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VLR, FHEBOATFCIVWT, =a—Trtky P72 DICARERCTADATRE TN 3, BHTTH
DEFIEHIC, =2 —Friky PT—20RELETATY ok Y, KBEXy V7 —27 ORBRBESHIC
% o feo WHEEENAIEEEIZHY (Time-Dilay Neural Network, S{F TDNN LBf7) 2 AR EHTRE
KHENTHEENES RS X TLIE (1) (2] Multi-speaker FHRETH~ LIERI N TE & (3o AFETH,
TDNN ¥ #AMEL T3 =2a—F1%y P — 2 ¥ RRBEHOTHRBMICGEAL. 20t BHLICT
30 =a—Fr%y V7 -2 kAWAREREETREBMOFEICHK, KD LCHEEEINCE b0 L, ZH]
WHHEC X 3 200 HEHBELDRT WS [d. 48, $FEEHL Multi-speaker FRIBMIELROMAL b
tic, FOSWEHFEC L IRRBEEOTRBIB YRS 2. SPHFEBEXEHOWMELR L L. FEK
BIE /b,d,g] BERVPBIBHThDI B FREEZEOETRBBC I THBBEESRI Wi, L2
L, PSERecr 18 7%, Bk 5 BFL, HMELMAABKEE 24 FR~LILEETIHE, *v b 7-—
7 OB, FBY Yy IBREL ARy VI — 7 OFBCKEREI D L WIREAYED D, COREICKHL
T\ AL ERUY Y TAr0BEEBE* TS C k), TIERE 18 FEERBB~ LR Lo 20D
SR, ¥BREE 6 4. JTHIREE 8 AL LROBE®RER, 6 75 /b,d,g,m,n, N/ KBnT, 86.8%,
5 B /a,i,u,e,0/ KBHBVT, 93.7%., 18 FFEBWNT, 80.4% &, HABHRRBOohi, Chicky,
Modular-TDNN kKX VERE N 3% v + 7 — 2 OFSIMEIRE e,

2 xybo—7

2.1 KEEEE®D [b,d,g] EFEBHIZEID Ry FT—2 DOMREHE

FEBEETRBBOFHER L LT, $BEH. RU Multi-speaker DERBBAOAX » P T —27 %R
WEHETE /b,d,g) OBBICGERL, Ay PI—2T7—=377Fv—, FHE, £+vF4—-COnT
RitefTARo %kl

T—%577Fv—iCX 2HREHBA TR ok v F 7—7 ik, Single TDNN, SID network, Meta-Pi
network, Modular TDNN, MSID network @ 5 2CH Y, COEREREEK 1ICRT. DR, Modular-
TDNN Ic X 3888 snm b B, 6 EEXETR/RIC 1 2EEXTRHroOTMRE., TFfh. 91.3%. 93.6%
ThHoke £TT, MSID % v +7— 7 OHEREHEEFIAD Speaker 1.D. network % Modular-TDNN ic
ML AHEiC A>T w3, CO¥FT iy P effiT 32 Lick 3BBBALLICEY 38R 2LAEV
T r2%]3, Multi-Speaker DR IC B CENAHRENHE X T3 Meta-Pi network ORIFEEE
BT IERBHRER., FEIRAGBVENID LR o7

X, BBBROZFI AN ok y 7 —27TH3 Modular-TDNN IcWnT, 2 HEC X 3BBEROL
BEfThofke 2 BRFEEH (2 stage learnig)y 2% D, Modular TDNN ORIRM{ITH 2 BEHEFICEE
¥ h 7 Single TDNN OE2 2 UHICRWCEB TR B8 & 7V X AH» bFBRFTR - HED
HEEREZThoko EDRRER2CURT, ETCRD 2. 2EBEEEIC X 2888%Ik. open speaker
& closed speaker DHAH LB TR 2EBEFHOHEIRE A,

BiIK, 2y P7—7DF v R_vF 41X 2K, Single TDNN 2fwT, E1BhEO2=y 1 ¥%*
HMeF otk W iThoko XDRBRERICTT . Eh b, BF—RBhEO=2=y MIEHT KON, B3R
BEoBBBEREZC LI CLBbrB, LL, Modular-TDNN tERBEOX+ v F4—% 3D
Single-TDNN #2321k, Modular-TDNN 0B+ TEI3dDTH 3, thik. Modular-TDNN 23
FreRlvF4—2EHCFHALTWE D LELDLRS,

Ly (5] Ic 32 ZEHBEEHIE 4 BCH -Tets. BUROBHIEY L3 e, FHESENY 4 SHeL. 8 8L LTHIHG L %o



2 2y b7—2

XK1 KNER (B4) o [b,d,g) FHRBIEH — Architecture I X 3 g

Network recognition rate (%)

Architecture 6 BTNy | 12 S

closed | open | closed | open

Single TDNN 93.2 | 82.0 —_ —

SID 964 | 79.2 | 954 | 824

Meta-Pi 969 | 79.3 | 954 | 824

Modular TDNN | 97.7 91.3 97.1 93.6

MSID 97.2 | 894 | 973 | 934

K 2: RKEEED [b,d, g/ FREBHE — ZHHEC X 5 1

[ 6 =5xEms s (%)
Sl || closed open
2 BepEEl | 977 91.3
S
7y uE 97.3 90.9
b DRH -

&K 3: REE (88) D /bd,g/ EREHR — ¥+ V71 ICLBHB

BhElo | axrvay || BB (%)
2=y MR 4 closed(6 EE& ) | open(12 E5HFH)
8 6233 93.2 82.0
16 12409 94.6 85.6
24 18585 95.4 87.9
32 24761 95.9 ' 90.0
40 30937 97.4 89.1
48 37113 97.4 88.9
56 43289 97.6 90.8

