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Chinese aspirates are usually difficult to pronounce for Japanese students.

In particular, discriminating between the utterances of aspirated and unaspirated 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 aspirated bilabial and aspirated velar by
observing the spectrum evolution of breathing power during both voice onset time and voiced period
of sounds uttered and formants F1-F4 by 30 Chinese native speakers. We developed automatic
discrimination system for Chinese bilabial and velar aspirated sounds and unaspirated Sound. The
success rates of the system were higher than 91% and 98% ,92% and 93% for bilabial aspirated and
unaspirated and dental aspirated and unaspirated, respectively.
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AT, BEO HRE) & [HKE ] OXf, pa[p’a] -ba[ba], pi[p’i] - bi[bi], po[p’o] -bo[bo],
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Voltage  syllable balpal syllable palpal Voltage syllable bilpil Syllable pilpil
Fig.1 Spectrograms of unaspirated aspirated Fig.2 Spectrograms of unaspirated aspirated
syllable balbal (Jeft), and aspirated syllable syllable bi[bil (Jeft), and aspirated syllable
palp’al (right), pronounced by a Chinese pilp’il (right), pronounced by a Chinese
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Fig.3 Spectrograms of unaspirated aspirated
syllable bo[bol (Zeft), and aspirated syllable
polpol (zight), pronounced by a Chinese

Fig.4 Spectrograms of unaspirated aspirated
syllable bul[bul (feft), and aspirated syllable
pulpul (right), pronounced by a Chinese
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syllable gafka] syllable kalk'al Voltage: ypaspirate of velar Aspirate of velar

syllable gefks] @ SYlable kelky)
Fig.5 Spectrograms of unaspirated aspirated
syllable galkal (left), and aspirated syllable
kalk‘al (right), pronounced by a Chinese

Fig.6 Spectrograms of unaspirated syllable ge[ke]
(left), and aspirated syllable ke[k¥] (right),
pronounced by a Chinese speaker.
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4. HFFERE

Table.1 Evaluation Criteria on Utterance of Bilabial

Aspirated Syllables During VOT (VOT > 60ms)

(1) AEFHBIHONT A=

Syllable Patern Channels{(CH) Frequency domain(Hz) VOT range Awve Power in VOT

AT, PEEERES 50 A DEE
O THRE] & THEXKE] OXF, palpal
-ba[ba], pi[p’i] - bi[bi], po[p’o] -bo[bo],&
pulp’u] -bubu], HERFHF D K] & [

palo®al @

pilp ‘il
ro[p‘o]
pu[p‘u]

CHO6~ CHO9 1050~ 1850 40ms or more 4 or more
[ CH13~ CHI15 2450~ 3050 40ms or more 3 or more
(€3] CH19~CH21 3650~ 3050 40ms or more 3 or more
CH10~CH31 1850~ 6150 55ms or more 28 or more
CHO1~CH206 50~ 5650 60ms or more 34 or more
CHO1~—~ CH26 50~ 5650 70ms or more 42 or more

K] Oxt, kalk‘a] -gaka] , ke[k‘s] -
gelky], & ku[k‘u]- gu[ku]DFEEDHFHIIC
%L T, SRS LIZRFEDNNT — A~
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Table.1, Table.2 & Table.3 |ZEE D
[HRE | OFRFHEOFANIENE & A 7 I D%
FEDT N~y NEEREEZ TR LTS,
Table.4 [IEH DO EKE ] OAF MO
FED T N~y NEEEREEZ TR LTS,

Table.5 & Table.6 IZHERE D I HX T

D FE5E O REAR HEUE & A7 75 B o0 R 5
D7 H N~y NEEBEMEEZRL TS,
Table.7 [T HERE D THEKE ] OF 7 H
RIDORIFEO 7 L~ NEBEEMEA 7 LT
W5,

