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Abstract In this paper, the frequency domain characteristics of isolated numbers and

names input by users are analyzed in order to achieve the purpose of speech recogni-

tion based on the frequency domain characteristics of speech. Under the condition of

using MATLAB as the experimental tool, the preprocessed speech is first extracted from

the MFCC frequency domain characteristic parameters, and finally the template batch

matching of isolated numbers and names is carried out based on the dynamic time warp-

ing technology. Finally, the recognition accuracy in frequency domain is significantly

higher than that based on time domain parameters, and the preprocessed speech sig-

nals under different window functions will also significantly affect the accuracy of speech

recognition.
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1 ¢¢¢������nnn

1.1 FFT

1.1.1 FFTÄÄÄ������nnn

k��S�x£n¤�N:DFT�Xe½Âµ

X(k) =
N−1∑
n=0

x(n)W kn
N (1)

w,§��DFT$�Vg�Ù!?§{ü§�Ó^S��!$��Ý$§3¢Só�¥5d'4

$"Ä2-FFT�{�Ä�g�´r�©�N:S��g©)¤�X�áS�§¿©|^^=Ïf�

±Ï5Úé¡5§©O¦Ñù
áS�éA�DFT§2?1·��|Ü§���N:S��DFT§�

ª��~�$�gê§Jp$��Ý�8�"

U�mÄ��Ä2-FFT�{§k´òN:Ñ\S�x(n)3��UÛógS©)¤N
2�:S�

Úx1(n)Úx2(n) §2©O?1DFT$�§¦Ñ��éA�X1(k)ÚX2(k)§,�|^1¤«�$�6§

?1R/$�§���N:S��DFT"

ã 1: R/$�

��N´2��êg�§ù«©)Ò���?1e�§��ÙDFTÒ´���1:��S�"��

���8:DIT-FFT$�6§Xã??¤«"

ã 2: 8:DIT-FFT$�6§

1.1.2 DIT-FFT???§§§µµµããã

MATLABJø�FFT¼ê´��O�DFT��U§S§UgÄÀJ¯��{?1DFT$�§d

u§´��Sï¼ê§^type·-Ã{���wÙ§S�è"
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MATLAB�ê|��US�;§�^eIÏ�§�eI´l1m©�§¤±3MATLAB§S

¥§Ï�ê|¥���(êâ)�§eI�3�SÒþ\1"^=Ïf�U�êýkO�Ñ5¿���

ê|Wn¥§�,Ó^
�
S�§�§S$1����Ï�N^§ÃI�EO�§�?�ÚJp$

��Ý"Ïd§^MATLAB¢yDIT-FFT�{�§SµãXã3¤«[1]"

ã 3: matlab¢yFFT§Sµã

1.2 MelÌÌÌÚÚÚMCFF

<�fúXÚ´����AÏ���5XÚ§§�AØÓªÇ&Ò�(¯Ý´ØÓ�"3�Ñ&

ÒA��£Oþ§<��fúXÚØ=�±J�Ñ�Ñ¥��Â&E§��±J�Ñ`{ö��<A

�"Ïd§�[<��fúa�?n�ª§�±��Jp�Ñ�£OÇ"

r�£Mel¤ªÇ©ÛB´Äu<afúa�¢��"¢�¥*ÿ�§<�Ù¢Ò���ÈÅì

|§�'5,
A½�ªÇ©þ§=<�fúéªÇ´kÀJ5�"<�¥�ÈÅì3ªÇ�I¶

þØ¬Ú�©Ù§3$ª«kéõÈÅì§©Ù���8§3pª«§ÈÅì�ê8��~�§�

©ÙéDÕ"Ïd§r�ªÇ�ÌXê(Mel Frequency Cepstrum Coefficient, MCFF)�Ä�
<�

�fúA�§kò�5ªÌN��Äufúa��Mel��5ªÌ¥§2=���Ì¥"

ÏL¢���§MelªÇºÝ���NéA¢SªÇ�éê©Ù'X§�¢SªÇ�'X�^e

ªCqL«µ

Mel(f) = 25951lg(1 + f/700) (2)
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Ù¥§f�ªÇ§ü �Hz"Ù'Xã�^ã4L«µ

