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Automatic Text Corpus Generation Algorithm towards Oral

Statistical Language Modeling

SI Yu-Jing1 XIAO Ye-Ming1 XU Ji1 PAN Jie-Lin1 YAN Yong-Hong1

Abstract Data sparseness is a serious issue for language model (LM) in automatic speech recognition (ASR) towards

resource-lack domains, e.g. the telephone conversation speech recognition task. In this paper, an event of equal probability

based text corpus generation algorithm is proposed in order to alleviate the sparseness of language model. Experimental

results show that 7.5 % relative reduction in perplexity and a 0.2 % absolute reduction in character error rate (CER) can

be obtained on the develop set. And, a 6% relative reduction in perplexity and a 0.4 % absolute reduction in CER can

be obtained on the test set.

Key words Automatic speech recognition (ASR), resource-lack, language model (LM), equality probability event, text

corpus generation

Citation Si Yu-Jing, Xiao Ye-Ming, Xu Ji, Pan Jie-Lin, Yan Yong-Hong. Automatic text corpus generation algorithm

towards oral statistical language modeling. Acta Automatica Sinica, 2014, 40(12): 2808−2814gÄ�Ñ£OEâ (Automatic speech recog-

nition, ASR) �ïÄ8I´ò<a��ÑÅ (i)Åé�=zǑ�A�Ö¡�ó (=©i). C5, �ÂvFÏ 2013-12-18 ¹^FÏ 2014-06-03
Manuscript received December 18, 2013; accepted June 3, 2014I[pEâïÄu�Oy (863 Oy) (2012AA012503), I[g,�ÆÄ7 (10925419, 90920302, 61072124, 11074275,

11161140319, 91120001, 61271426), ¥I�Æ�ÔÑ5k��E;� (XDA06030100, XDA06030500), ¥I�Æ�:ÜÝ�8
(KGZD-EW-103-2) ℄Ï
Supported by National High Technology Research and De-

velopment Program of China (863 Program) (2012AA012503),
National Natural Science Foundation of China (10925419,
90920302, 61072124, 11074275, 11161140319, 91120001,
61271426), the Strategic Priority Research Program of Chi-
nese Academy of Sciences (XDA06030100, XDA06030500), and
the Chinese Academy of Sciences Priority Deployment Project
(KGZD-EW-103-2)�©I??� Çg÷
Recommended by Associate Editor WU Xi-Hong
1. ¥I�Æ�(ÆïÄ¤�ó(Æ�SNn):¢�¿ �®

100190
1. The Key Laboratory of Speech Acoustics and Content Un-

derstanding, Institute of Acoustics, Chinese Academy of Sci-
ences, Beijing 100190

X^M�Eâ�Øäu�, gÄ�ÑEâu�×�,3ó�![>!Ï&!ð�>f!��![ÌÑÖ!�¤>f�¬!I����+���
2��A^.�®ëY�Ñ£OXÚ?n�é�´�5��Ñªêâ, 2�A^3>{if!Ï&!i\ª���U���+�. XF�Úî³kéõïÄÅ�Oy¢yü«�ó�m���Ï&, =ÏL “�Ñ£O
— Åì�È— �ÑÜ¤” ò�«�ó��=¤,�«�ó, ^5�ØØÓ�«m<��m�Ï��óæN[1].�ó�. (Language model, LM) 3�Ñ£OXÚ¥��^´�~wÍ�. du(Æ&Ò�Ä��C!℄�Ú�Å5, ü�(Æ�ª�����äØ�U�¤�Ñ�Ø�£OÚn). �
�p�g��ó�£�|^�±3(Æ£O��gþ~��ª����
5, lJp£O�O(5. 8, '�61��ó�.´ N �©{�ó�.. N �©{�ó�.�E��{ü!O�E,Ý$, �±|^�5��Æ¿©Ôö�.�ëê, �´�Ôö�ÆØ



