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Recognition of Phonological Examination
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Abstract: Developmental dyslexia is a main element of learning disability and its early detection is very
important for intervention and reading treatment. A convenient screening test using PC has been published
and the answer times in text reading, reversed reading of word and mora skip of word are automatically
recorded in the test. However, the correctness determination must be done by tester. In order to automate
those test, a speech recognition technology corresponding to a non-word that are non-meaningful words used
in an examination is necessary, but in conventional speech recognition, recognition precision for non-words is
low. Therefore, while reinforcing the function of conventional speech recognition, the accuracy for non-words
to be improved to a level that can be practically used for phoneme examination. In this study, we have tried
to improve the accuracy for non-words by incorporating a mechanism to determine non-word correctness
into Julius, which is in the public domain and can be modified freely. In addition, six candidates are given
as feature quantities of speech, and the trend of the accuracy by the combination is examined. As a result,
depending on the target non-word, the accuracy was 75.0% to 95.0%, and the overall average value was
87.5%.
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Table 1 ELC phoneme manipulation task.

g Till Bx
HicE | Fd | R{lw | Aln
e | P05 [ S | 2ERE | 2RE
S e o2 (550 | B5n
DLz | LD | OFEDLY | 0FD
AL | LA | WERLT | WET
e 72 | O | BOhT | @y
"Ireo [ obr | seac | mez
e | (kv | kods | kT

Tl b EAT 5 HEEN & R RER BN LR T 5 2
LiZk o THEBEATWYS [5].

LAY, —MOEFRHCIEENRIZLISGE, 0
HFESIHRIT T0%~80%I12 & & F 0, HEEIZHA~EL %o
TWwab [5].

IR DOEFEEBOIT L A EDVELOHEFED H
JExR ATHZEICS S D LWEELEE L KERaE b =
A THY, FEENRE LEBTEII D> T w
e, HEICFIEELRALLEHIN T RN LA
R L TWE ., RIS O EHERRT ¥ Y ICIEE 2Bl
BEkL72ELThH, BEOHLLI-T—XAD LD
BIEDLRPPOEELZ T L0, BiEFLEECLVE
7 IR AR DSE .

i/, E=I99A4ATIAY—%HVT, 1 E—FFTDO%
BT AHE, E—TOMAEET, HoWAHIEEDOREIC
XICHREZZDS, E—F 5 A TITAFIE1E—F T HH
ERHERIEL, FBEELVEEDOE- T AR BT
EHKTE - IHREBFICIERT A RFRMERIIEL 2L, &5
IZF 72, BB LI LEEOA T ST LI L
REZIGAITBWTE, EEE LTS 0w
EWEEER BT ALESIH L. LoL, HEICTRTOM
EWEEEZ) 7= L LTHIELEERT 202 LIZWEET
H5b.

KIFZEICBWT TS, ELC OMAHEH OREDIE#Z
IEMEICHET 2 Y AT A2 EHT 254, MEL L THA
FWFBREJEFEICHL, ELLWZERnE ) 20 [ flis
HOEHHE (EMFAR) | (accuracy) ZEORITIEE S %
V., FO7DICIE, —OFEFRMEICIE R VEE L LT
ALV D REJEFED AL L 72 ek O B DS LT
H5.

LITAHT, —WIIERDEFRR#EIT, EBETIVIC
DP ~ v F v 7 &R L~V a7E70 (HMM) &
HMM O & IRBED F IR D/ F — ¥ &m0 i TE T
MU BIREST Y ZA554F (GMM) %3 A L7z GMM-HMM
L, BREETIVICIE, HEEOHEEHA OGOk 24— b
FNoTRIBLZZDDONE, FOERBLZERNLZLDICL,
Z DM % 3 =N AP SR HEET % N-gram 7V &3
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Fig. 1 Created network.
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<

© 2020 Information Processing Society of Japan

TEZIBR7ZZH 0.

DR, BHEmEIc oWl < 3T 5.
3.1.1 MFCC

MFCC & X VIR BT 7 A~ T 24235 (Mel-Frequency
Cepstrum Coefficients) &I, AMOFERTEE L O
AHOEFMEYRTHHETHY), THAHTHEHNTS
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12 X768 & O Delta &= ® 12 2XJC, DeltaDelta @@ 12 X
T ZFNZFND Power T % &6 7251 39 RILD K RKIGIZD
WOIER S BT L —24) OFWiE 1 >FT oMY 5.
3.1.2 A£E (X27)

LEE— KO Julius OFFEISHROIFEL ik L 125G
\Z Julius 2T 558 7 — 7 OIEfESCFHNI L TOH
BETIWVESHETNVOLE (A37) & 1RILE LTHE
H3 5.

