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Chinese aspirates are usually difficult to pronounce for Japanese students.

In particular, discriminating between the utterances of front nasal sounds and back nasal sounds.
Front nasal sounds and back nasal sounds is the most difficult to learn for them. For the students”
self-learning, the automatic judgment system has been developed using a computer, so as to check
their pronunciations by themselves.
We extracted the features of correctly pronounced front nasal and back nasal by observing the
spectrum evolution of breathing power during and formants F1-F3 in the voiced period of sounds
uttered by 30 Chinese native speakers. We developed automatic discrimination system for Chinese
bilabial and velar front nasal sounds and back nasal sounds. The success rates of the system were 76
% and 86% for bilabial front nasal sounds and back nasal sound., and higher than 82% and 81% for
velar front nasal sounds and back nasal sounds.
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Figure 1 Spectrograms of labial syllable of front
nose ban[ban] (left), and back nose bang[ban]
(right) pronounced by a Chinese speaker.
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Figure 2 Spectrograms of velar syllable of
front nose dan[dan] (left), and back nose
dang[tan] (right) pronounced by a Chinese
speaker.
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Figure 3 Spectrograms of velar syllable of front nose
dan[dan] (left), and back nose dang[tan] (right)
pronounced by a Japanese student.
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Table 1 The evaluation criteria of utterance of
labial back nose syllable

Syllable Channels (CH) Frequency domain(Hz) Ave.Pow. in Voic. Peri
bang[bang] CH10~CHI16 1750~3150 2 or low
CHO06~CHO09 950~1750 16 or more
beng[ban] CH09~CH17 1550~3150 1 or low
CHO02~CHO08 150~1550 11 or more
bing[bin] CH04~CH13 550~2550 1 or low
CHO1~CH26 2550~4550 32 or more

Table 3 The evauation criteria of utterance of
labial front nose syllable

Ave.Pow. in Voic. Peri

Syllable ~ Channels(CH) Frequency domain(Hz) Voiced range

ban[ban] CH11~CH16 1950~3150 20ms or more 3 or low
CHO6~CHI11 950~2150 20ms or more 18 or more

ben[ban] CH11~CHI4 1950~2750 15 ms or more 4 or low
CH02~CH10 150~1550 15ms or more 16 or more

bin[bin] CHO03~CHI2 350~2350 0-100ms 2 or low
CHO04~CH13 750~2550 100ms or more 35 or more

Table 5 The evaluation criteria of utterance of
Velar back nose svllable
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Table 2 Evaluation criteriafor Formants of
labial back nose syllables during voiced period

Syllable FI(Hz)! (CH) F2(Hz)! (CH) F3(Hz)! (CH)

hanglban] 350~ 1150/(CH4-CHO) 1550~ 1750/(CHO-CH9)  3550~4350)/(CH19-CH22)
benglban] 950~ 1330/(CHE-CH?) 1350~ 1930/(CHO-CHI0)  3750~4350/(CH20-CH22)
bingfbin] 3750~4350/(CH20-CH22) ~ 451~850/(CH3-CH4)  2250~2630/(CHI2-CHI3)

Table 4 Evaluation criteriafor formants of labial
front nose syllables during voiced period

Ty (CH) F2(H) (CH)

Syllable F3(Hz)/ (CH)

banfban] 750~ 1150/(CH3-CH6)  1950~2350/(CH11-CH12) 3150~4150/(CH17-CH21)
benfban] 350~ 1150/(CH3-CH6) ~ 1750~2550/(CH10-CHI3) 3350~4150/(CHI8-CH21)
binfbin]  350~950/(CH3-CHS) ~ 1150~1950/(CH7-CHI0) 3350~3950/(CHI8-CH20)

Syllable ~ Channels(CH) Frequency domain(Hz) Voiced range Ave.Pow. in Voic. Peri
dang[dan] CHO3~CHI2 450~2450 0-300ms 9 or more
CH18~CH23 3450~4850 0-300ms 7 or more
deng[dan] CH02~CH10 250~2050 0-400ms 6 or more
CHI12~CH26 2250~5650 0-400ms 3 or low
dang[t’ ay] CH02~CHO8 250~1650 50-400ms 18 or more
CH17~CH24 3250~5250 50-400ms 13 or more

Table 7 The evaluation criteria of utterance of
front back nose svllable

Syllable ~ Channels(CH) Frequency domain(Hz) Voiced range Ave.Pow. in Voic. Peri
dan[dan] CHO5~CHI3 1950~3150 20ms or more 3 or low
CH16~CH23 950~2150 20ms or more 18 or more
den[don] CHO03~CHI1 1950~2750 15 ms or more 4 or low
CH15~CH25 150~1550 15ms or more 16 or more
dang[t> an] CHO2~CHI1 350~2350 0-100ms 2 or low
CH11~CH24 750~2550 100ms or more 35 or more
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Table 6 Evaluation criteriafor Formants of velar
back nose syllables during voiced period

Syllable F1(Hz) (CH) F2(Hz)/ (CH) F3(Hz)/ (CH)

bang[ban] 200~ 1500/(CHI-CHS) 1500~2500/(CH8-CHI3) 3500~4500/(CH18-CH23)
beng[ban]  200~1500/(CHI-CHS) 1000~ 1500/(CH6-CHS) 3500~4500/(CH18-CH23)
dangft’ ag]  400~800/(CH3-CHS) 600~ 1200/(CH4-CH?7)  3400~4000/ (CHI8-CH21)

Table 8 Evaluation criteriafor Formants of velar
front nose syllables during voiced period

F1(Iz) (CH) F2(Iz) (CH)

Syllable F3(Hz)/ (CH)
dan[tan]  500~1500/(CH3-CH8)  1500~2500/(CH8-CH13) 3150~4150/(CH17-CH21)
denftan]  200~800/(CHI-CH5)  500~1000/(CH3-CH6) ~ 3500~4000/(CHI8-CH21)
dan[t’an]  200~600/(CHI-CH4)  1600~2200/(CH9-CH12) 4000~4850/(CH21-CH25)
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Figure 4 Discrimination diagram of front nose
and back nose labial syllables
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Figure5 Discrimination diagram of front nose
and back nose velar syllables

Table 9 Number of correctly Jud%ed student's
pronunciations among a group of 10 by native
Chinese speaker and our Judgment system

Back nose labial syllables

} No
Special feature
of front nasal?

Step5 Step6

Front nose labial syllables
ban[ban] ben[ban] bin[bin] bang[ban]ben[ban] bing[biy]

Number of correctly judged ones
by native Chinese speakers (1) : 2 : & 9 40
Number of correctly judged ones 7 8 8 6 8 9

bv our iudoment svstem (2)
Correct judgment ratio (2)/(1) 78%

Table1l0 Number of correctly judged student's
pronunciations among a group of 20 by native
Chinese speaker and our judgment system

86%  89%  86%  89%  90%

Front nasal sounds Back nasal sounds

dan[dan] den[dan] dan[t'an] dang[day] den[dan] dang[t’ an]
Number of correctly judged ones
by native Chinesc speakers (1) 1 18 L 1 1 16

Number of correctly judged ones .
by E-learning system (2) 15 ¢ 14 13 14 13
Correct judgment ratio (2)/(1) 83% 89% 82% 86% 82% 81%
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