12Ï i�µ�: ¡���ÚO�ó�.ï��gÄ�Æ)¤�{ 2809v��ÿ, N �©{�ó�.¡�Xî�êâDÕ¯K[2]. =Bæ^�
²w�{, êâDÕ¯K�,éî. X¡�>{�!?Ö��Ñ£O+�, A½+���ÆÌ�´ÏL<óI5¼��, <óI5�¤�p¿��Ç$e, ¼���Æ5�k�.Ïd, ¡�>{�!?Ö� N �©{�ó�.¡�Xî�êâDÕ¯K.8Ì��3n«å»�±3�½§Ýþ�)�ó�.�êâDÕ5. 1) /Ïupé�. dupé�þ�3�þ�©��Æ, ·��±|^ù
©��Æ�ï�ó�., ,�Ú+�S��ó�.��. ,, pé�þ�©��Æ�õÑ´ “Ö�ª” ��Æ, k�¿ØU÷vA½+��I�. 'X, ¡�>{�!��Ñ£O?ÖI��´ “�!ª” ��Æ, §º�þÚ�ä�Æké���É,Ïd, �ä�ÆéuJ,¡�>{�!?Ö�Ñ£OXÚ5U�Uå´k��. 2) æ^�zUåÚL�Uå�r��ó�.ï�Eâ5J,�ó�.é��êâ�°�5, 'XÄu��d��ó�.[3]!����ó�.[4]!� ²�ä�ó�. (Feed-forward neural network language model,

FFNNLM)[5]!48 ²�ä�ó�. (Recurrent

neural network language model, RNNLM)[6] �.Ù´48 ²�ä�ó�., §3éõIO8fþ, 'XWSJ!TIMIT �, �' N �©{�ó�., Ñké��J,[7]. Ǒ,ù
�ó�.ï�Eâ�5U`u N �©{�ó�., �´§��O�E,Ý��pu N �©{�ó�., 3)è�ã��A^ù
p?�ó�.ï�Eâ¬îKǑ)è�Ý. Ïd, ù
O�E,Ý�p��ó�.ï�EâÊHA^3�?n�ã, Xã��ã[8] . 3) ÏL)¤�Æ��ª5)ûêâDÕ¯K. 'X, �±ÏL�gÄ*��{5*¿�ó�.�Ôö�Æ[9] ,ÏL*��©�Æ¥�ÓÂÚa5��*�Ôö�Æ�8�. ,, ù«�{I�é*�(J?1�A�<óí~, ¿�Ù�J�ÓÂÚa��þEE�'.�©JÑ
�«Äu�VÇ¯��æ��Æ)¤�{, �±gÄ)¤A½+�º��©��Æ.�{�Ä�g�´: Äk, |^48 ²�äEâ
(Recurrent neural network, RNN) é+�S�©�Æ?1ï�; ,�, 2|^Äu�VÇ¯���Æ)¤�{)¤Ñl RNNLM VÇ©Ù�æ��Æ,|^ù
æ��Æ�ï N �©{�ó�.; ��,2Ú�ä�Æ�ó�.ÚI5�Æ�ó�.?1��. du48 ²�ä�ó�.�Ôöêâ´A½+�S��Æ, Ïd, æ��ÆǑ´ÎÜA½+�º���Æ. ù�, \\ù
æ��Æ�±�)℄"

y+�¥ N �©{�ó�.¡��êâDÕ¯K,l?�ÚJ,�Ñ£OXÚ�5U.�©Uìe�(�|�: 1 1 !0�48 ²�ä�ó�.�ï�Eâ; 1 2 !�[0��©JÑ�Äu�VÇ¯���Æ)¤�{±93
RNNLM µeegÄ�Æ)¤�{�äN6§; ��31 3 !0�Äuõ�ó�.KÜ�æ��Æ)¤�{; 1 4 !´äN�¢�(JÚ©Û; ��, 1
5 !�Ñ(Ø.

1 48 ²�ä�ó�.Äu48 ²�ä��ó�.Äkò{¤&EÝ��ëY�mþ, ,�ò�q�{¤3ëY�mþ?1àa, ±Jp?n��êâ��zUå[6]; ,��¡, 48 ²�ä�ó�.�±|^�{¤&E5�O��VÇ, Ó�ÔöëêØ¬:ìO�. /Ï48 ²�äe��á�PÁõU, �±|^����{¤&E5�O��VÇ[10−11].Äu48 ²�ä��ó�.�e�ãXã¬¤«. §Ì��¹n�Ü©: Ñ\�!Ûõ�!ÑÑ�. �Ü©�êÆL�ªǑÑ\�: x(t) = w(t) + s(t − 1) (1)Ûõ�: sj(t) = f

(

∑

i

xi(t)wji

)

(2)ÑÑ�: yk(t) = g

(

∑

j

sj(t)wkj

)