3.1.3 7L —L#

e MoOREE LTy ALY 7 Mg (RIEE) %
1/100 B Bz & L CE LA OFE T7— 5 OFEH 7
L—2$e 1R LTHMAT 5.
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AT, 20D RNF =B b_LELRVED L) I#
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KON OB TH L. HEEAITVITE 2 DDA
7 — 7 I E—HERENT LI 5D T, IO
PELETHREE 2D, T ITHRIIT— % o & BRG]
T =% y DMEEHERDORL L IZBITL2T7 74 XA M %
wi = (Wf,wy) EEWEE, DTW 2 X LER57— %
E LOBEHIBEREICLL 2 VA (e ¥l
YFHT 2546120 (1) CERE b,

K
DTW(z,y) = minz |Twr — Y| (1)
k

foezid, X)) ETEE LA [ 2] DMiETH %
[ZL 2] IZOWTHOERT—% EAREMRT— % D 2RC
H® MFCC 123t LT, FEFEDIE L WRAARDOKRY T — %
EDODTW Oz 757 THRLE, M2 H3DL)
2% Y, EOT7T—7I1203 % DTW HEEC—HEOE
139 O BEEEEEIER 0.09686 & 2 1), REMROT— 12
95 DTW FEEE T3 O ) O B I EEI 8
0.16794 £ 725, 7776 b, EROWUKEEANIEROY
& TR —HEDEN D L Z ENVMRTEDL, 2D
IICLT, §RTOEEFT—% D MFCC O 39 KItI2xt
L, JEFEDOIE LW EARDIERY] T — & & ARfHFEL & & 7235
AEORBEEHARTIEICEHE L b0 2 EHEL ¥
L. L72%o TRIGHEIE MFCC &R U< 39 kL %2 5.
B, WADOEFI, SHFEEHRY 7 MCEXDAERLZLD
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2th-order mcep

0.5

0.0 1

Minimum distance
_101 0.0968609612117 Ok Test Data

— Reference Data
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frame

B2 [2{2] IZOVWTOEMRDT =213 % DTW DR
Fig. 2 DTW results of correct data about “Ekutsu”.

2th-order mcep

1.54

1.04

0.5

0.0 1

—-0.5 1

—— Reference Data

Minimum distance
—— Bad Test Data

_1.0/] 0167944159263

0 50 100 150 200 250 300

frame

B3 [2<2] IZOWTORERDT— 51233 5 DTW DFEE
Fig. 3 DTW results of incorrect data about “Ekutsu”.

A L7
3.1.5 FFREEI/A>T—Ya>
TFEELITAVTF—2 a3 YORBIZOWTIE Julius D+
JAYT—=YaryFdy NEAMATAS kX T -2 a v
FovME, AELZERT =9 OENEICHYST 5 LT
HiE#HE 75 A MERTEH R 286, FOEREHNT 5
BREZNENOGEHEZOIRIE & FaE0 R Lo &R
S 7258 BRG] & FEREAE T IRE [ 00 7 A5 & DX T o 45
7L =LA, BHLWIL, FNETNROFRIF L TOFEE
TN, SiEETN (A7) 2T 2HREx iz T 5.
728 21X, [2K 2] OFETHLIEFED [2 2] OF
FHEEROTFAMORKE LTHEZHEIZONT,
EfRo [2L2] #krxryr—Yardy MCADLE
LEOHIERIEIR 2DL )12 ->Twb, 72 [2X4
O BIEfFE LEGAICAERTHL [F/-H] 217 %
vr—varFy MIANLEGEOHEREEIR 3 O
I hb. FEFRICHLTCORAITRIEBROLEITRE
{, NIEMOGEINS L5,

[Z 2] EREFLTHFOTRIIFTESIN, ZhEtho
HFEIZOW TS PIARER & ERR TR, B L OE8E
TIWESHEETVOAITPERE L THGENTVS,
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£2 (22| IV TOEREHELT AV T—Ya v OFfFER

Table 2 Results of correct phoneme segmentation about

“Ekutsu”.

