AHELEL TM, Todo SC7A47 5 TS  f THlas ik
BRAGRF R IOL KLY 70 SERTSEN [ th T TM SCF
SR 2% . ANSy 5 ST AR IR AL L EAE AT T, i i
FA T T B 30 - B 3 R S, IR 5 st el
ET NM, HETER T 500 B 2 kA3 2 i [ 1K) R
IRAE T AT LM S5 4t XA D AR S AL .
SO, AR B 1 SOA, bR 1 5 48 NM
3, BN E (RS RANE AN ) 2 AT SR X
gy AE TM h, — M A i i ([ e ) A
(e — ShEIARARA) AU, B 50, XA
FHETLUERAR + W + BEOE + nidsE2
MR RHA (WLHE 3).
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Fig.3 Phrase form in Mongolian

1.3 REIFE

B 4 520015 DB 9 NG I kS A R 08,
M5 R 6 43 54 52 0 T R 7 5 R
R TSR T A TCE RIS R F - Fy, /A0
B0 (- Lhe, el 7 R T HASE 5 ANt
% (Ja,e,i,u,0/) MFHRIGHE F, — F, 404 05),

Front Central Back
Close ylu]
Close-mid o[o]
Open -mid
Open [a]
43 SRS SR G ALE K
Fig.4 Articulatory pattern of Mongolian
20001
1600
o
1200
800
300 400 500 600 700
FI
K5 WRRTTERE FL— F 204K (0 =¢8)

Fig.5 Fy — F5 distribution of seven vowels by Halha

2000
1600
"

1200
800

300 400 500 600 700

Fl
Ke DBhfsisks FL—F /A

Fig.6 Fy—F5 distribution of seven vowels by
Oirat dialect

L T UL, B OGE fa, i) R
IrATFEASARL. 1 S T ORI 5 E R0 =
&/, DA J5 5 R o/ F oy mliE T HATEK
Je,of . DRAFTTEREW /1) FARULT HASE Y
Ju/ TGRS T /U, 6, u/ A E S
FE—ik, X516 M7 T A A BRI 2. 5
TIXFERILEAL, TATHT UG, AR S R G
o IE 2 TR AN BEAH L 78 o. Jr AAE P 2 B (g g 37
WNINPG REVE 5 I E 7R S IR . T AR R
(R ANFEA SO i, BATIAE AR S8 S BL AR 3 A
fiaj A 4.

3000 Formant of Janpanese vowels (male)
2500
2000 [

o

1500
1000 [
500 [

0 0 200 400 600 800 1000 1200

Fl
K7 ARERS FL-F 240K
Fig.7  Fy - F> distribution of five vowels by Japanese

1.4 FHEIEE (Agglutinative language)

AR N TR R, 8 TR
HAF AU 1) AT ZE (Morpheme) #4168 HE A&
Bemitaia; 2) W (Root/stem) [E g A 3) a4
WA (Suffix/affix) #408iA; 4) 6 2 n] BU%E
T RUNAT BRAZ A, AT AR 1] S5 5) HH T R I
AN[R] T Ji5 285 ] ) ] M 5% 4 0% R Ok AR AR A — 1] (AR
DO T IXRRE L, AR ST U R G, S
VB T AR (1) g ST AR T A B R AR A, X AN S ]
HL TRATPKAE T — B ETEA A4,

2 ETFZLEIEE (Class N-gram) EFHEH

Yk N-gram 15 S AN, ARV 12
BB VN A N-gram &, N XS EHED
JRIHE R, BT RA— ORI 2K N-gram i 5 5L Uy
i KT W = wy,w, - wo, B
SR E e Tali D DWIVA T RV 1P vatc oD o e i
FKEHI N — 1 M BURER R (R S H)
AR

Q
P(W) = HP(ci’Ci—h"’ci—N—l)P(wi’Ci) (1)

i=1
Forp e AR w; PTEINR, Q R X
B, XTI C i), ZHEN R 2 5 N2 A N-
gram HEME ) VN BRSOV Rk, TR RS
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R AR, AEMBER KR I 2588 1t B 0 b
HEB N-gram SUE. WA, i FISF7 i AEAHT i
110 B PE A 8 90 Mo e, D A2 1208 T
NG, L P — 7 0

