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Abstract

Code-switching (CS) speech is a common language phenomenon in multilingual societies. For
example, the official language in Taiwan is Mandarin Chinese, but the daily conversations of

the ordinary populace are often mingled with English words, phrases or sentences. It is
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generally agreed that transcription of CS speech remains an important challenge for the current
development of automatic speech recognition (ASR). One of the straightforward and feasible
ways to promote the efficacy of CS ASR is to improve the language model (LM) involved in
ASR. Given these observations, we put forward disparate strategies that conduct combination
of various language models at different stages of the ASR process. Our experimental
configuration consists of two CS (i.e., mixing of Mandarin Chinese and English) language
models and one monolingual (i.e. Mandarin Chinese) language models, where the two CS
language models are domain-specific and the monolingual language model is trained on a
general text collection. Through the language model combination at different stages of the ASR
process, we purport to know if the ASR system could integrate the strengths of various
language models to achieve improved performance across different tasks. More specifically,
three strategies for combining language models are investigated, namely simple N-gram
language model combination, decoding graph combination and word lattice combination. A
series of ASR experiments conduct on CS speech corpora complied from different industrial

application scenarios have confirm the utility of the aforementioned LM combination strategies.

Keywords: code-switching, language model, automatic speech recognition, decoding graph,
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(=) Chain model

AR L EEVEE SR T E R Kaldi[34] - £ Kaldi 1y chain model {4 T LF-
MMI B RIGEISE > B9 T — RS (R RS SR AR ~ PREE - BN © iReR ek
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iy graph A5 (union) &&5E R graph- 5855 graph &/ &% H HJ§872 2= [H (searching
space) - [ G AHSZEE
(=) Lattice &ff

Lattice &f[36-38] A1 [E ARt AN lattice » FI-R[E]AYHE EEAIFRL prEL
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T~ B S HAIE SR LA ER

FE % TH
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B AR SR BRI —(ERE SR 2 5 T B E S e E R
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Coefficients, MFCC) i1 3 44 (pitch) » 3535 | 100 4 i-vector -
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# (Word error rate, WER) - FiSZER #8755 (Character error rate, CER) -

I[3
4
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£ FEBRAE LA D 84 MER

| sk | o | e | &9 |,
7374 e HEEE PalERYCS
Meeting LM (M)—(1) 27.85 40.48 18.75 29.03
General LM (G)—(2) 41.72 39.83 18.54 33.36
Keyword LM (K) —(3) 94.31 2.46 80.05 58.94
N-gram LM & H£(M+K) — (4) 28.61 2.97 18.61 16.73
Graph &3£(M+K)—(5) 28.06 3.02 19.29 16.79
Lattice & (M+K)—(6) 70.07 3.25 49.28 40.87
N-gram LM &H£(G+K)—(7) 42.46 2.92 19.47 21.62
Graph & f£(G+K)—(8) 42.04 2.81 19.25 21.37
Lattice &H(G+K)—(9) 84.66 3.28 46.98 44.97
N-gram LM & (M+G+K) — (10) 29.68 3.19 15.82 16.23
Graph &H£(M+G+K) —(11) 28.18 3.00 18.80 16.66
Lattice &F(M+G+K)—(12) 68.06 3.68 40.44 37.39
Mixed LM (M+G+K) —(13) 35.57 6.55 16.70 19.61

1) J57A(7)—(9) s General LM A1 Keyword LM {£ =f&A[E] g XAV EH GEEELER 1
1) - EH777A(L) A% Meeting LM HLE{E & A AR SENT MER H1 General LM A £045=
BE > FTPAJTA(4) — O)seE = EHIEEEEN A IR 5 f 2 » General LM [R5+ &afkik
EHEEARE ALY - FrLl7AT) — (8)FY°F MER tEJ77A(4) —(B)7%= © SANERTTE
(6)F1(9) FIZ¢ 3 Lattice & ff RAER APHEN A 4FUCR - HAHEER MER #RS - 4
{FHEAIAL Ry Keyword LM J2 FIFFE (RIS Y B RH ISR R - 48 Lattice &0V 7 AMHER
HoAth 7754 By B R HAMEE S A YRR -

J572(10)— (12) B Meeting LM ~ General LM F1 Keyword LM 1 =fE A [E] @ KA & 0F
GEEtEfIR 1011 1) - J57RQ2RITTA6) ~ (O)— ke RAER AIMEEE A G UR » M7k
(10)M1(11)HY-F#59 MER tE H HIM(ERE S IEM & HE 2R B E Tt =(EE S IEAIREE
ASR Z 4 AF = [ HIEA SR AR A Ayt -

SN J77E(13) Rtk = (MR8 SR AL AR E L & GRHE — L AR Rl — (858 S A
TR HIIYEE SR 12729 MER BYLLEGE R ATE8 I R 7 A (L0) ML)y &0 A& tE
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