B At 5 [ HET R Aa7 JEREE R
0.0000000 | 0.8925000 | —19.671556 silB
0.8925000 | 1.0225000 | —27.144936 E
1.0225000 | 1.1025000 | —26.987701 k
1.1025000 | 1.2425000 | —26.617083 u
1.2425000 | 1.3525000 | —26.231667 ts
1.3525000 | 1.5225000 | —23.172693 u
1.5225000 | 2.5925000 | —19.618814 silE

£ 3 (22| IDVWTOREMRGEHELT AT = a v OfER

Table 3 Results of incorrect phoneme segmentation about

“Ekutsu”.

B A IR [ HET RE Aa7 R R
0.0000000 | 0.3425000 | —23.469467 silB
0.3425000 | 0.3725000 | —27.347067 E
0.3725000 | 0.4025000 | —30.164429 k
0.4025000 | 0.6625000 | —24.368580 u
0.6625000 | 0.7225000 | —27.699484 ts
0.7225000 | 1.2825000 | —23.481785 u
1.2825000 | 2.2925000 | —23.492867 silE

INSDOIFEDIEMT F A N % BA L L7za ORIGEH
TS OFEFXMEA AT RHbE T A Yy T—2ay
Fv FOMNEE, B 1FNICHERTZDDETXTOFEY
Ty bEEE LT L7z, $72, £5HRIIOVT
DET AT =2 arxbbDT, WROIFEOEFEKIL
5206 ThHY, RIUHIIP% T EERRS < BIMG R & #
TI7V—2802)+ FHEHEDAITDE =15 KL L % 5.
FL T (ERME x BRERT 7L — 28D 2) + %
HEDAIATD6=18RILERD.
3.1.6 7#Jv>h

T ANy MIOWTIE, FTEERXMD gy, ,yn
MO BHANRT MVAKy, EHOy; (i=0,--- ,n—1)
ffio T, mimEHIETFHON (2) THEM L7, Linear
Prediction Coding (LPC) fff{a; Z L EY YV ¥ - =¥ ¥
BIFEOTVT) AL > THEB LD ZFHT 5.
FEBIE (2) DIERETH 530 (3) D E(2) # AR OFH
BEOLET LML ETMELIzb DL LTERL, Z0
FE R E R 7 v~ b e LT

k
Yn =Y A 2)
=1
Y(z) 1
B(z) 1+ Zle a; exp (—ijw)

(z = exp(jw), (w=2rf " AEWEK))

(3)

TNV R ERRT AESERBOBEIZOWTIEE
FAYTF=varEy NORNERTHILEHRT LD
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Mk T Tt | u 1
0.142[s] 0.172[s] 0.312[s] 0.522[s] 0.612[s]

40[ms] 4oims] | doms] | 4°MmS] T 4oms]
® | | ' |
1 [ ]

0.042[s

\

&4 7+0V~r OB FHE

Fig. 4 Formant calculation method.

7LV —szfA L. WET—H0ELE12 120
MAaDkHlzerrrsr—varFy hOBRIRERIZL -
TRFBEXATHET LI ENTEL, Z0) bREFEDHR
FEXHEOPLIIEEROREREDY — 7 B3 D LIE
L, %225 EAMmN~E 40 ms O X #CHiA S T
S, 170wy (FLH) 827 0<2 b
(F2l) #8EHT52BE2TRTOFEF— 5 I2o0WTH
L7z, RUEBIIKIEBEO SRR L, HROIEFEDTE
FEIE5 06 THLDTRITIID L L TEREBD S5 x 5
174NV bBIUOE2 TV POFD 2 =10 K
TCTHD., T4 TCHEFEHD6xEL 7 V~vr bB&L
U274V OO 2=12RTTH5.

3.2 accuracy (CDWT
AWFE TR T % accuracy & 1E, DTFTO L9 2 TE
£35.