ã 4: ÊÏªÇ�MelªÇ'Xã

�ÑªÇ�±�y©¤�X�n�/�ÈÅìS�§�Ò´MelÈÅì|"�y©��ÏÈÅì

�Hm(k),(0 ≤ m ≤ M ,M�ÈÅì��ê)"z�ÈÅìäkn�/ÈÅA5§Ù¥%ªÇ�f(m)§

3MelªÇ��S§ù
ÈÅìÑ´�°�"

z��ÏÈÅì�D4¼ê�µ

Hm(k) =


0, k < f(m− 1)

k−f(m−1)
f(m)−f(m−1) , f(m− 1) ≤≤ f(m)
f(m+1)−k

f(m+1)−f(m) , f(m) ≤ k ≤ f(m+ 1)

0, k > f(m+ 1)

(3)

Ù¥§
∑M−1

m Hm(k) = 1"

MelÈÅì�¥%ªÇf(m)½Â�µ

f(m) =
N

fz
F−1
Mel(FMelfi +m

FMel(fh)− FMel(fi)

M + 1
) (4)

Ù¥§fhÚfi©O´ÈÅì|��pªÇÚ�$ªÇ§fs�æ�ªÇ§ü �Hz"M´ÈÅì|�ê

8§N�FFTC��:ê§F−1
Mel(b) = 700(e

b
1125 − 1)"

1.3 DTW

Dynamic Time Warping(DTW)Eâ´ÄuÄ�5yg��)�§§�±¢yØ��A��þ

�ålO�"Ä��m5y^÷v�½^���m5�¼ê5£ãÑ\��Úë����éA�m

'X§¦)ü�����\Oål��¤éA�5�¼ê"b�c¥¥,�ë����A��þ�

�a1, ..., am, ..., aM§Ñ\�Ñ�A��þ��b1, ..., bn, ..., bN ,M ̸= N§@oÄ��m5�´�é�

�m5�¼êm=T(n)"T¼êrÑ\����m¶n��5N��ë�����m¶m§¿÷ve

ªµ

D = min

N∑
n=1

d[n, T (n)] (5)
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ª¥§d[n,T(n)]L«üv�þm�ål§D´�Z�m´»eü����ålÿþ"3�¢�¥§�

©æ�î¼ålµ

d(x, y) =
1

k

√∑k
i=1(xi − yi)

2 (6)

2 ¢¢¢���êêêâââ

·�ÏLmatlab¥audiorecorder()¼ê¹����©Ñªêâ§Ñª��Ý�ü¦¨§æ�ªÇ

�44100Hz§æ� ê�16 §æ�Ï�ê�2�Ï�§z�<z�êi¹�üg§o���0�9�

êi�©êâ�êþ�20�¶Ó���Ê�¤
�¶i�Ñêâ�4�"

ã 5: ¶iÑª&E ã 6: êiÑª&E

3 ¢¢¢���ÜÜÜ©©©

¢�Ü©�6§�µ

1) ÏL>M¹�Ñª¶

2) ò���Ñªêâ?1ý?n§²Là:uÿ��n��Ñªêâ¶

3) J�Ñªêâ�MFCCA�¶

4) ?1DTW�{|¢¶

5) ò���(J?1o(8B¶

ã 7: ¢�6§
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Ð©á�Uþp�� 50

Ð©á�Uþ$�� 10

Ð©á�L"Çp�� 10

Ð©á�L"Ç$�� 2

��·Ñ�Ý 8ms

�Ñ���Ý 20ms

L 1: à:uÿ�ëê�I

3.1 ààà:::uuuÿÿÿ

du·�¹���¸Ø´ýéS·�§z�<�¹Ñ���Ø¦�Ó§¤±z�<¹��Ñª§

¤±¬Ñy�k�½DÑ�Ñª§�
l�kD(��Ñ¥O(�½ Ñ�Ñ�m©:§Ú(å

:§�K·Ñ�Ü©§�KD(�Ü©§é��ã�Ñý�k��SN§·�?1à:uÿ£Voice

Activity Detection¤§ùp·�?1�´ÄuK��VAD§ÏLJ���£á�Uþ!áÏL"Ç

�¤½ª�£MFCC!Ì��¤A�§ÏLÜn�����§��«©�ÑÚ��Ñ�8�"

·��à:uÿÐ©A�K�XL1¤«§ÏLù���I§·�uÿÑ5�Ñª&E�±LÈ

K�Ü©�DÑ§Vàuÿ�(JXã18Úã24¤«"

·�òà:uÿ���Ñª&E���txt©��ª�B�Y¦^£ã25¤§Ó�§�
êâ�

O(5§·�éÑª?1\I�2g?1à:uÿ§©O��Ñª3\\Ý/I!ÇwI!Ç²I�

Vàuÿ���êâ§¦�êâ�?n�\�õ"