LI EDFEBRERD b LUTDT & RSN



L]

2 Fyt+y—7

( =
e Modular-TDNN D X5 iceda—a{b%fThSc e XY, RO F + V71— AEhCH

AL, S0 BWBHELR5 C LS,

e Ay VI DEET2a—ADOFWIE L LT, TV a—AHO¥EEIQOMAEBIcHH, Tv
X offiroORB LY b BE> DBHICBERT 3,

o [EEHE KU Multi-speaker 1 LCHERBERZTA SBRICE,. Meta-Pi £y bV —2DX5KC
HEEMREARCTIATE 355, NMFESETRBZOHESRTOMY Tk,

2.2 18 FETHRADILEE

N DORBRERE ST L, BET5ERE /b,d,9/ b I8 FHERU BHFR~LUET s evEL
%o [ 1ic Modular-TDNN O##E %77 $. D Modular-TDNN #§#54k, 35K /b,d, g/ KB 3KME
BERBBCBTHEILTWI L S5IC, 2BREFEEL, ®Va—AHIRIC X Y EB2RE L TE/NEIC
PoRE ¢, 22, Bohix+ v 74 —2BHCFBT 220000 TH 3B, D Modular-TDNN %3
AL U<, /b,d,g,m,n,N/ ©6 FEEMA. 18 FERKBE LAy FV— 2 oliE%H 2, B3k
o TTT, BFRNF =Y IKsfind 3 Modular-TDNN ichni, FRI 7Y 28T 340 P2 LT
consonant class net 2:% %,
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v F7—7 OEMNFRKT -2 1k, B4, k24, H6B20TFY v —DRBEL I AKEE
WIS 5240 Mo MBEARE OULP & VIR T <L X VYV X bDTH 3. EFROT— 28Rk, F
FTCREA 500 v 7, [FHFTRAGC0 Tk lke 1 7Y MDYy FAHNBAMEICTH R
WS, Y TABORY kL ThH, RLY Yy Tre BB L Tk,

Ay VI =S ~DANF =L, BV v T reBnT, 16 K x15 7L —4 (150ms) O FFT A - X
7 v 7 LWERTITH Y, 0. AM +1 .+ /M —1 ICIESEL 7eo

LZHFROYY LR R, FRICEXIVRAEZ D THo%ke FH/b,d,9,0,t,k] DEE. BFFTOKIER
HBAJI0mMsS DY 4 ¥ FOHUD, 2% Y, TSmsic 3 X5, fbdFEF /m,n,N,s,sh,h,z,ch,is,r,w,y/
DG THHIRBHEY 4 ¥ FORDMELTE X Y 40ms B3 X Sic, X, 35 /a,i,u,e,0/ DEE. 1A3HE
DWEY 4V FORMEITX Y, 40ms Aificd 3L 58 H L %,

IBMMBAT — 2 . FECHA W 6 F# (closed speaker) KA. FEHICBAVhd - B 44, L

4408 8 45 (open speaker) DR L o, HEHAE 5240 BEEhoHFHREE» LYY S hiyr v Tr %A
o TTT, FHEBRUMHICHVWBEEREEURT,

£ 4: FERUTHEICH8EE

2B#5% (closed speaker) | FHiEE# (open speaker)

MAU, MHET, MMS | MNM, MTK, MTM, MTT
MMY, FKN, FSU FAF, FKM, FYM, FYN

3.2 Fxv bo—70%H

%#EH) & <. Back-Propagation 7= ) Xakfnik. Eit, KHERy V- RUBKERFEET—
2 ORBYEERICAIET 37D ICEFET LY XL ([T 2Avk. EFEHRICHAVER vy b 7—2 i Single-
TDNN #HREfI e T3V a—rEICA>2TVnE, BERIIN—TDEEC 2 — B FHEHEIN, S v
-7 2KEHRTILER, Ay VY- 20FAEE LTEbR S,

EEEZLDILRDOXS R 2B EL A S,

1. BEE#H. 2EFFH 7=V HEK Single-TDNN ZfwT%H
2. %y V-2 0%EH
RAFEZEOERBBE KD 300FR I — T ik o7
e 6 7% /b,d,g,m,n,N/

o 5 8% /a,i,u,e,o0f

[ ] 18%% /b)d!g)p)tlk)mln)N!SDSh)hlz)Ch)ts)r)w)y/

4 ERER

£ 3 DODERKC BT B3FHAIZ. closed speaker & open speaker L LTTT% - o FE i 500 epoch {7
v, FEY Y Tk d 3 ERERAIRIEPCR U AHEAT 10 epoch & ¥ KA FEEMICRBMELELRZ T4 » o
% epoch BICEEH OFLEBHEL KD, REDOTHIZHELY R L7 epoch KB 2GR LR Lico