ELLOHTE R
accuracy = e (4)

3.3 FHEOREN

B LB IEEOER T = b TF AN F—=% L LTIE
fite L BV EZ ZNZ 10 3o T 20 A, KEEEHICHE
IZER, ZLTRYVOFFET =50 10% % RiET— % 12,
B’ D I0%EIET—% & LTHHT A, Z L CTERMICH
726 DO EAFE Ty ot T 5. 20Kk, T
NTCOFET =5 T L OFHE I Z-score %L, 2 (5) 12
L HEELE L 72 D& EE S8, FFS TEIC & 2 KGE
2479

Ty — W

(p:F¥, o BHERFE) (5)

Z; =

1 BOFE T EAHRET — 7 12DV T D accuracy & #Fl
L, ZoffBEiiskL T, v A7 20%B AL
AT —2 1 oD% EZ 14T 72T A —F 2 8
FTHBERFEE F v 74 V%8R TERL, $XTO
FBRF— SR E LD THEBLLRTNT A— 5 A THT 5
#AT% lepoch & L, % 300epoch ¥ Tiro7z. Lk
DX TR 10 0E 7 a 2N F—3 3 YREEE W
TATo72. ZLTRBEICT A M T =212 X 55Hli 21T\,
ZFNENOIHE DA DT accuracy DHERIZ, LD
£ BERPTEPHROBMEL 77 755 EHGE L,
EE R iTo 7.
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3.4 BNEER

LUF s8R 247 - 72.

(1) FEWT — & OEEIZ X 2 BREDEV OMEE

(2) #% 71— XDFER

(3) @IFED T — ¥ Ba Wi 2 72356 DFEER
INODOEBROFE, MEBIUEZIL6EISFHEL R
N5,

4. #ER

4.1 FSS FAEICLBHER
FSS T % H v TR IERE O Il 22 FE i DAL A8 2 35w

72, T2 2] IZ2WTERT TR RE L EOME

BEIEFETHERTWL ERDE I o7z, T T THEHRT

2B BN AR, 7 A b7 — ¥ 12X % accuracy D&

& L, accuracy 23 AFEDOE; A1 loss # WL, #

DIEAMENT ) 2R L 7.

(1) £ 1 FITTOREEOR#E M A | Segmentation,
78.95%

(2) % 2T TORMEDORBE M EY | Segmentation+
MFCC, 89.47%

(3) % 3T TORMEDRE 2 M EE | Segmentation+
MFCC+Frame, 89.47%

(4) AT TORMEDOREZHMEE | Segmentation+
MFCC+Frame+Score, 95.00%

(5) % 5 AT TORBE DO RE 2 M EE | Segmentation+
MFCC+TFrame+Score+DTW, 78.95%

(6) % 6 AT TORBE DO RE 2 M EE | Segmentation+
MFCC+TFrame+Score+DTW+Formane, 68.42%
22T [2L2] I2BWVWTIE, EHTHRD accuracy DE
%o 72 [Segmentation+MFCC+Frame+Score] % i 72 ¢

MEOMAGDOEE L THIRL 72,

4.2 FIEFED accuracy DR

FENRED 8 ODIFED I LD 1DOTHL [0z D
HWIED [2 D] IOV TOFEHEREEZR 5, K6, K 7,
X 8 II/RT. FITIZFSS FEICE DR L 72 B3 2D
HHMELS 7Ty PERTWVES, [2L2] 3EFELIr A~
T—3r& MFCCIZfFIFMz 7 L — 25k A3 7 O
A TIRE D accuracy & 7% o 7z,

K2 [ H72F] OWED [F2d] 120V TOFEEKER
#X 9, @10, X 11, X 12 12R%7. [F72H] 13 MFCC
L7 L= DOADHEE TIRE D accuracy & 72 - 7.

ZDIEDPOFEY GbEE 6 DDIEDOFHIER IOV
T, R4 IVIRT L) ITIFROMBIC X o THRERICER
BH 7228, TXRTOIEFEZNENIT DOV T O %
HOHMAET T 75.0%0 5 95.0%, EROFHEIX 87.5% D
accuracy x f+72.

F 72T RTOIFFEIZOWVTOFEFER O F1 Score

1652



BIRALIE S SR

Vol.61

No.10 1647-1657 (Oct. 2020)

x4 IFROFEOMER

Table 4 Results of learning all non-words.