(2) 3 EEHB]FIA
AW TIE, BEO BRE] & TERET)
DOFHEI%T, balbal-palp’al, bilbil-pilp’il,bolbol-

polp’ol,bulbul-pulpulizxfL T, HA A4 50
4y, HEREGEE 50 44535 OFRGEE VN CHIBI
UERVERRL, T ORAEZIL S H B AR AT A

ZEHFEL, P EERAIT o7,

Fig. T 1 IHEREOE SO THXH) & [
RE | OFEHOBEHBIOWILETH S,

Stepl Tl MFRE) & QG OREE
ALV arEa—X AT 5,
Step2 TIE&Fik% 35 F v /L (CH) ®
7 4B =X 7 (FBIC LV BEfENTT %,
Step3 TIIKFEHED VOT OFE & & HEIZ

HES 5, Stepd TiX VOT 7 20ms UL ETH
i Steps ~iEde, 20ms LLFT, VOT £

CH O/RU — RS 22 AT AU, A7
KON RT — % BEIMICEE T 5,
MERE] O7 L~y M AT 2%
AT, MESE) © F1~F4 OfEZHIEL,
Table.4 |2 R T G2 AT, EBXE) OF
o HEHEBIZ1T 5, Steps TIL VOT 23
60ms LA ETHIIL, Stepba ~HEA T, /T
—MMOLAEKEOER O BB 21T 9, HB
JEYEAE X Table.1 & Table.3 12779, 60ms
LR 5,

Table.2 Evaluation Criteria on Utterance of Bilabial

Aspirated Syllables During VOT (20ms<VOT <60ms)

Syllable Pattern Channels(CH) Frequency domain{Hz) VOT range(ms) Ave Power in ¥OT

palp®al @© CHO6~ CHO9 1050~ 1850 20=VOT<60 7 or more
] CH13~CHI15 2450~ 3050 20=VOT<60 6 or more
€3] CH19~ CH21 3650~ 4450 20=VOT<60 6 or more
pilp “i] CH10~CH26 1850~35650 20=VOT<60 35 or more
po[p‘o] CHO1~ CH26 50~ 5650 20=VOT=60 40 or more
pul[p‘u] CHO1~CH26 50~ 5650 20=<VOT<70 48 or more

Table.3 Evaluation criteria for formants of labial
aspirated syllables during voiced period after VOT

Syllable FI(Hz)/ (CH) F2(Hz)/ (CH) F3(Hz)/ (CH) F4(Hz)/ (CH)

palp‘al 450~1050/(CH4-CHS) 1050~ 1650/(CH6-CHS) 2450~3050/(CH13-CH15) 3250~ 4450/(CH19-CH21
pilp‘i]  50~450/(CHI-CH2) 1850~ 2450/(CH10-CH12) 26503650/ (CH14-CHI8) 3650~ 4250/( CH19-CH2()
po[p‘o]  50~250/(CHI) 250~ 650/(CH2-CH3) 650"~ 1050/(CH4-CHS) 2650~ 3050/(CH14-CH15,
S-450/(CHI-CHY)  450~850/(CH3-CHA) 22502650/ (CH12-CH13) 3050~ 3450/(CH16-CH17

ou[p‘y]

Table 4 Evaluation criteria for formants of labial
unaspirated syllables during voiced period after VOT

Syllable F1(Hz) (CH) F2(Hy)/ (CH) E3(Hy)/ (CH) F4(Hy)/ (CH)

balbal 650~1050/(CH3-CHS) 1030~ 1650/(CH6-CHS) 2450~ 3050/ (CHI3-CHIS) 3650~4450/(CH19-CH21)
Bilbi]  30~450/(CHI-CH2) 1850~ 2450/(CH10-CH12) 26503650/ (CHI4-CHI8) 3630~4250/(CH19-CH0)
/(CHI4-CHI3)
I )

