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CALL systems that can support Japanese students to study foreign languages have been
developed in recent years. We have been developing an English pronunciation training
system that enables learners to evaluate their pronunciation at an articulation level by
using an articulatory-feature (AF) extractor. In this paper, firstly, an English
pronunciation training system that can plots articulatory manner/place of a learner's
English pronunciation on an International Phonetic Alphabet (IPA) vowel-chart in real
time is described. The system converts an input utterance into an AF-sequence by using
multi-layer neural networks (MLNs) of the AF extractor, then the AF-sequence is
converted to the coordinate on an X-Y dimensional surface and plotted on an IPA
vowel-chart that can shows the correctness of his/her articulation. In the experiments of
native speakers on a TIMIT corpus, satisfactory accuracy of plotting was achieved.
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~NEHEND. ASDOLF LD AF 12iE, L BICHER T L—Ax, &R 3 AN
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F TR, B 3 HEENT. T L — A (X3, Xeaz) DAY FAAERE G Z & T, AF
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—DBEMEZ 01 L L, BREVERHREETHWZ.
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J Transformation

m | \_AFi-s, AF:, AFes (28dimx3) |
2EE REFEETI DY
X7 RE~y T VAT DOFEAREK

24 RERBICKS IPABERLE~ADUTILE A LERT

FEERERE S~y TOHREF Z K 6 1R, EE~ v FIEK 4 O IPA BEFH([5] £
DEIA)ZBLIEMERICE SRS NEE SN, DEOREXEEZRTA7—L, H0O
Y ENDEERT A=, ZFLTCa—FOREMNEBEBZ RTHRODIERNSRD.
HAITFEEEORTORBEMBICHIS LBENIC ey &b, FEER
EELRNLHSOREELHRET A ZENTETHS. HEANBELTHIRERT
FIGEWEEELL RETETCWND I LEERLTNSY, REFIIOEORE BA
LEDREY ENANBOAr— L E2BEIC LT, HEELHRLITEE LN SHETHIC
HEIMERBET D LN TED.

WEHERE~ Yy T VAT AOMRER TIORT. BIRR VAT ADA A —T1F
LFOBEY TH 5.
1) VAT APFEEREORE 2RI 5
2) FEFEIMHARIC XY 10ms 712 48 IR T OIS HE AT 5.
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B XY EEICERT S,
4) E~ v T EON R E BB DOEIE~BET 5.

WA HEAB I WA gR N TRAT SN DT EE S XY JEEA~D LT VT ) AL Z LT
(b7
1) X BEAESWTIE THIEHE (AFron)] [ EE (AFcentrar)] [ 5 (AFpak) ] DFFEE %
HEICK 8 IR TRIETEREIND
2) Y JEREIZOWTIE THRREE (AFgiose) ] T HEBEREE (AFgiose_mia)) [ 1A REE (AFopen_mid) )
NAREE (AFgpen) | DRHEEICES & 9 IR T FIETEHRT D

728, Dyign 3R E~ v 7T DX FHOE X, Dheight WIRE~ Yy 7OY HHOE S Z2/RT.
X 8, 9IZ/RT T TY XA, RAKMERDEEEORLTIERL, FFHERI
BT AR ME LW TEEEZRE L TWD. o/ X 5 ICHEMEDOEE N KX
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WERIFFMEIC L > THET2EHMIC L+ B END 720, T OB FEEATIC
HnazZ e, Th TNl V0ol 2B EIZH LTHEELTT 7y NE(T
HITEMNTES.

JEREE RN HR O N D EEME R E~y T EIcTay b5 E, v v IBREET
DO~y T THTIRIEMIZT ey hT2IENRTERNVED, MELHEEZITo -
Blicwy T E~Tay N5, 2720, BRTHMERCITELVWy B 7LD
FREED =2 A LT 5720, JEREEHIRD D5 O T FEZIZ SV TRl L 7=,

8 TR D X EEIE~DOLEWT LT Y XL

|f AFfront ﬁ)%k
X = (AFcentral / AFsont) * (Duwiatn / 4)
else if AFentral 23 F K
if AFfront > AFback
X = Duyigth * (1/2) — (AFsiont / AFcentra) * (Dwiatn / 4)
else
X = Duyigth * (1/2) + (AFpack / AFcentra) * (Dwiatn / 4)

else
X = Duigth = (AFcentrat / AFsont) * (Duwiatn / 4)
9 PHERDS Y JEE~OEW T LT Y XN
if AFjse 23K