(3)Ù¥, f(z) Ǒ Sigmoid -¹¼ê: f(z) =

1/(1 + e−z). g(z) ǑVÇ5�¼ê: g(zm) =

ezm/
∑

k
ezkÑ\� x(t) �)��?Ò w(t) Ú{¤&E s(t − 1) , Xª (1) ¤«. ?Ò x(t) æ^

“N ¥À�” ?è�ª, æ^�ÝǑ V (i;¥��ê) �ü ¥þL«, Ù¥, 3i;¥�?Ò Ǒ 1, Ù� Ǒ 0; {¤&E s(t − 1) ´ ²�ä�O�Ûõ��ÑÑ�. Ûõ� s(t) ´{¤&E3ëY�mþ�L«, �±£"�Ñ\�, �Ǒe���Ñ\, O�úªXª (2) ¤«. ÑÑ�!:Ǒ�½{¤, e��Ñy�VÇ, O�úªXª (3) ¤«. �©æ^Äua�48 ²�ä�ó�.ï�Eâ[11] , �¹Ü©ÚaÜ©. �aO�±�âÔö�Æ¥�ª��[11], Ǒ�±æ^�°(�àa�{, 'XÙK�{[12]. ½Â P (ci)Ǒa ci �VÇ; P (wi|ci)Ǒ
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wi 3a ci �VÇ. �o, �½{¤ wi−1, · · · , w1,� wi �VÇǑ: P (wi|wi−1, · · · , w1) =

P (ci|wi−1, · · · , w1)P (wi|ci).

ã 1 48 ²�ä�ó�.µe
Fig. 1 The framework of RNNLM

2 Äu�VÇ¯��æ��Æ)¤�{Xã 2 ¤«, ·�½Âü�¯�.

ã 2 Äu�VÇ¯��æ��Æ)¤�{�nã
Fig. 2 Sampling text generation algorithm based on

equality probability event

1) ¯� A: �ÅCþ X �u f , Ù¥ f Ǒ 0�
1��ê, X Ñlþ!©Ù, �o¯� Au)�VÇǑ: P (A) = P (x < f) =

∫ f

0
dx = f

2) ¯� B: V Ǒ�Ñ£OXÚ¥i;���,�½{¤ h, �±ÏLÚO��{D�z���VÇ p, = p = p(widx|h), Ù¥ idxǑT3i;¥�¢Ú, ¯� B ½ÂǑ¢Ú idx�u¢Ú i.

K¯� B �u)VÇǑ
P (idx < i) =

i
∑

idx=1

p(widx|h) = f (4)Äkb�: ¯� AÚ¯� B �u)VÇXJ�Ó, �oüöB¬Ó�u). Ïd, ÄkUìþ!©Ù)¤�Åê f , �)¯� A , ,��é\\VÇ�u�u f �IÒ, )¤¯� B, �o, TIÒBǑ�½{¤ h����ÑÑæ�.

RNNLM µeeÄu�VÇ¯��æ��Æ)¤�{6§Xã 3 ¤«. Ù¥, Num L«�)¤�ê8, targetNum L«Ï")¤�ê8. ¼ê random(0, 1) �õU´)¤Ñlþ!VÇ©Ù��Åê, ��´l 0 � 1, ^5)¤ã 3 ¥�¯�
A �u)VÇ. ��¯� A �u)VÇ±�, |^ª (6) Ïé��¯� B �u)VÇ�u¯� A �u)VÇ�¤éA�IÒ. RNNLM µeeÄu�VÇ¯��æ��Æ)¤�{Ì��¹n�Ú½:

ã 3 Äu48 ²�ä�ó�.�gÄ�Æ)¤�{
Fig. 3 Automatic text generation algorithm under the

framework of RNNLM

1) XJ�êþ (Num) �u8Iêþ
(targetNum), K?148 ²�ä�ó�.��O�, ,�Uìþ!©Ù)¤ 0 � 1 �m��Åê
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f , O�a�\\VÇ g, �� g ≥ f , ����a
c;

2) #Uìþ!VÇ©Ù)¤�Åê f , 3��a c¥O��\\VÇ g, �� g ≥ f , ,�ò��ǑÑÑ;

3) =�Ú½ 1), ò��Ǒe�g�O��Ñ\.

3 Äuõ�ó�.KÜ�æ��Æ)¤�{©z [7] w«, ÏLõ��ó�.KÜ, �±J,�ó�.�5U. Édéu, �©Ï"ÏLKÜõ��ó�.�)�æ��Æ, ?�ÚJ,¡�>{�!?Ö��ó�.. �{6§Xã 4 ¤«. Äk|^A½+�S�ÆÔöõ�5U��!�O�E,Ý�p��ó�.; ,�æ^�©JÑ�Äu�VÇ¯��æ��Æ)¤�{©O)¤���ó�.éA�æ��Æ; ��©OÔöæ��ÆéA�
N �©{�ó�.; ��, 3mu8þO��`���Xê, ���ª��.. du���ó�.�ï��{ØÓ, §�)¤�æ��Æ�±�pÖ¿, Ïd, Ù�J�`u�|^ü��ó�.�æ��Æ.