bofbo]  SO~250/(CHL)  250~6S0/(CH2-CH3) 650~ 1050/(CH4-CHS) 2650~ 3050/
bufbu]  50~450/CHICHY  450~850/(CH3-CHY) 2250~ 2650/ (CHI2.CHI3) 3030~3430/(CHI6-CHIT
Table.5 Evaluation Criteria on Utterance of
Velar Aspirated Syllables During VOT
Syllable Patern Channels(CH) Freguency domain{Hz) VOT range Ave Power in YOT
kalk‘al (@ CHO5~CHO7 850~ 1450 60ms or more 12 or more
@ CH13~CH20 2450~ 4250 60ms or more 26 or more

kelk “¥] CH7~CHI12 1050~ 2450 60ms or more 7 or more
ku[p‘u] CH1~ CH6 50~1250 60ms or more 16 or more

Table.6 Evaluation criteria for formants of Velar
aspirated syllables during voiced period after VOT

Slbe  FLEY(CH R (B B(E)(CH) F(E) (CB)

Kalk‘a] 450~BS0/(CEB-CHA) 1050~ 1250/(CH3-CHA) 2450~ 2850/(CHI3-CHL4) 3050~ 450/( CHIGCHI)
Kelk's] 250~ 630/(CHI-CHS) 1050~ 1450/(CHG-CHY) 28503050/ CEHIS) 30503450/ (CFHL6-CHI7)
Rk SPSOCHICE)  S0~UCDCHY) 2850050 36s038s0/CHnY)

Table 7 Evaluation criteria for formants of Velar
unaspirated syllables during voiced period after VOT

Sylable  FLH(CH) (M) (CH) F3() (CH) FA(F) (CH)

galkal 450 650/(CHA-CHA) 1050~ 1250/(CHS-CHe) 2450~ 2850/ (CHI3-CHI4) 2850~ 3250/, CHIS-CRile)
gelke] 230~4S0/(CHI-CHI) 1050~ 14SOCHO.CHT) 2850~ 3030/(CHIS) 3050~ 3430/ {CH1G-CHI)
ouke] SOASO(CHICHY)  S0~GS0(CHRCHY DBSOMA0S0/CHIS)  3650~4250/(CHI9)
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Step7b TiL VOT DR/ Z — 2 OIIEH T AT stept Tnpi of Utterancce of Aspiatedand
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?/%:]J:EE lﬂ—a—é ’—ﬁ. <\ J 0)4:”%[]%:% j: Table 2 & Step? Automgtic Measurement of Spectrum
Evolutionby 35CHs filter bank
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F4 O Z1T > 72, 2 Z TOHBIEMEIL TH LT
DFREED F1~F4 FTOET, Table.3 Z/x L7,

Stepba

(3) FRE OB HEHBIFIE
ARFZETIE, FRETO THRE) & MERE)
DOEH%f ka[k a] -ga[ka] , ke[k¥] - ge[ky], & ku[k‘u]-

StepTa
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]

Stepd | Is VOT more than 20 ms?

|&

Yes ‘
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60 ms?

Yes L
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StepTb
No
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Labial referring to
Tabled?
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referring to Table2 and

Fig.8 IXHEFEOFRED HRE) & X
% OFHOABHBORNKTH S, Stepd T
1% 7a60 VOT O S 2 HEICHIET 5, Stepd

TIXVOT 28 60ms LA ETHIIX Stepd ~itide, 60ms
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L& RWT, CH IZAIE DA R X O T —
ZHBEICEHE L, F1I~F4 ot 217-57-, 2 Z TOH|
BIEEYEL THRS ) D3EED F1~F4 £ TOE T, Table.6
s LTz,

VOT H o4 CH DR — |7 2 N T T
AL BEE] O7 v~ HEEHjVXTAaEH%
WG, ﬁfﬂEFﬁEljﬂ)q:i’J/\U ZHENICEE T D,
ZCOHBIERET MESE ] OFEO F1~F4 £ T
EMENHRD, Table.7 IR LTW5, AFKXEF O CH
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Fig7.Discrimination diagram of aspirated
and unaspirated Labial syllables