LTEEBRERETRT

2K R (3] (5] IC T 3RS R & T 3 ADEBOEBEL LAV

(&

w



4 SURRIN

4.1 6-FF /b,d,g,m,n,N/

TREIEED 6 3% [b,d, g, m,n, N/ IBEFEROERER 5L K 6ICRT

£ 5: 67 /b,d,g,m,n, N/ DR — closed speaker DHE

speaker Recognition

Phoneme ["urty TMHT | MMS | MMY | FKN | FSU | Rate
b 96.90 [ 98.60 | 96.40 [ 91.80 [ 97.10 | 96.10 96.15

d | 97.80 | 99.40 | 94.30 | 95.30 [ 95.90 | 97.60 96.72

g 92.90 | 97.60 | 96.80 | 97.60 | 94.90 | 96.30 96.02

m 98.50 | 97.90 | 96.90 | 98.70 | 97.50 [ 97.90 97.90

n 92.50 | 96.60 | 91.40 | 91.20 | 96.60 | 90.60 93.15

N 98.80 | 99.60 | 99.00 | 99.50 | 97.70 | 99.50 99.02

| Average || 96.70 | 98.30 | 96.30 | 96.50 | 96.90 | 96.70 [  96.90

£ 6: 6 FF /b,d,g,m,n, N/ DFBEEEE — open speaker DA

Phoneme & " speaker " Recognition
Phoneme Group || MNM | MTK | MTM | MTT [ FAF | FKM | FYM | FYN | Rate(%)
b 847 | 98.6 | 865 | 957 [ 92.8 | 87.9 | 855 | 94.0 90.7
d 96.0 | 92.9 | 96.5 | 66.5 | 83.6 | 924 | 86,5 | 84.9 87.4
g 91.7 | 889 | 91.3 | 945 [ 72.8 | 664 | 88.1 | 785 84.0
m 913 | 94.2 | 782 | 97.7 | 89.4 | 64.5 | 722 | 96.1 85.5
n 615 | 59.2 | 826 | 66.0 [ 78.1 | 83.0 | 865 | 584 71.9
N 950 | 97.7. | 94.8 | 98.0 [ 964 | 97.3 | 99.3 | 96.8 96.9
| Average | 877 | 89.6 | 873 | 894 [87.0] 804 [ 859 [ 871 [ 868 |

4.2 58%E /a,i,u,e,0f FBIEFEER

ET 58%F [a,i,u,e,0f DBFEE — closed speaker DEHE

Phoneme & speaker ] Recognition
Phoneme | MAU | MHT | MMS | MMY | FKN | FSU | Rate(%)
a 100.00 [ 99.30 | 98.80 | 99.70 | 98.30 | 99.50 99.27
i 99.00 | 99.80 | 99.50 | 99.50 | 99.30 | 99.30 99.40
u 97.50 | 97.20 | 96.80 | 99.20 | 99.00 | 97.70 97.90
e 98.20 | 99.00 | 98.20 | 99.20 | 98.80 | 99.20 98.77
0 99.80 | 100.00 | 98.00 | 98.20 | 99.50 | 99.70 99.20
Average | 98.90 | 99.10 [ 98.30 | 99.10 | 99.00 | 99.10 98.92
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SRR U

X 8 S5I1F [a,i,u,c,0/ DK — open speaker DEHS

Phoneme & speaker " Recognition
Phoneme Grous [ MNM | MTK | MTM | MTT | FAF | FKM | FYM | FYN || Rate (%)

a 96.20 | 99.20 | 75.00 | 93.80 | 99.20 | 99.20 | 92.70 [ 94.00 93.66
i 99.80 | 97.20 | 99.50 | 95.00 | 93.50 | 90.00 | 99.30 [ 99.30 96.70
u 95.70 | 89.70 | 96.20 | 95.80 | 96.50 | 66.70 | 96.20 | 98.00 91.85
e 90.30 | 99.30 | 96.30 | 93.30 | 86.80 | 88.80 | 94.70 | 90.20 92.46
o 98.00 | 94.80 | 98.50 | 91.50 | 99.70 | 80.50 | 94.70 | 95.70 [|  94.18
Average | 96.00 | 96.00 [ 93.10 [ 93.90 [ 95.10 [ 85.00 | 95.50 [ 95.40 | 9375

4.3 18 TEFHER

18 FEORECKRLT, b0ty v 7—27 LEKIC 2BREFELTho%cdi v V-2 0RELEH
JYTABRREL B TedD Fv V-2 0WHMNEEE, B, FEIY Y Tr0HBCc X Y EB:TH-
o v 7 —2 DWHIAEFEG, H2BNELHENERD20EI2EEETICLICX Y Tabhke 2
¥Y, Vv 7regl, FEEIDEEV2a— 2LV BONIE2RAEOE=2= + (1206 ==y }) D
BRAZ—VEHABEHI Yy IE LT, 2[4y VI—20%BEThoke X, 18 FEEXERO¥XE
YT 5400 Y TATHY, 10 HOYV Y TArCDELCEBYFThoico HEVHTEHY Y T1IC
5L 100 epoch O¥BF T\, ThE 10 ERIE LA LarLAXb, E2BNWEIODHENE~D2/F
Dy VI —7THR, FHEF— L2 LLTHVIEEY 2 —ADRKAL — v BT DRETBE TR e H T
B 7 — 4 OEBRE 80% BEICHER LEBEREE A oko 2T T, FHEAEL LT, RAFEDIHFR
/b,d, g/ DEBHFROERY 2k 2 BERI 1+ — 78K Modular TDNN CEH 2 1TA W, HEMICEICR
RBRIC, BRAZ—VICEVE2RBNE L B NEROFEE TR 2 ko &HT, ZHOFHERT LLUTD
X5k,