4 ¢�(JÚ©Û
4.1 ¢����©3℄�é"y�¡�>{�!��Ñ£O?ÖþµÿÄu�VÇ¯���Æ)¤�{. ÿÁ�¸æ^¢�¿gÌmu��®ëY�Ñ£OXÚ, TXÚ´æ^Äu;�G��ä�üH)èì, Ù�ëê��©z [13]. mu8æ^3�¹��>{�!º���Ñ, � 2 ���, ^5(½ N �©{�ó�.���Xê±948 ²�ä�ó�.Ôö¥�S�gê�. ,	, æ^�� 3 ����>{�!º���Ñ�Ǒ “ÿÁ8”.Ä��ó�.Ôö�Æ�)�ä�ÆÚ>{�!+��ÆüÜ©. Ù¥, �ä�Æ´l���þe1��Æ, o��¹ 20 ·�. >{�!+��ÆǑ<óI5�>{�!º���Æ, T�ÆǑX{�g,�!º�, ÌKØ�, SNÚ`{�ªǑvk?Û��, o� 1 300 ��. �©�^ RNNLM

Toolkit Ôö48 ²�ä�ó�.. duÔö48 ²�ä�ó�.�O�E,ÝLp, ·��|^>{�!+�S�ÆÔö48 ²�ä�ó�..'u48 ²�ä�ó�.�Ôöëê���{�±ë�©z [14].

4.2 ¢�(J·�©OÔö
Û�Ǒ 100, 200, 300, 400,

500, 600 �Äu�48 ²�ä�ó�.±9��Û�Ǒ 600 �Äui�48 ²�ä�ó�..Äu�VÇ¯��æ��Æ)¤�{, ��>{�!º��æ��Æ, N¹ A ÚN¹ B Ǒ)¤�æ��Æ¢~. læ��Æ¢~¥�±wÑ, k
éf¿ØÏ^, �´�Ä� N �©{�ó�.ï�¥�|^ N − 1 �{¤, Ïd¿Ø¬KǑ�ª�.�5U. ^æ��ÆÔö��� 3 �©{�ó�., 3mu8þ�(¾ÝXL 1 ¤«. �±wÑ, ���.�)�æ��Æ´kpÖ5�. e¡·��¢�©Ol·¥Ç�I!(¾Ý�I±9i�ØÇ�IÑu5µ�Äu�VÇ¯��æ��Æ�{�5ULy.

4.2.1 ·¥Ç�I[15]L 2´���ó�.3mu8ÚÿÁ8þ·¥Ç�Ly. ±mu8Ǒ~, ÄuA½+�S�Æ��ó�.� 3 �©{·¥Ç�k 38 %. Ú���ó�.��±�, �±��/Jp 3 �©{�·¥Ç
(64.6 %). ��, |^æ��Æ, �±?�ÚJp 3�©{�·¥Ç (70.2 %). Ǒ
�y�{�°�5,·�3ÿÁ8þǑ�
�Ó�¢�, ¢�(JXL 2¤«, \\��{gÄ)¤��Æ±�, 3 �©{�·¥Çl 68.2 %J,�
 74.3 %.

4.2.2 �ó�.(¾Ý�IXL 3 ¤«, |^æ��Æ±�, �ó�.3mu8ÚÿÁ8þ�(¾Ý©O�éü$
 7.5 %Ú
6 %.

4.2.3 i�ØÇ�I±i�ØÇǑïþ�I, ÿÁ
�{)¤��Æ3¡�>{�!?Ö��Ñ£OXÚ¥�Ly,¢�(JXL¯¤«. ��, 3�ä�ÆÚI5�Æ�Ä:þO\��{)¤�æ��Æ, �±?�ÚJ,�Ñ£OXÚ�5U. �'Ä�XÚ, 3mu8þi�ØÇýéü$
 0.2 �:, 3ÿÁ8þi�ØÇýéü$
 0.4 �:. Ǒ,J,�ÌÝØ´é�, �´i�ØÇ3ÿÁ8Úmu8þÑk���ü$.