2.1 WFER%ZE N-gram =5

X1 N-gram, 1285328 /& F ok S e T 28
(1 e i) PO 2 00 R IR T A P IR 3] 28 4 2R v
e s I LRSSl T B2 5 T N P
SO () B A MR R X RO, T R
AR A T 5 DS = i m] i s 1] 8 3R] 2 1 AN ) i ] X
A B R KE A ISR R R. XEh
SCRRE R S OARASTE 22 5. fr AT A S g 1
NM A2 N-gram 15 5 FBEBE, A 5E 5 TF
N T T PO R AN 7 R G R,
I, BATIHEH A 2 255098 (Multi-class) Flia 228 N-
gram (1777, Widul, 5T FeAT 14 t (0 AH ALn]
HER ATV (W 2.2 HTA4H) SRR RL, SR )E
FIR (1) HEM £ 26 N-gram & SHAL. 4 N =2
i, 5 (1) MeE st (2):

Q
PW) =[] P(lcl)POVI) - (2)

XH et KoRJF 8IS (To class), ¢f A5eAT k.
EHFE, R LU PRI T:

P 1. SRES BN R

T8 2. W ANREF IR 2 i —
A ) 3 FH R s s ) R AH DG . B

V(@) = [ (wil2), - en(p'(wnl2)] - (3)

V(@) = [e(p! (wi]2)), -+ en (@ (wnla))] (4)

K ¢;(p) (w;|x)) RoRAES @ Ko, ) Wi x F

i @ 2 R AT BCE AT R ) N-gram 1H.
g 3. Wit F (5) Merge cost 15 Ik

PRI REG I — A

merge cost = Unew — Ugla (5)
o
Unew = 2_ p(w) D (v(cnew(w)), v(w))

Una = S pw) Dle(ea(w)ow))

PR 4. ERULEEADEK 2 200K 3, HER
HAeFRHC Mk,

2.2 HENASEFE
H TR AR N (FEET) PR KAk
435 (Parts of speech, POS), A SCRH T 3T 4a

P2 (Edit distance, ED) 7 1A 432 51208,
8 W RA SR G SEUAR AL 73 R s A

d(A, B)
I+J 0

Tag dict
50k, v,

Ed(A,B)=1-2x

e
Text (1.7 M)
x:
Knowledge ED
(T) l

SWC
v

SWCLM

8 HHBLIA 7> ML

Block diagram of similar word clustering

Fig. 8

e, R 1 PRI SCARLRE A KT
SCA (A 1.7 M); BRFR ST (/.. 250t /]
S) AE B V)9 SCAR A TSRS (AR S5 ) g3
SCHCA 1T0K); SRJER SCAR A — AN AN 2, 75
AN EAH RN AR, AR R SR E T $R 4L
FOE R, H(7) HRHSEE v AU
Ed, $i e WP de BORABLRE w16 1] 8 I i 1 A A
78T SWC (Similar word clustering) ' (i 9
PraR). FAR AR B bRy (0 4 S N TR,
A SIS AT Y A A SR 1 U 5 AN A,
75 Khryid. & 8, SWCLM (Similar word
clustering language model) J& F X PRl Il k1)
H N-gram i 58 (Similar word class N-gram
model). & 10 &5 H T AR SEILI — AN 8. X
ASSER IR AT LLANIE, XA (A = /bolj/) (3h
W), M — MR AE (o < 0.6) B, AT LU H ik
iﬁj Bl, B2 & B3 ﬁ'%j‘jgg@lg]-

F 1 NM CRERE
Table 1 NM text database

g NN Hifi T k]
Lk 160k 920k 620k 1.7k
Ty i) it 50k 15M
IEESE 2.5k
e.2.: POS FEdi SCAGR (W)
uulai
‘ uulaar,
uula/N u u‘ld P
(root = uul) uulaas,.,
uulruu,
Root+suffix #W/NP, ¢, HAbia] 2 (dnshin)
AT

B 10 AR 5 24541

Fig.10 An example of similar word tagging
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A/ lj . ’
bolj [ l7
b0 123 bO12%
l01012 01012
By 12101 BY 12123
Jai4321 03234
d4345
min=(1,m=0.111 6
min = (2,m)=0.556
1o i
bolj
b0123 li?394
By o 1O B,y 42345
03212 a34506
h4323 w4567
a5678

min = ¢2,m)=0.333 min = (12,m)=(.889

K10 #AR /bolj/ 1) ED SLiksLf
Fig.10 An example of string /bolj/

3 HIREE

J LSRR R G, AT EE L RS
FIT e R () 5 R SCASTERE. TE R R N 754
SEWCKIR AN L 1~ 3 Fian. A ISTERE 7 1 1K) 40 7 15
ik [20—21]. AR A S UEE A 500 A4,
HOoM FARERLTE 2000 4.