1. BHFEE. 85K H 7= VHED Single-TDNN #fHvni¥E
2. BEFRH 7 VED Modular-TDNN 2 v icEH
3. &% v YV -2 OREH (BHMEE, ¥ v Ir0ofEEEE)

FORBR, FH7T -2 LT 2% BE S CEEREAK, 2EBEREBoFEHoRAE T, H§bh k£ Modular-

TDNN OFR ¥ EEHEE D 6 BFHBHB L ECE ICRT . X\ 18 FHEZHAL v +7—27 D closed
speaker JUf open speaker ICxf3 3 BBHRL* T FThFE 10, F 11IKFT,
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SRR

& 9: EEROBHE

et || Multi-speaker Rt
Phoneme || Recognition Recogniton Recognition
Rate Average Rate Average Rate Average

b 98.12 97.10 89.06

d 98.48 98.27 96.78 97.65 94.28 90.56
g 98.25 98.67 89.27

p [ 8650 78.58 66.66

t | 9820 98.17 98.52 98.35 90.50 92.38
k [ 9847 98.80 94.80

m [ 9822 97.83 86.56

n [ 9642 98.22 92.55 97.15 71.03 87.24
N [ 9925 99.22 97.97

s 99.68 99.62 96.38

sh 99.80 99.52 95.09

h 99.38 99.62 9920 | 94 94.55 9590
z 99.62 99.33 96.99
ch [ 100.00 100.00 99.83

ts || 10000 | 10000 [Tgg7s | 9983 99.79 99.80
r | 9963 99.33 98.18

w || 9913 99.10 98.05 98.22 96.71 97.05
y || 9745 94.98 93.97

a 99.47 99.27 93.66

i 99.47 99.40 96.70

u 98.62 99.23 97.90 98.92 91.85 93.75
e 99.38 ~ 98.77 92.46

0 99.23 99.20 94.18




A SRR

#10: 18 T35 — closed speaker DS
Plhoneme speaker Recognition
MAU | MIT | MMS | MMY [ FKN | FSU || Rate (%)
b 95.20 | 98.60 | 95.10 | 84.10 | 84.50 | 82.40 89.98
d 95.00 | 98.80 | 91.50 | 95.30 | 91.20 | 90.00 93.63
g 87.70 | 91.70 | 79.80 | 81.80 | 90.10 [ 69.10 83.37
p 100.00 | 100.00 | 78.60 | 80.00 | 86.70 [ 93.30 89.77
t 97.50 | 97.30 | 92.50 | 92.00 | 89.30 [ 95.90 94.08
k 94.80 [ 93.00 | 94.00 | 93.40 | 91.80 [ 96.20 93.87
m 94.20 | 97.30 | 95.00 | 93.90 | 92.50 [ 94.00 94.48
n 89.40 | 91.70 | 81.60 [ 80.50 | 87.20 | 83.40 85.63
N 95.50 [ 93.50 | 96.00 | 99.80 | 93.40 | 98.30 96.08
s 98.20 | 99.00 | 96.40 | 93.10 | 88.40 | 98.80 95.65
sh 96.00 | 97.80 | 96.30 | 93.50 | 92.10 [ 100.00 95.95
h 84.20 | 90.20 | 93.70 | 92.10 | 94.20 | 85.70 90.02
2 98.70 | 98.90 | 90.70 | 98.10 | 95.00 | 76.00 92.90
ch 7460 | 97.10 | 85.70 | 84.80 | 85.50 | 100.00 87.95
ts 70.10 | 88.70 | 92.10 | 78.00 | 97.80 | 78.50 84.20
r 81.00 | 87.20 | 83.60 | 92.60 | 60.60 | 81.00 81.00
w 94.90 | 93.80 | 91.10 | 90.00 | 84.80 [ 98.70 92.22
y 93.10 | 96.60 | 97.80 | 93.40 | 47.80 [ 41.70 78.40
Average || 91.80 | 94.50 | 91.70 | 91.50 | 86.30 | 88.20 [  90.67

