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Figure 1 The structure chart of the HMM-based mandarin pronunciation level assessment system
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Shinjang (¥78#)+ liq — shinjangliq (Fri&EN),
Uyghur (4EE /RIE)+ ce — uyghurce (45 /Rik),
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Weten (% [H)+perwer — wetenperwer (% [H [1]).
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SEG 44 I T AR R B SR ARRAIRE (TR R, SR TR 2 i+ 5 W] AR i =
X, g AEan A+ Ja AT AR 20, A& IR RR I8 = S i,

Ishchi (T A\)+ lar — ishchi (T AAT),
Ishchi (. \)+ lar + miz — ishchilarmiz (AT T AA),
Ishchi (. \)+ lar + miz + ning — ishchilarmizning (FATHI T AATH).

(3) R — KT B0 A 0 IR AE 7] B i 3 AN RE SR ] AR 5 S, AT DA TSC3 Bl 1A A4 7 1] 4
BF R RE. B,

Kl (%, 3hiA)+ tish —~ ki1t sh (58, %),
K 1 (%, i)+ t watqan — k i1 U watqan (IEFEZERT, &),
Kl (%, shifm)+up — kildp (&, &Id).
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Figure 2 Comparison of different word forms’ sum in Uighur and English telephone talking text. @QCopyright 2013 The
Key Laboratory of Speech Acoustics and Content Understanding, Chinese Academy of Sciences
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BUZFNES T HETE S % LIRS, X2 —FAEE & & TREE SIS HoR 17,
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N T UL BRI FST J70%, T2 B RN AABUIRES B 3L (FSM). A FRRE B3hPLE R
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Figure 3 A sample for double-level morphology analysis
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Figure 4 Finite state automata machine. (a) State transition diagram; (b) automata machine operating principle
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Figure 5 A sample for finite state transducer
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B 6 ETHRRSERNNNLEEFRYS
Figure 6 FST-based Uygur subword segmentation
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Figure 7 Calculation of the phone posterior probability
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FITEOL N, B BT A — G IERIE R g KGR AT LLRAE N

log f(OMi)p(Qi) /
>, POlg;)p(a;)
Ht, P(Olg;) AEER ¢ THEE] O KPR, p(gi) N ¢ BRI, J RGP & RN

NF(0) NMERFIIEBA. LA, IEHE RN M R 20T IR T AR A IR 5 R AOBER
A, BrART EMRBE pgi) = p(q;), W _EAATHES

| p(Ola:)
og 5
>, p(Olg;)

EARTUUE A, & 25 B 1 0 7O e SR I 5 & 2 (RS R, )
NMEFP I iR & & 2 LI BB Z 0 Hm, il 7 fios.

R A S MR I N AR DUE S8 5 R R PP RS T AV IRCR, (HRE E—= i
PRI 5 BN T 4R ORI AN EAR.

3.2 FRAANMAXZERGEITE

RS BOR FH 4 LSRR 0 R R A, A58 3R R A 8 LA AN 2 DAV R B A il 4 v PR 1 A
YRR R, AERF LI R SR AV R A B AR A R R i, B TR BUBRR AL WL
Feolse it 7 UL RPIRE A2 P31 (B, 2B R IONTH M SMEAR, S 7 B 52 1 51 A iR

Poster(qi) = |log(P(¢:|0))| /NF(O) = NF(0), (1)

Poster(g;) = /NF(O). (2)
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Figure 8 Calculation of the subword posterior probability
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W21 10 T34, #8010 J3IRSBHIXS T2 THRZN. Oy 1 i pRaX A )8, A4 B G o~ s BRI K
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H A% 3] SR A1 0 RIS, 45 31 B R R 73] A BBz K oAt 48], BRI, AT L
R 3 H A R S R
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Figure 9 The fast calculation of the subword posterior probability
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Figure 10 Loop decoder for phone
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R—/INPRA WS BRI Wt BRMELAE I R EARPEHLAR 1T 70 A0 N AT 20 O 46 RN ZRA5 2, HBEEL &R
PRI BRI N R B PR SER E 5 N TAT 70 45 kAT EUA, AR 38 1) 22 e i B A T I 88, i <N —
B PPl A 9% 2 380 K BIE I R4