3.2 MFCCAAA���JJJ���

3.2.1 ©©©vvv

·�ò¤���êâ?1©v§�Ñ�Nþ´�²&Ò§·��256�êâ:��v§�;

���vm�L�Cz§v�mA��U§À�v£�v��1/3§=80v",	�
�B�¡

�FFTO�§ùp�v���2����ê"

3.2.2 FFFppp���CCC���

�Ñ���&ÒCz×�§Ø´©Û§ª�Cz�é�ú§Ïdé\IÚà:uÿ�¤��&

Ò?1¯�Fp�C�FFT§2ò��ïé¡Ü©�²�O�&ÒUþÌ"ùp·�éz�v�Ñ?

1256:�¯�Fp�Cz"ã36�Þ
êi0-91�vFFT�ã/"

3.2.3 nnn������ÏÏÏÈÈÈÅÅÅììì

òzvUþÌ¥��5ªÌ�Ý=z¤ÎÜ<�fúA5�r��Ý�§òÙÏLXã37��

|24�n�/�ÏÈÅì§O�ÏLz�ª��Uþ¿�éê"

3.2.4 lllÑÑÑ{{{uuu===���

lÑ{u=�(DCT)Xê´^5òUþ8¥3c¡A�¥§��3~��OëêJp$��Ý�

Ó�qØ�ÙO(5�8�"úª7=�éêUþEk=�¤L��r�ªÇ�ÌXê"

N∑
k=1

Ekcos(m(k − 1

2

π

N
)),m = 1, 2, 3 · · ·L (7)
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ã 25: à:uÿêâ

Ý/Ie¶iO(Ç 0.9598

Ý/IeêiO(Ç 0.7237

°wIe¶iO(Ç 0.9598

°wIeêiO(Ç 0.7471

Ç²Ie¶iO(Ç 0.9598

Ç²IeêiO(Ç 0.7429

L 2: O(Ç

3.2.5 ���þþþ���ÌÌÌëëëêêê

éõ©z¥J�|^�þ�Ìëê5é�Ñ�Ä�A5ëê?1£ã[2]§�±JpXÚ�£OU

å"���©MFCCëêLy�c�Ñv�c�v�m�'X§Nyv�v£��üv¤�m�é

X§¤±·�Ü¿mfccëêÚ���©mfccëê/¤MFCCëê§¿��ØÄ�üv§Ï�ùüv�

���©ëê�0§O\MFCCëê�O(5§Or¢��ýÿUå"·�ò¶i/
á0��|Ñ

ª�mfccëêÚ���©MFCCëê?1Åv±ã§(JX38Ú39¤«,

3.2.6 DTW���{{{|||¢¢¢

3ùp·�¦^matlabg��DTW�{§Ü©�èX40¤«"

3.3 ���ÑÑÑ£££OOO(((JJJ

·�¦^matlab�DTW�{éêiÚ¶i�MFCCëê?1|¢§ò���ål�I��e

5§^���y��{§Ôö8�ÿÁ8�'~�9:1§3?11000g�EÁ��§���êi£

O3ØÓ�I¼êe���O(Ç�Ø¦�Ó§Xã47¤«§x¶�ÿÁgê§y¶�O(Ç§3Ý/

Ieêi£O�NO(Ç�$§3Ç²IÚ°wIe�êi£OO(Ç�Øõ¶�´¶iO(Ç3

n�Ie�O(ÇÅÄØ�"äN�²þO(ÇêâXL2"

4 ¢¢¢���(((ØØØ

ò�Ñ²Lý?n§��ÏLª�A�©Û§=\I©v����nv�Ñ&Ò?1á�Fp�

C���nv�Ñ�ª�L«/ª¶��·�¦^MelªÇ�ÌXê�nJ��ÑA�ëêMFCC§

��ÏLDTWéz��á�Ñ&Ò?1�¬��"3?1õg�¢��uy§DTWEâé�á�Ñ

�£OO(ÇU
��70%�m§��pu��©Û¥Äu8¤ÆS©a��Ñ£O�J¶Ù¥§é
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ã 41: rectangle name accuracy ã 42: rectangle num accuracy

ã 43: hanning name accuracy ã 44: hanning num accuracy

ã 45: hamming name accuracy ã 46: hamming num accuracy

ã 47: £O(J
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