5 (Ø�©JÑ
�«Äu�VÇ¯���Æ)¤�{, ^5?�Ú�)©��Æ"y+�¥�ó�.�DÕ¯K. b�: ¯� A Ú¯� B �u)VÇ�Ó, �o¯� A u)
, ¯� B Ǒ¬u). 348
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ã 4 Äuõ�ó�.KÜ�æ��Æ)¤�{
Fig. 4 Sampling text generation algorithm based on multiple language model combinationL 1 ��æ��Æ�ó�.3mu8þ(¾Ý�Ly

Table 1 The performance of sampling language model on the development set in term of perplexitya. �. 5� (oê) �ó�.©{oê (¾Ý
RNNLM.h100. æ��Æ 77 980 138 35 235 024 257.37

RNNLM.h200. æ��Æ 78 143 300 33 957 611 224.37Äu�48 ²�ä�ó�. RNNLM.h300. æ��Æ 76 573 019 33 326 799 239.20

RNNLM.h400. æ��Æ 78 152 499 33 965 205 218.23

RNNLM.h500. æ��Æ 76 360 827 33 781 465 237

RNNLM.h600. æ��Æ 78 081 537 33 721 658 216.67Äui�48 ²�ä�ó�. RNNLM.h600. æ��Æ 54 998 697 26 963 296 233.12±þæ��Æ�� 203

1 ÄkòiÜ¿, ,�^�����©,��ÔöN �©{�ó�..L 2 gÄ)¤��Æé·¥Ç�KǑ (%)

Table 2 The performance of sampling corpus in terms of hit-rate (%)�. mu8 ÿÁ8
1-gram 2-gram 3-gram 1-gram 2-gram 3-gramI5�ó�. 10.1 51.9 38.0 8.4 49.8 41.8

+ ���ó�. 0.7 34.7 64.6 0.5 31.2 68.2

+ gÄ)¤��Æ�ó�. 0.4 27 72.6 0.3 25.4 74.3L 3 �ó�.(¾ÝLy
Table 3 The performance of sampling model in terms of

perplexity�ó�. mu8 ÿÁ8I5�ó�. 232 195

+ ���ó�. 198 151

+ æ��Æ�ó�. 183 142

L 4 i�ØÇLy
Table 4 The performance of sampling model in terms of

character error ratemu8 ÿÁ8Ä�XÚ 48.6 54.1

+ æ��Æ�ó�. 48.4 53.7



12Ï i�µ�: ¡���ÚO�ó�.ï��gÄ�Æ)¤�{ 2813 ²�ä�ó�.�µee|^�VÇ¯��{)¤æ��Æ. Äk, é>{�!?Ö�I5�Æ?1ï�; ,�, |^Äu�VÇ¯��æ��Æ)¤�{¼�æ��Æ, |^ù
æ��Æ�ï N �©{�ó�.; ��, 2Ú�ä�ÆÔö��ó�.ÚI5�ÆÔö��ó�.?1��. ¢�(JL², Äu�VÇ¯��æ��Æ)¤�{Ø=�±ü$�ó�.�(¾Ý, ��±J,�Ñ£OXÚ��N5U. ,	, ��{ǑÓ�·^uÙ�p?�ó�.ï�Eâ, 'X����ó�..N¹ A� Z å � � ` · Ñ ) � o ¿ �· Ø g � � ÿ � Ö � � Q� Z å � \ \ Æ f ´ � ´ � �· � > { � ¨ Ø 0  f � 3 [ p Q Ǒ �s � / p · ùØ 4 e ® � aw � · r � Ø ) L ¤� � í í ·´ í� é �â ` ´ � � � Q� � ´� \ Ø ´ � « \ � � � � � w � ·é Ü · y 3 Ò g þ � {N¹ BL)F 
� é ó� `; ò Ü� Ø¤ Ò �
 ép 1�â å �ÿ Q�� ´ A Ò r � 3 Æ� � ¯ �� ǑØ ´ ǑØ ^ J �
 ¯� � ¯ j� vk ¯K Üy3 Ò´ Ñk a 
 w �¸ �Ý � ú 
a � þ� Ü� > ww �� �� Ø� £[ ²U 1
B � \ �U r YJ z Ǒ �ü 8�B B · ` · ´ ØO ¯B wù � ÀÜ Ä�þ ´\� � �� k�ÿ Ò Ò m© \ � é� ´ u � ´Ø´<[ Ñ´ � §² < ì � �åå � · �� �é FO � �Ø � ¯ �e \ B k�ÿ \ gC� � \ ù k ùo : í f�� P © * 3� v �· �
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