Y = (AFcIoseimid /AFclose ) * (Dwidth /6 )
else ifAFcIose_mid Z)i%jﬁ
if AFcIose > AFopenimid
Y= Dheight *(1/3) - (AFgiose / AFcIoseimid ) * (Dwigin/ 6)
else
Y= Dheight * (1/3) + (AFopenfmid / AFcloseimid ) * (Dwidth /6 )
else if AFqpen_mig 23 X K
if AFcIose_mid > AI:open
Y = Dhreight * (213) - (AFcIose_mid /AFopen_mid ) * (Dwign / 6)
else
Y = Dheight * (2/3) + (AFopen / AFopen_mia ) * (Dwidin / 6)
else

Y = Dheight - (AFopen_mid / AFgpen ) * (Duwigin / 6)

(© 2011 Information Processing Society of Japan



T LB TR
IPSJ SIG Technical Report

3. ERM=ER

KR ERE Yy TIEFEETORELZ 2R PR CTH D IPAREX LIy b L
7/7L@%E@vt@ﬁﬁm&u%#%%%ﬁﬁwgw%ﬁﬁm’ﬁ%#é%@f
DT, RAT 4 THEERFICEWRE TN R INTEAE, BEE &R U
t“?L ey FENDZEREETHD. T, SENIFFERNGESE OREND
T U7 E Rl A ~ o 725 U T JRARAE & A& EEE RS O IEfRIEIE A ik U, BH %
LR ERE~ Yy TORELZFTMT 5. AERICHWZEFERHT TIMIT[6]TH
D, FEMELLTICRT.
D1: %%+ v b (MLN ZEH)
TIMIT 2600 3¢, B 3254 (16kHz, 16bit)
D2 : #ffiit » bk
TIMIT 896 3¢, 1% 1124 (16kHz, 16bit)

31 FAERMOBHEE

%ﬁféfﬂy%%ﬁﬂﬁ®%ﬁ,7D/F%Vl%@%&ffTAﬁ®ﬁwﬁa
FHMoOMBBEZERLEZ., 28ty NIV EEFEALAO MLN 2 AWt » b
DEFRT —Z 0L L7z AF28 otz xf I/“C, WA 3 fh HRS E (AF-Correct Rate;
AFCR)Z#HH L 7.

AFCR=(EL<HIIITE /=7 L—2a% | 7L —28) X 100 [%]

o
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AFHIHRE[%]
M oA B ®
S 3

(=]
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A a & 1 1 u v & 3 0
FEAS RS 2 R (b HEORS
F 2 REREERORE~ v TIB D EREE
a i I u 0 8 l 2

X 50 | 100 | 100 0 0 25| 100 80 0 50 | 100
Y 50 66 | 100 82 0 25 0 20 66 66 66
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X 10 ICEFREOFTHEHBOMBBIELRT. £2TOFRITH L T 85%% B2 5
HERG O, 72720, /I OMHENBEEKOEER & LT, XEFEDLIOREIE
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F72, U, 6/l WTIE, FH T —Z T olol O BB MO RIS IEFE 2D 72 n
729 MLN OFERR+5THY, FRE R BRI WU/ OF BB R E RIT L
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FREEL ﬁmm , R DOIYE OFERE L ERERE OB 0 DBA1E 100% & 72 5.
BIGERB KT 71y h—8HEEK 12 1TR-7. llzti ETOFFRIZBW
fm%MLw BORPG OGN, RSN M EBRIZ I W TS RO 2K
ST HEDLOTEN—ERNE LN, 2L 3.1 TR EMEOLE K 8,
KODEMWTNLITY XML > THINENTZIeOTHD EEZBND.
DICARERTIIGEEICLD2 70y hORLSX 2R T D720, TIMIT OXEE
—HIMEENTWALEEEDOHTEERE L LICHEEE 82D V—TZH5F, %
NENOITL—FIZRLTTay Ne{Tolo. A I N—TEDO LY EE L B O~
v PTG S LB 21T o727 ey b LEREEZR 13 18T KPR oAk
TARTHEEA IPA ORER M L CH 5. Ko O RS ITIEfFERE ) SN 7=
fLEIZT By FENTWDEN, POERLFEE /N —THOILLERN/NINT &R
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4. FEO

PEERTIE Y 7 MBI 2B EMEOEURB L QUG EMRE L LT, TR MIcE
SELEFEEORHTIEE IPARFR LY TAE A AT ay b ARENTEEE~
v EREL, MEERICLVZOT oy NEEEZME L. RENEFESE M
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