G | T - 5 e (RS RS Epoch of MLP | Accuracy by MLP | Loss by MLP MLP (2B} 2 F# oM e Epoch of SVM | Accuracy by SVM
ZLD 189:290 300 95.00% 0.22 Segmentation+MFCC+Frame+Score 48 88.00%
ZF 7 29:68 300 95.00% 0.19 MFCC+Frame+Segmentation 43 98.67%
AN 31:33 300 75.00% 0.69 Frame+Score 43 96.00%
{ew 28:48 300 90.00% 0.42 MFCC+Frame+Score 43 85.33%
Edar) 79:91 300 90.00% 0.41 MFCC+Frame 43 56.00%
» 7z 38:47 300 75.00% 1.05 MFCC+Segmentation+Frame+Score 43 97.33%
(2220 23:25 300 95.00% 0.24 Segmentation+Frame+Score 43 88.00%
5070 27:36 300 85.00% 0.37 Segmentation+Frame 43 78.68%

Fig. 5 Results of training accuracy about “Ekutsu”.

Fig. 7 Results of verification accuracy about “Ekutsu”.

binary train accuracy of ekutsu
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Fig. 6 Results of training loss about “Ekutsu”.

binary valid accuracy of ekutsu

max = 96.25%, segmentation#mfcc+frame+score, 144epoch
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binary valid loss of ekutsu

0.20 - === segmentation+mfcc+frame+score
== segmentation+mfcc+frame
== segmentation+mfcc
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)
o
— 0.14-
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8 [Z < 2] 122V TOMEE loss D H

Fig. 8 Results of verification loss about “Ekutsu”.

binary train accuracy of mataa

max = 98.36%, mfcc+frame+segmentation, 278epoc|
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e mfcc+frame+segmentation
048 m— mfcc+frame
=== mfcc
0.90 - . . i ) i .
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Fig. 9 Results of training accuracy about “Mataa”.

binary train loss of mataa
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Fig. 10 Results of training loss about “Mataa”.
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binary valid accuracy of mataa

max = 96.47%, mfcc+frame+segmentation, 127epoch

T — mfcc+frame+segmentation
=== mfcc+frame
0.90 - === mfcc
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Epoch
11 [F72dH] 2DV TOMGE accuracy DFEHE

Fig. 11 Results of verification accuracy about “Mataa”.

binary valid loss of mataa

=== mfcc+frame+segmentation
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X 12 [F72H] 122V TOWEE loss DG H

Fig. 12 Results of verification loss about “Mataa”.

%= 5 F1 Score %12 & 5 i
Table 5 Comparison by F1 score etc.

FHEIE | Precision | Recall | F1 Score
ZLD 1.00 0.90 0.95
TF7 1.00 0.90 0.95
I LA 0.73 0.80 0.76
(et 0.90 0.90 0.90
ERAL:S) 1.00 0.80 0.89
D7 0.86 0.60 0.71
DH7z 1.00 0.90 0.95
500 0.89 0.80 0.84

ETHfTo7z. BB ICFNERT.
5. B

SVM |2 & 5 FERRFER & IR 5 &, 4 EOERKERIE
8 DD IEFEIZ DT accuracy D KEIXEK 2%, F 7%
accuracy (& SVM @ 86% & V) 87.5% & E\ Ml A 5 5 17z,

5.1 FEMEOFESICONWT

FIEREIC & o Tl 2 i m O M A IE VDS T8,
WTFNOEAIZH MFCC b LLEZREI A VT -3
UHEINTWAS,
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MFCC 1&—fIICEH BRI T2 9 2 THR & &
NABBHADOEMETH D LD, HIDORKEIS L%
Y (W

FHEETIA YT = 3 v accuracy DA EICES L7
e LTI, HFERI7AYT—Ya 34 0EE T
T HEEEREE & BB L O EE T VO RERRAE L
TEENTBY, FEELHEHN T EE o TS, &
ToFN 6L, FEMEEFEICX g SN2 EZAMXEERT
B0, BRFIOEHRZ AT MR 72fE L L T accuracy @
B ECR R R MR s e EZON S,

72, FSS P X 2 EERIROBROBIZE NS, A
aT7ET LR EFEE S AT = a v F /213 MFCC
2 & % accuracy ICVEDRA ¥ b EINZ A&E 2R
TWwheEzohb

—77, DTW Higt, BXUO7 3~y MiwFhofEy
BEOMAETIZbEEN o7,

DTW BiBEIZ%8 57— # 12817 5 MFCC DA
DRAKRE ORBEFEHREECTH 275, 23 1 AFTORER
MEERTH ), HHELT2EFEROEM T L5 25
BCTRZWEEZONL, $/2, SHEBROEFEIIEHES
B 7 NCTEBELZBDOTHY), TOMEPRLD LT,
FERDHA I ZAL T RS D, Feffa & L T3]
TldhweEEZoNA,

Ty ME, FEICBIILZEEOHEMBTH Y,
DTW L ERRICEHF RO A L b2 2mTIERVEE
AENL. Tk rAryr—varFy MIIAEEXHM
DEEZFH L 727 4V~ » M2 40 ms TIEAT
SrIRTREMED B 5.