-



A JRAH

# 11: 18 FE DIk

— open speaker DHE

Phoneme & " speaker " Recognition
Phoneme Group || MNM [ MTK | MTM | MTT | FAF | FKM | FYM | FYN [| Rate (%)
by 71.80 | 85.50 | 77.30 | 81.20 | 67.10 | 54.60 | 67.60 | 83.70 73.60
d 94.90 | 95.30 | 96.50 | 87.60 | 93.60 | 62.90 | 95.30 | 97.10 90.40
g 71.70 | 56.50 | 65.60 | 74.30 | 43.70 | 44.30 | 68.40 53&“ 59.74
p 53.30 | 73.30 | 53.30 | 66.70 | 80.00 | 66.70 | 66.70 | 73.30 66.66
6 69.80 | 80.00 | 63.20 [ 77.30 | 74.50 | 83.00 | 75.00 | 94.80 77.20
k 91.00 | 88.20 | 91.00 | 95.80 | 78.00 | 67.80 | 97.40 | 92.80 87.75
m 87.80 | 72.40 | 56.20 | 93.40 | 51.70 | 47.50 | 89.80 | 81.70 72.56
n 69.40 | 54.30 | 65.70 | 60.80 | 78.90 | 80.40 | 94.70 | 84.40 73.58
N 85.40 | 98.90 | 94.30 [ 96.60 | 93.30 | 87.90 | 99.80 | 94.30 93.81
s 87.40 | 95.80 | 87.80 | 86.60 | 86.00 | 89.80 | 97.80 | 81.00 89.02
sh 71.30 | 89.10 | 85.50 | 98.90 | 98.90 | 70.50 | 89.70 | 97.70 87.70
h 60.00 | 79.50 | 69.30 | 70.50 | 55.30 | 84.20 | 96.90 | 92.90 76.08
2 94.80 | 85.60 | 93.60 | 94.00 | 91.00 | 55.30 | 95.90 | 85.20 86.92
ch 95.40 | 94.20 | 89.90 | 97.20 | 95.70 | 95.70 | 68.60 | 62.70 " 87.43
ts 93.50 | 93.40 | 93.10 [ 97.30 [ 95.80 | 86.20 | 35.10 | 87.50 |  85.24
r 76.00 | 88.80 | 81.80 [ 88.20 | 24.80 | 64.80 | 91.20 | 75.40 [|  73.88
w 68.40 | 94.90 | 79.50 | 77.30 | 79.50 | 56.80 | 96.30 | 84.00 79.59
y 93.30 [ 96.10 | 88.80 | 90.90 | 25.30 | 26.10 | 99.40 | 66.10 H 73.25
Average | 81.20 | 84.50 | 79.60 | 86.60 | 69.50 | 69.50 | 88.20 | 84.40 [  80.44
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5 BE

HHRIC I3 B open speaker & closed speaker OFKIBIER Y % & 0 B TH 121CRTo FRIY, R
RELITH O TFRBEIRIC B VT b FEETEH B U Multi-Speaker [FIER ICH 3R 1B b o

R 12 AR O BERER

Phoneme " recognition rate (%)
Category closed speaker | open speaker

6 % /b,d,g,m,n,N/ 96.9 86.8

5 ¥ /a,i,u,e,0/ 98.9 93.8

18 & 90.7 80.4

R BCEFROBFRBOBERE R L, FREOMNCHEN, av7a—Ya vORERKE Ao
TWw3T tHEbhd, FREEHMPTC LIk VIFKEBMRAETT 35RR /b/,/9/,/m/,/r/,[w/, v/
Thorko BHEIC, TDHF% %3 & (Appendix A, BBR), =v7a—Ya voRC Y HRAKTH -
THyEDRESRRLZ>TWnD, 18 FEEROEROE, FRI 7V BLEFHICOFLTEEE»DO% v +
v —2 %, Modular TDNN & LTHIRLCF2a—=v 7% T\, B, Fv ' 7— 7&K LES
HIFEIC L Y BN AZEEETTR 2% ThiICH L, BRI TV BIAOEY 2 —rcBL Tit, EEEH
DFy VT — 7 DHEERKE Do ®, Modular TDNN ¢ LCFa—=v ZBTFhbhAdrok. 2D
EHDDHoT, hFTYRDavIa—YavBRKENT L Ebrd, MCERIFTI)BEBADESa—1
IKoWwTd, Modular TDNN % £ 3¢ Lic X DEIERR Y EBRHEZ LEL bN 3,

MROT L hRb, BERBBBOE D %X, closed speaker X Y open speaker DIX LD E HHRAX
(N BCREBEDORE L DOERKENC EHbh D, T, FEEENBH44,. KE2R805 6L 4
TAMCRY BDo kD EELDOND, ‘

KAFETHR, NFBEZEOTRBBA*TA S HEL LT, SREEXT2H b k. 18 THFBELLTS
FEXZBFCHAEYE, 2y Y TV—208E - 2By vy Fre B nTERGERB LA TS ERWEA AR
o S, ERFELEVELICGRALSR, BEE0REEEELAVvBIcE., BiicEZBEERS0=
Ya—rkAET bRV IR N, EOHE, FTHEREEER M OHIOFETHEL, EEENF VO
REFE, X B X027 ) ORFBEERBLAEEY Y 7Ar XV Xy V-7 DFEEETROIRETHS
50 EhiCk Y, ZHEHEEBLRHET L LICHy V7 —70ELEHY v I AEMALS T LA
2TH55,