XS T RGERERIPEAY, FATRH T IR RGN SHL, 2l R R R B S 2. MR RE0R
ZENH e R B R R, XA 7R & N AT o0 LA 1 70 Z T ARABURE B2, AR 4R X AN AR B

FEFEXTHLASFT 70 R HERR A PPN I VR R A R RBOTIN 77k, Rk F = f; F1 G = g; 352X [E
— REREAR T IR R A 45 S e &, WEATT09AE 25 RE0E SUH

F.G 0

(F.G) > fig (©)

R= ol = ,
IENCl - vErvEe

ARSI HIA R R MR AR 2 SRR NI IAE & MM R EFEA LI SAR SR R AL Ry, FHE A
AR AR B {E:

1 M
R:M;Rk. (7)

Horp Mg i NEL

HAR R BT VRA A TR PR R G — bl IR 78 7572, AER X R RN 7 iR 4R AN DU %
T B R, BT N AT 70 ML T 70 Z B 228, ZE(E BN R IIHL 4T 0 A
TAT 73 e, Wt R W RGPS HEm by, Xt 2 0 2RI A, AR AN & T
EERERE P N B 2t g & P

N

DUMTEED D
diff, = — ~ , (8)

norm

Horr, N OYIAKE Friin NG by R NLVESR; my; WL SR norm JVH—AG 7, AIARYE N i
K/NEBEAT R, TSGR0 7 Z 0] LB AR & 20 2 e 10 A o0 b S il 2 7 22 B S A i
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® 1 ETHERMET FRMITOMEREELR

Table 1 Comparison of the performance between phone-based and subword-based on pronunciation assessment

Correlation coefficient Score deviation
Phone posterior probability 0.763 0.579
Subword posterior probability 0.772 0.571
Merge two posterior probability 0.785 0.563
RGVERER R
1 M
diff = — ]; diff .. (9)

Hrp, M OB E N
4.2 SCIREER

3 ) B P A 8 2R S BRI R HERA R, T TR SRR I R B HER S, AR S R
PR LA, THEASR RBON 2. 25, RN AL P& Rl S 2t AT I at. A& i vEan i 28R

Smerge - )\SL + (1 - )‘)SS (10)

K, Sinerge MG EIIDEL, Sp, Ss 73 AHE T+ 710 Ja Yo B 100 & HERR L 1) 0 BRI 1B R
Je SRR A E ERA B 1 0 B, X\ R RlE B3 HBUELE 0 B 1 Z ).

MAREE R WK 1 Fros. B3R 1 AT, i SR (PP PERE 58 T2k 138 R S LR, X ]2k
T A A SR S R U S R TR R SRR SRR S, RERITERES R T RS,
XYL I PR S ISR — g ELAME, RIS A R T S A S B A 35 B

5 ZHiLAREE

ARSI A A R TR B Bl RGN R B AT o, R R RE R IIE B K
FIAL R G, O T YEDUOSEH0 A ATRHE H2A B &

SIRIBIEFC 3 A 1 A (0 5 B MR 35 S8, SR T A AR A VRl B e, et 1 AR 3R
PRAG R 48 P RCR A R AR O VR ST TS, SEBL T 3 T XURRE T 4R TR LSS U ) 4
FINT H RS SR S WM B 70 B, (45717 200 B TH SRS FE O T g, AT 228 11
] JE LR BRI, S 1 VFor i AT PR A HE R .
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Bilingual teaching - facing automatic assessment for Uygur
pronunciation
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Abstract Pursuing Chinese and Uygur bilingual teaching in XinJiang Province is an important government

policy for improving communication between different language speakers. An automatic assessment system can
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yield many advantages in such bilingual teaching. However, as an agglutinative language, Uygur’s particular way
of word-building results in leaving many words out of the lexicon. Therefore, performance of the old pronunciation
assessment system, which is based on a traditional ASR system, is poor. For building a high-performance system,
we decide to use subwords as basic recognition units after analyzing the rules and habits of Uygur pronunciation.
Experimental results indicate that the accuracy of the subword-based system is greatly improved by the imple-
mentation of machine segmentation based on double-level morphology analysis of Uygur subwords, calculating
the posterior probability’s denominator with a phoneme decoder, and calculating confidence at the subword level.

Keywords Dbilingual teaching, agglutinative language, pronunciation assessment, subword, posterior probabil-
ity, confidence
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