* 2 SENIRMRIG R TR ERL

Table 2 Speech corpus of Mongolian Halha
Halha RENE KA [N
sk 77 (40 5,37 %) 3000/10.5
WA 6(3 %,3 %) 500,/0.7

# 3 ATR BTECS (iRl &1l CAERD
Table 3 ATR BTEC3 (Basic travel expressions corpus)

BTEC3
133454

3 (NM) 13
133454 133454

H AT

T

e AT N DB Z I 2 A 52 X (I
K1), AuXATH TM 325, %83 TM A 2]
PSR Z WL, W D EM ST B AR . X
TE BN 25 DR AR 537 (Out of voedbulary,
OOV) &5, AF A3 VARG LR B R B by el e
S 36 I 52 7t R0 A] ) NML S0 SCA (Text) A
ISR B 1 T TR L
4 ESREAMEREITM

BT LR E, AR LA E S O R S,
TRATTEE R 5205 1 (R i, L S R A P A A,
B E AR AR 2 R TR e, AR
B SRR VUM T A T AT, FRATT5E T ] 23 28 5
9 SV 5 BT () SRR PN 2 PSRV AR
4.1 WKW

T SETRAT PP A SR 2T 23 2R S B i v

SRR ER 1 (KN 1LTM) CARY, it Rk
ED vEHEMAR AL - A shbriE Ry, 78 3% e 1 FHE
a < 0.6 R3] T 437 A2k, BA Y A shbrE
MR 23 000 A4S, BIIERIFRER N 98.64 %. FlR M1
I BE ARV PR U] 8 20 #1042 M 44 R 38 N\ 44 S5 ] 5 44 1]
e, ARSI TSI TN TS A P 1R

4.2 2-gram iEE EE AT
H A UE Al v 5B e 0 H RO R N R
(Perplexity). HA&A LM (8) 4th:
1
Entropy = — Z log, (p(w;))

Perplexity = 2Fntropy

(8)

Horr p(w;) R 8] w; FECEEA L SCAH H )R
AR, BATTURI T LT P R 2R 2 1) s B
(1] 2-gram 5 5 A8 [ Perplexity #14 (Entropy).
HoE, MR 1 PR AR M esa8dE (Wi 1.7M),
LI AR 6000 ). 11 e TASCIR H
27 A Class 2-gram 8 & A 2 R H 1A
] 2-Gram FEAYE [ Perplexity 4R, MK 11
AN, AR5 KB EUE] 1200 AT IS 2 2-gram [
Perplexity HUBARAE 24.6. X AMEAL T 17 BT 2-
gram [F{H 32.2.

| —— i85C 2-gram —e— £ 2-gram |

43
40.5
38

355
N\

30.5 '\
\\

23

(95
w

Perplexity

[N\
5]

-

1000 1200 1400 1800
Class count

B 11 £33 N-gram HJ Perplexity L
Fig.11 Evaluation of multi-class N-gram in perplexity

205 400 600 800

Hk, FIFHE 3 B 0E Rk L 2 53k
%2 2-gram HHAWIEF (ATR BTEC3 i
SCRIHATE) RS  2 28 2-gram BTES {5 R
wEMZER. KBS XAE B ETUA AR (8) &
WO SEISE R (R 4) v, BRI ) R i
TERL, AR ST R BTS00 R SR iR, R SOOI
BN XEWE, 5T ATR BTECS &R 532,
BEHEI T 7 E 0 BN T HATE R S B
X 0] HE S B M VE S URR S A I R .
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Table 4 Comparisons of entropy in parallel corpus

E3'a HAE L15'S
Wt 6k 6.2k 5.8k
SERIR 157.6 165.8 204.7

» ll—l_\ ,—a—.
5 BEEIHRAEIE

4T EANPRIRS, FTLLVPO A SRR (75 5
B AE VUM R BE L IPE ], b S g 37 e o R
BATHEIX AR AN A 2.
51 FFEBME

SR s Y S & TR =87 I S ) N B
B — AR TR ERN KR E A ), P, 50018
v b R TH T 9T H R IE AL AE AT IB B, ATR
VBB U R G 75 A B IR 8 ST RS V) 4 BRI
edm, P LUAERI FH 1% 53R G0 4 37 75 A AR AR I 5 U %
Pl ki okl TR 2 Pros it LB R R (4
10.5 /M), WAT ZAFEAT N TV 0r — Anid. T BAA
SCHFIS IR 22 TR v e B PR RGBSR A 2
ik DUR i@ A2 ST

1) WEERHE AT FRAEfE 25 4 Mel S q5)3% 5
1 (Mel-frequency cepstrum coefficients, MFCC),
AMFCC, AXf#ifigt. SRAEH NN 16 kHz, Wi
10 ms;