12



6 LIV 13
% 13: THFEHE O EHIR
Phoneme || recognition rate (%) .
& closed speaker I open speaker
Phoneme speaker Modular- | /bd,g,m,n,N/ 18cons. Modulat- | /b,d,g,mn,N/ 18cons.
Group dependent TDNN Reco. network | Reco.network TDNN Reco. network | Reco.network
b 98.1 97.1 96.2 90.0 89.1 90.7 73.6
d 98.5 96.8 96.7 93.6 94.3 87.4 90.4
g 98.3 98.7 96.0 83.4 89.3 84.0 59.7
Jbd.g/ 98.3 97.7 90.6
P 86.5 78.6 89.8 66.7 66.7
t 98.2 98.5 94.1 90.5 77.2
k 98.5 98.8 93.9 94.8 87.8
/p,t.k/ 98.2 98.4 92.4
m 98.2 97.8 97.9 94.5 86.6 85.5 72.6
n 96.4 92.6 93.2 85.6 71.0 71.9 73.6
N 99.3 99.2 99.0 96.1 98.0 96.9 93.8
Jm,n,N/ 98.2 97.2 87.2
/bd,gmmnN/ 96.9 86.8
s 99.7 99.6 95.7 96.4 89.0
sh 99.8 99.5 96.0 95.1 87.7
h 99.4 99.2 90.0 94.6 76.1
2 99.6 -99.3 92.9 97.0 86.9
Js.shohz/ 99.6 99.4 95.9
ch 100.0 100.0 88.0 99.8 874
ts 100.0 99.8 84.2 99.8 85.2
Jch,ts] 100.0 99.8 99.8
r 99.6 99.3 81.0 98.2 73.9
w 99.1 98.1 92.2 96.7 79.6
y 97.4 95.0 78.4 94.0 73.3
Jrwy/ 99.1 98.2 97.1
18 consonants 90.7 80.4
a 99.5 99.3 93.7
i 99.5 99.4 96.7
u 98.6 97.9 91.9
e 99.4 98.8 92.5
o 99.2 99.2 94.2
Jai,u,e,0/ 99.2 98.9 93.8
6 IV

Za—Irty b7 -7 2AVASHEEEFECE SNEREEOETRBR LT o ko AEHEE /b, d,g/

DERIBEELEXN 6 FHZERC 91.3% T, dokoicstL., BMEE* 6 FF /b,d,g,m,n, N/, 5 BF
Ja,i,ue,0f v 18 FEANLIRLGERE, LTk Kk o7k

o BT [0,d,0,m,m, N e 86.8%
® 5 BT [a,1,U, 6,0 oot e 93.7%
L B T = 80.4%

KRR A Y V-7, BREZEY Y A2 LBLTIRARD D VOORFEZECIWTIH
%gﬁ;/—_f\'énko
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A

HROBEUC B TIBb Wi, LHEMOLEER, FHH7 =) OBEBE/RT o K14 Single-TDNN
€ X DREEIEH T KRB IR,. # 151 Modular-TDNN C X 3 Multi-Speaker FHIBEETELR. # 161CkD

EEEOBEE

Modular-TDNN ic X 3 R EIEE FTRBIEHERDGERE LR T o

% 14: Single-TDNN % fiv RBEE O ERBE (BFR LERI/ rv— 7 DEBHE)

Phoneme & Speaker " Recognition
Phoneme Group || MAU | MHT | MMS | MMY | FKN | FSU ||  Rate
b 99.10 | 99.00 | 97.80 | 94.70 | 98.60 | 99.50 98.12
d 97.80 | 99.40 | 95.50 | 100.00 | 99.40 | 98.80 98.48
g 98.80 | 99.60 | 97.60 | 98.00 | 98.80 | 96.70 98.25
/b,d.g/ 98.60 | 99.40 | 97.10 | 97.40 | 98.90 | 98.20 98.27
P 93.30 | 86.70 | 85.70 | 80.00 | 80.00 | 93.30 86.50
t 98.90 | 97.70 | 97.00 | 98.20 | 99.50 | 97.90 98.20
k 99.60 | 98.40 | 99.00 | 98.20 | 96.60 | 99.00 98.47
/ptk/ 99.20 | 97.90 | 97.90 | 97.90 | 97.70 | 98.40 98.17
m || 98.30 | 99.00 | 98.50 | 97.30 | 97.70 | 98.50 98.22
n 96.60 | 98.10 | 94.40 | 95.80 | 95.50 | 98.10 96.42
N 99.60 |-99.80 | 98.10 | 99.80 | 98.40 | 99.80 99.25
/m,n,N/ 98.50 | 99.10 | 97.50 | 97.80 | 97.50 | 98.90 98.22
s 99.80 [ 100.00 | 98.70 | 100.00 | 99.60 | 100.00 99.68
sh 100.00 | 100.00 | 99.40 | 100.00 | 99.40 | 100.00 99.80
h 100.00 | 98.80 | 100.00 | 99.20 | 100.00 | 98.30 99.38
z 100.00 | 100.00 | 99.10 | 100.00 | 99.50 | 99.10 99.62
/s,sh,hz/ 99.90 | 99.70 | 99.20 [ 99.80 | 99.70 | 99.40 99.62
ch 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 100.00
ts " 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 100.00
Jehyts/ [ 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 100.00
r 100.00 [ 99.80 | 98.60 | 99.80 | 100.00 [ 99.60 99.63
w 100.00 { 100.00 | 97.50 | 98.60 | 98.70 | 100.00 99.13
y 100.00 | 99.40 | 97.20 | 92.20 | 98.30 | 97.60 97.45
/rwy/ 100.00 | 99.70 | 98.20 | 98.00 | 99.50 [ 99.20 99.10
a 99.80 | 99.70 | 99.00 | 99.80 | 98.80 [ 99.70 99.47
i 99.30 | 99.80 | 99.00 | 99.50 | 99.70 | 99.50 99.47
u 97.30 | 99.30 | 97.20 | 99.20 | 99.50 | 99.20 98.62
e 99.50 | 99.30 | 98.70 | 99.80 | 99.50 | 99.50 99.38
o 98.80 | 100.00 | 97.80 | 100.00 | 99.00 | 99.80 99.23
/a,i,u,e,0/ 99.00 | 99.60 | 98.30 | 99.70 | 99.30 | 99.50 99.23