5.2 BIFBOFET— 2B EERDIERE

JEFEDREHIZ L 1) accuracy DFEFITHEL S L 72 KA
X, FBET— Y BDRY DIEKETH L0 REEATR Z v, L
BB 77— 5 03D B e, O EIET—5 D
%\ FADIT) B IRLENLENDEH L7280 TH D,
#ZTFF, Precision GEAE), Recall (FHZE), B X
O"F1 Score (F RJE) ZatH L7z 22, [0 7], TL
Al IZBVWTIE3D0ftiL b 08 %X o TWnAH, ¥k
SATHY, FOMOIEFEIZOWTH 320flEE b 0.9 42
FECNT U AD X Witz L Twb 2 Eahr oz,
ZOZERS, SNOERERIIFET— 5 OPOIERD
BOWNROENIZL Y, ERERLED LNV R E T 5
DBOTRERWVEW) ZEeNEZLNL. —F, FEHT—%
& accuracy DMIBIREEZRIE L 25038 &, /&
RIEOMEH 572, ZOZ Ehb, KIEFED accuracy 75
FRF = BIKGE L TWBEEZ NS, AT —%
IZOWTORGEEX, 6 FEOBINFERICTEL {1177,
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EBRCTHEHLZT AN T=709 5, 10 HITHEVCOFR
HET =Y THILY, TNDINET— 5 ITHFET AHEAD D
DN, FoLFHLVEKRMD S DT, SROFEERIE
WHSE L AT TCHAE. F2T [2 2] IZBL THEW,
DTFANTF=FOEEHR LA, ZDHH 8D
T — 5 DREENEL KT L2050 THo7. BhEVDOT
A NF—=5 O 8EHIHET — 5 AT LEAMDEDTH
LEa0 [ 2 2] ® accuracy 13 95.00%TH5H. 2T
BhEVDT A T =5 OFTRCHIET — & 1AFHET 5B
HMOBDTHILEHEE, TXNTHFE 572 E)RMOBD
THLGEDOFERY [ 2] | Ouxfﬁlﬂ, FE R xR
L7, FEEFNVIZFSS FEIC L b N7k B =
DHAEDE (Segmentation+MFCC+Frame+Score) T
BEINZLDOEMA L. HREIXR6DL)THL. K
¥, TANTF—=FDBEMAITH LEEDRKE VL) WHEED
B, TAMNT = DRANTHLEEDVRKEVIIT) DK
ML b LT ESND DS, ERFEREEN LTS L Lo
oo RHOT— &Ik LIBESEWZ &1L, T/NA MEDS
EWEFHETE 5.

6.2 EE/I/O-—XDER

F—IHO—FL [2 D] 2o THIZH— AW
DEFEFMLC, 7y HEHPL, s 0—X0%
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RT7 [2L2] ZBDHEHE 70— ADOFEER
Table 7 Experiment results of speaker close in “Ekutsu”.
FEIG | T — & e (B RS Epoch | Accuracy | Loss | Precision | Recall | F1 Score
LD 931:599 300 94.00 0.92 0.52 0.94 0.94
xR 8 LIHEDOT— Y Bk z 12 FEHORR
Table 8 Results of learning with same number of non-word data.
g | AT — 4 s (E% D RR%) | Epoch | Accuracy | Loss BHEoRAeY Precision | Recall | F1 Score
LD 23:25 300 60.00% 1.27 | Segmentation+MFCC+Frame+Score 0.57 0.80 0.67
TF 7 23:25 300 70.00% 11.33 | Segmentation+MFCC+Frame+Score 0.64 0.90 0.75
17L& 23:25 300 65.00% 1.31 | Segmentation+MFCC+Frame+Score 0.64 0.70 0.67
(et 23:25 300 80.00% 0.55 | Segmentation+MFCC+Frame+Score 0.80 0.80 0.80
725 23:25 300 70.00% 3.24 | Segmentation+MFCC+Frame+Score 0.67 0.80 0.73
<7 23:25 300 65.00% 2.94 | Segmentation+MFCC+Frame+Score 0.71 0.50 0.59
X2y 23:25 300 85.00% 0.31 | Segmentation+MFCC+Frame+Score 0.89 0.80 0.84
5 & h 23:25 300 75.00% 1.08 | Segmentation+MFCC+Frame+Score 0.78 0.70 0.74
K6 [2<2] IZBITZMENT =¥ DG LKE Biairo7z., 72, TAMT—FHFELFHEZDO D DDOAIE