Stepl
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v
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Automatic measurement of spectrum
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Stepf - | Special feature No+
during VOT
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referring to Table5 and

Table7?

velar referring to

Yes $

LN&'

Yes l

l\Iov

Success 4 Fail

Success j

Fs.l.l

Fig8 .Discrimination diagram of aspirated and
unaspirated Velar syllables

Table.8 Number of correctly judged student's pronunciations
among a group of 50 by native Chinese speaker and our
iudement svstem

LOBED THREF] & MERE] TR L

Unspirated labial syllables

Aspirated labial syllables

<, H @J#IJEIJ\/XTA@;%%%%ﬁoto 0

ba[ba]

bi[bi] | bo[bo] | bufbu]

palp'a]| pi[p'i] | po[p'o] | pulp'u]

fE, B THRE ] OREEEHBIE
DITENEN 42,45,43,43 T2 P [EE

Number of correctly judged ones
by native Chinese speakers (1)

45

47 45 46

44 16 45 45

E 9 4l cbh X, FNFEN 44,46, 45,45
11310)%‘%3%75??%%72 G55 LaHmish,

Number of correctly judged ones
by our judgment system (2)

44

46 43 44

42 45 43 43

[El 35 n%%z))ﬂ_:ﬁﬁ L #UL—E L7ZHaED I B, %

Correct judgment ratio (2)/(1)

98%

98% | 96% | 95%

95% | 98% | 95% | 95%

LEH 95%, 98%, 95%,95% % IEFE /2 Fhf:
EHEL TR, Wb @ WHBIRES
7_5 [l U< AARANSAE 50 400 THERE

Table.9 Number of correctly judged student's pronunciations
among a group of 30 by native Chinese speaker and our
judgment system

Fl% j: > a %b#”/ujlj :/XT-ZAZ J: D 44, 46, Unspirnted velar syllables Aspirated velar syllables
43 44 @75)1’5%7& ’— J CE #IJ/DJIJ é j/l/ galkal ge[ks] gulku] ka[k'a] Ke[k's] ku[k'u]
EFI .un nﬁ% 9 % j: 45 47 45 46 ﬂﬁl@% n% Number of correctly judged ones 28 27 28 27 a5 27
WIEfERTERE ] LFHMESh, ThEth ‘:_ “':“’_" :""“f’“ I".’“:““’I -
100%, 95%, 97%, 95% & & HIZEVVHIB] o judgment sywiem G T s % 26 = s
%375)3%5 j”bf: R Correct judgment ratio (2)/(1) 96% 95% 953% 96% 92% 293%

ﬁ&%@é@%ﬁ#% IZOWTIE, Table 9I/RLTWA X D ICAERITHANTE 30 4 DFE

REDO THRE) & TERE] |
R @%uﬁk#UBUéz}Lt

W% LT, BEPHIBIS AT LD EBREZIT 7T, DR R :truiﬁrfﬁ Fﬁ
IZFNER 26, 23, 25 Th-o7-23, P EREES 9 4 OTEEGEER I




TER 24, 25, 27T EOFEENIEM: THRE) LiHiisi, FEGERES 23 1EM &OHE LI RE6
DI, ZIEI 96%, 92%, 93% % ERE/LFEEE & HE S, Wb EWHBIERES 25, IE
e/ TS | 13X, FNEN 96%, 93%, 93% & i\ VIR EHT-,

AWRITESE EERED [FREF) & HXE oFEHEZ B E LT, VOT Ok
Bz —r O 2T, AFHBETORGEOE AT Mz AEEE T2 LIk
D, FEEORHE E LT F1I~F4 Z4hitH U7z, RO 7ZHBIFEAEIC L0 BEPABIS AT A% B3
L, BFHEOEHO VOT EAFHMT O AT —2HEIET S22 212Xk THRE]
L TRSE ] OFHOHBHBIOFEREIT-72, TORBE, WINLEWHBIENRES
7=,
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