15
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# 15: Modular-TDNN % w7 Multi-Speaker DFRBE (BHFR L BRI/ r— T ORBHER)

Phoneme & " Speaker " Recognition
Phoneme Group || MAU | MHT | MMS | MMY | FKN | FSU || Rate
b 97.80 | 98.60 | 98.20 [ 95.70 | 95.70 | 96.60 97.10
d 98.90 | 99.40 | 96.60 | 94.10 | 94.10 | 97.60 96.78
g 97.60 | 99.20 | 98.40 | 99.60 | 99.60 | 97.60 98.67
/bd,g/ 98.00 | 99.10 | 97.90 [ 96.80 | 96.80 | 97.30 97.65
P 100.00 | 86.70 | 71.40 [ 66.70 | 66.70 | 80.00 78.58
t 99.30 | 99.30 | 99.10 | 96.60 | 98.20 | 98.60 98.52
k 98.80 | 98.80 | 99.40 [ 99.60 | 97.20 | 99.00 98.80
/p.tk/ 99.10 | 98.80 | 98.80 [ 97.70 | 97.20 [ 98.50 98.35
m 97.10 | 98.10 | 99.00 | 96.00 | 98.30 | 98.50 97.83
n 93.20 | 95.80 | 90.30 | 90.00 | 94.30 | 91.70 92.55 -
N 99.00 | 99.80 | 99.20 | 99.80 | 97.50 | 100.00 99.22
/mun,N/ 97.00 | 98.20 | 97.10 | 96.00 | 97.10 | 97.50 97.15
s 99.80 | 100.00 | 98.90 [ 99.80 | 99.40 | 99.80 99.62
sh 100.00 | 100.00 { 98.80 | 99.40 | 98.90 | 100.00 99.52
h 100.00 | 98.80 | 100.00 | 99.60 | 99.60 | 97.20 99.20
2 100.00 | 100.00 | 98.70 | 100.00 | 99.10 | 98.20 99.33
/sshhz/ 99.90 | 99.70 | 99.10 | 99.70 | 99.30 | 98.90 99.43
ch 100.00 | 100.00 | 100.00 | 100.00 | 100.00 | 100.00 ||  100.00
ts " 99.40 | 100.00 | 99.10 | 100.00 | 100.00 | 100.00 " 99.75
Jehts/ || 99.60 | 100.00 | 99.40 | 100.00 | 100.00 | 100.00 ||  99.83
r 99.20 | 99.40 | 98.60 | 100.00 [ 99.00 | 99.80 99.33
w 100.00 | 98.80 | 94.90 | 97.10 | 97.50 | 100.00 98.05
y 99.40 | 100.00 | 99.40 | 98.80 | 95.50 | 76.80 94.98
Jr,wy/ 99.30 | 99.50 | 98.40 | 99.50 | 98.00 | 94.60 98.22
a 100.00 [ 99.30 | 98.80 | 99.70 | 98.30 | 99.50 99.27
i 99.00 | 99.80 | 99.50 | 99.50 | 99.30 | 99.30 99.40
u 97.50 | 97.20 | 96.80 | 99.20 | 99.00 | 97.70 97.90
e 98.20 | 99.00 | 98.20 | 99.20 | 98.80 | 99.20 98.77
o 99.80 | 100.00 | 98.00 | 98.20 | 99.50 | 99.70 99.20
/a,i,u.e,0/ 98.90 | 99.10 | 98.30 | 99.10 | 99.00 [ 99.10 98.92




A

A6 00 R

3 16: Modular TDNN k¥ v /icRHFEBOBFTRBEL (BFR L BRI r— 7 OBHER)