Table 6 Percentage and accuracy of incorrect data in k& ANIEfEA 100 IR L2 0O EEER AR 7 |

“Ek t ” . .
e R
et Accuracy | Loss | Precision | Recall | F1 Score BT -7l E XD b accuracy 2ME T L, F2FL
jl\f?}ff 8000 092 ] 075 0.90 0.82 Score, Precision, Recall b N L7 ¥ /NT ¥ A 2% 57z,
RTARHA 95.00 0.19 1.00 0.90 0.95 . " _ < Ry

T=VBET A MNGHDPRL L -OEMRRIITE %
WS, Ak oI, PR 2585, BT -8 LT
EEER ANT =5 OO —FEN L) BVREE 7 0 — XDOKE
6. BM= DRE <, PR, AT~ 5 LT A R T8 0
6.1 BEVWTF—Z2DEEICLBERHEBERDEL RO —FERP LDV IRVEEE A — 7 OREIVNS KRS

CENTFMESNL DS, FEERTITSOFERE o7z,
INBIE, F=IHOL % & EFEBREOEN DR L
Tl EZOND,

6.3 2IFFEDT— 2B EH A 1-ER

7 I7ADRPTHS T = BRB/NENDbDIIET T
OTF =5 fEmZ QEMT— 58023, RNERT—%
¥i25M), &2 7 ADT— 5 KHE UGG DOERELT-
7o, MERIIR 8 DL THADH. accuracy 1 ETXTOIEFE
IZBWTIL T L, Presicion, Recall, F1 Score & d I21% <,
T YNGR DI o Tz RN accurcy DK T &
BB L B2, WIOERICHARER T — ¥ e md
ERLZENFEREEZONL, T2, KR, &V FTAT
T — & $ % i 2 723554 Presition, Recall, F1 Score 25/%F
VARLKMET B ENTFUMTELY, TV REEs T
ATHIZ 2D DD, $ERDBT 23T Y AIKT L
ZEHY, T EIL L nn il E 25N, BINE
BRICBWTIRFEE T — 5 4% SHTE L, SRR T
WEERR ST, SHIEET— 5 ORMDPLETH DL L E
bbb,

7. FED

ELC O#AEHE = HELT 5 720 12 HH RO IEF IS
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XF§ A accuracy % ] E &5 X< Julius % FE A g
ELTHHL, =2—=Fty NT=212L>T2MHAH
T HEBRETo 7.

B & L C— iy MFCC 12Nz, DTW ZFIH L
LRAGEEDODTW Hils, ¥ 7 AYF—varyFy b
EAHL-EFAMKEEREERTE0RaT, BLD
TANRY N ED 6 OOGEFIFHED O FH AR L
HebE g FSS Tl & ) MEE L 72,

ZORER, BHEOMATREE I Ay TF—va vk
MFCCHERTH Y, ZNoxE&oi-fMAET, EEIL-
T 75.0% 72> 5 95.0%, 2RO FE i 87.5%D accuracy
g7,

F-DTW HREE 7 4+ b~ > MIARERTIIFEL L
THEYTIE LW L9 o 7z,

AROERT— ¥ RETVHEETIE, EFFEEL SR
T, WIS T RTOFERLTDELLELD S, FHTH
ORI EN T E 2 5 2 72612 accuracy 1A 1
T5Z DL

F7, KBTI L= a—F %y M7 — 71344
B 3BHEROEM L LD TH o7, ARITERYT— 5 %
WK 720D Ly bhma—F)hy NT—2 ZfiH
L, accuracy 25 LT A0 ekt 4. T2, FH
T BT LELH L.

HEE HFE T ONECH I L Twiiwie [1HESE
EMELNEESATATOR] O 4, &b UTBRKFH
BEHDORT 74 T O A HALE L LIFFET.
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