2) B1 (Seed) BEAYHENT: MR 2 THKl ik
10 MRIEANES (5 9,5 2o, RiGHE = 1.5 /)
), BCE 40 DA ERIR T (WK 5) IR T AL
by, FAH HTK toolkit XFLL_E 10 ANk 1l NiE k)
BEAT AR AN R, 7B R0 T (Seed) B,

*5 ERABHITHE X

Table 5  Definition of phone set

TN IR T

JLHE/MICH  aeiouoxVvex ai/aa ee ii 0o uu ox2 v2
i bphkg:thlmss:tdqcjzyrwf
i) BGRSDNLnng S: sil

3) W E ARV oy W 12 ProR, WK 2 i
BER R R 67 NGNS (WAVE), BidfE 5
b PR A B SRR AR (MEFCC), R 3CA TRS
(Transcribution) 3CfF. HH] Viterbi alignment 5
PO RFIE AR B T ARIL AT (Label) Y173, Jf B4
ANV BIARIC T, 2005 ARG AT 2L & 7 A
I, AR A > B /2 ATRASR Il %k
B 2 S R 2 I B A R =
Topology *>] = Label %>] = &85>, Ik
KHITEE A E 3 /NMAF (Triphone) HMnet #%2X.

4) EEUIZR: BH KA Seed B (12)
AR SRR T R 7R A A R R R 22 I I
A A2 HMnet (Aconstic model, AM).

TRS

FE idaw a2 EmtE

o v ——
Cepstrum Seed AM model
@ FHEE MFCC l

qoooo

® VRN — B R
Iy
i d a

K 12 HMnet &0 A4 gl 72 e 2

Fig.12  Creating acoustic model HMnet

AR T 3 MR SR, B RGN R
IR BIRE 2, RGEAEAN A 3 5 B i) o 1] 151
R % 5t e R R RS 2 B 0A i ) R0 K 2 0 Bl
B PUNEEH ATR IR ATRASR #2385 Ui
Be[22-23]

5.2 BEZH (Phoneme) i3l

Bl 13 H T % R % (Phoneme recogni-
tion rate, PRR), HH, LV AFE LMK, C H
Wi, A 13 AT BUE 2, s R E IR R L
HT1%. Gibb, BR TR [k, cf MRl A R IE
b [t 246, Ko m Rm ALK T 65 %. Hdoo
BAKIG Jox, v,0x2/ IR ZAR T HoAh o & F1 K
JCE PN, X ATHEH T K 5 XL (ox = 0,
v=1) MK SRR EIE T .

SV a e i o u oxX v
PRR | 81.2 | 73.6 | 70.3 | 74.6 | 71.7 59.8 58.8
LV aa ee ii 00 uu 0x2 Vv
PRR | 65.3 | 66.4 | 783 |67.0 | 81.2 53.4 67.9
C n b P h k :h g
PRR | 79.0 | 77.0 | 67.5 | 78.2 | 57.2 66.4 68.3
C 1 m s st t d q
PRR | 79.6 | 82.0 | 89.5 | 62.1 | 67.0 62.7 75.7
C c j z y r w f
PRR | 58.7 | 69.1 | 65.8 | 71.4 | 75.4 73.1 28.2
C ng N ai ex sil SPEIRG R

PRR | 86.1 | 77.4 | 748 | 77.1 | 97.7 271 %

K113 s PuigeR (%)
Fig.13 Recognition results of phonemes (%)

5.3 ELIEIRF

h T AR S N PR LT JL Y P TR )
F ARG R TR DL S 2R R Mg, FRATT IR I
WHAT T 5 B IESAE R S5, MRE A % 2
MR 6 ARl N R 500 AMiE (S5 3540
i]).
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Kl 14 BoR T AAEAFGE v 5 BN ) f
B #. AL ge i il 1) 2-gram A4 LM (Lan-
guage model) i P45 KA 82.1% (%), &
fE 45 (1) % 25 2-gram %! (Standard class model,
SCLM) WA 84.3 %, TAEA SCHEZR AL
W% 2K 2-gramy (SWCLM) iR (FJiR 52k 5] T
87.6 %, X LM M4 R4 m 7 5.5 %.

BEERERSOPAVIE S e iRl ablk
95|
=y
g 85
g
2
o
= 75|
65
LM SCLM SWCLM
Kl 14 A 2-gram &5 BRT K500 ELAL
Fig.14  Word recognition results by different

2-gram models
54 ZBIEFIRALE

Bl 15 J& 5 B RIS R S gaE R gi R
AR KAERIE = (DB HASTE) WLA0RS 1) B 5%
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