Phoneme & Speaker Recognition
Phoneme Group || MNM | MTK | MTM | MTT | FAF | FKM | FYM | FYN Rate
b 81.90 | 92.30 [ 91.80 | 93.70 | 90.30 | 81.20 | 84.10 | 97.20 89.06
d 96.60 | 97.60 | 99.40 | 79.40 | 95.90 | 98.20 | 90.60 | 96.50 94.28
g 99.20 | 84.20 | 96.00 | 99.20 | 77.60 | 71.90 | 91.70 | 94.40 89.27
/b,d,g/ 92.70 | 9050 | 95.60 | 92.10 | 86.70 | 82.10 | 88.90 | 95.90 90.56
p 73.30 | 80.00 [ 66.70 | 73.30 | 86.70 | 53.30 [ 40.00 | 60.00 66.66
t 88.90 | 82.50 | 87.50 | 89.30 | 93.60 | 89.50 | 94.50 | 98.20 90.50
k 95.20 | 95.60 | 98.00 | 98.80 | 90.40 | 84.40 | 98.60 | 97.40 94.80
/pt.k/ 91.90 | 89.30 | 92.70 | 94.00 | 91.80 | 86.30 | 95.80 | 97.20 92.38
m 98.30 | 96.50 | 86.10 | 99.80 | 85.50 | 61.20 | 70.50 | 94.60 86.56
n 61.50 | 54.70 | 72.10 | 50.60 | 78.50 | 89.80 | 85.00 | 76.00 71.03
N 95.40 | 99.30 | 98.60 | 97.10 | 97.50 | 99.30 | 99.80 | 96.80 97.97
/mn,N/ 89.10 | 88.20 | 87.60 | 87.50 | 88.40 | 81.20 | 84.60 | 91.30 87.24
s 91.00 | 99.80 | 91.20 | 98.40 | 98.00 | 99.20 | 94.20 | 99.20 96.38
sh 83.20 | 98.90 | 98.80 | 100.00 | 100.00 [ 93.40 | 86.40 | 100.00 95.09
h 9450 | 99.60 | 95.30 | 92.60 | 80.20 | 97.40 | 98.80 | 98.00 94.55
z 100.00 [ 99.50 | 100.00 [ 99.10 | 99.10 | 91.20 | 100.00 | 87.00 96.99
/s;shh,z/ 92.30 | 99.60 [ 94.90 | 97.50 | 94.60 | 96.40 | 95.10 | 96.80 95.90
ch 100.00 | 100.00 | 100.00 | 98.60 | 100.00 | 100.00 | 100.00 | 100.00 99.83
ts ll 99.40 | 100.00 | 100.00 | 98.90 | 100.00 | 100.00 | 100.00 | 100.00 " 99.79
Jchts/ || 99.60 | 100.00 | 100.00 | 98.80 | 100.00 | 100.00 | 100.00 | 100.00 ||  99.80
r 99.60 [ 100.00 [ 97.00 | 99.80 | 96.80 | 95.20 [ 97.60 | 99.40 98.18
w 96.20 | 93.70 | 100.00 | 98.70 | 100.00 | 85.10 | 100.00 | 100.00 96.71
y 99.40 | 98.30 | 97.80 | 94.50 | 83.10 | 87.30 | 100.00 | 91.40 93.97
fr.w,y/ 99.20 [ 98.90 | 97.50 | 98.50 | 93.90 | 92.40 | 98.40 | 97.60 97.05
a 96.20 | 99.20 | 75.00 | 93.80 | 99.20 | 99.20 | 92.70 | 94.00 93.66
i 99.80 | 97.20 | 99.50 | 95.00 | 93.50 | 90.00 | 99.30 | 99.30 96.70
u 95.70 | 89.70 | 96.20 | 95.80 | 96.50 | 66.70 | '96.20 | 98.00 91.85
e 90.30 | 99.30 | 96.30 | 93.30 | 86.80 | 88.80 | 94.70 | 90.20 92.46
o 98.00 | 94.80 | 98.50 | 91.50 | 99.70 | 80.50 | 94.70 | 95.70 94.18
/a,iu,e,0/ 96.00 | 96.00 | 93.10 | 93.90 | 95.10 | 85.00 | 95.50 [ 9540 93.75

17



AV a—~YarwhbYysA 18

B aY72a—v3r wbYysXx

18 (iR ric B3} 2, AFEDavIa—Yav<et ) v 2 2L TR,
closed Speaker

MAU

216 2 2 3 1 1 1 1 i 11/ 227 = 95.2
1170 65 1 2 H 9/ 179 = 95.0

3 1221 2 10 2 2 2 1 8 :: 31/ 262 = 87.7
15 HH 0/ 16 = 100.0

5429 b 1 1 11/ 440 = 97.5

6 44714 3 2 2 1 2 3 4 HK 26/ 500 = 94.8

3 453 12 2 11 b 28/ 481 = 94.2

5 1 14 237 3 4 N 28/ 265 = 89.4

6 11 2 466 2 22/ 488 = 95.5

2 491 3 4 HH 9/ 500 = 98.2

1 170 4 1 1 HH 7/ 177 = 96.0

1 2 9 223 8 9 1 12 H 42/ 265 = B4.2

224 2 1 i 3/ 227 = 98.7

18 63 HH 18/ 71 = 74.6

83 124 HH 53/ 177 = 70.1

2 1 30 1 1 14 9 6 b6 7 15 406 4 b 95/ B00 = 81.0
74 N 4/ 78 = 94.9

1 2 1 1 1 6 162 :: 12/ 174 = 93.1

Total Exrror:: 409/ 5016 = 91.8



ty

Y Va—Yav<eb)y 7R

Lest.MHT .best

208 2
1 168
233
1
1
2
2
1 b
4 1 10
3

Total Erxor::

2 8 2 3
16
7 428 4
4 3465 11 8
3 469 4 1
1 5 243
1 3 417 2
1495 1 3
174 1 3
4 2 1 14 230 1
1 1 175
2 67
21 165
1 17 17 2 5 6

271/ 4902 = 94.5

14
i1

436

75

171

3/
2/
21/
o/
12/
35/
13/
22/
29/
5/
4/
25/
2/
2/
21/
64/
5/
6/

208
170
254

16
440
500
482
265
446
500
178
255
177

69
186
500

80
177

19

98.
98.
= 91
100.0
= 97.
= 93.
= 97.
= 91,
= 93.
= 99,
= 97.
= 90.
= 98.
= 97.
= 88.
= 87.
= 93.
= 96.

6
8

7

DO NN = O N OO N N WO w



B sv7a—Yav=lYys2

tost.MMS.best

212 3 4
6 161 3 4
1 202

11
2 1 2
2 .4
4 2
1 10
3
1 b
1
2
1 2
1 1
6 12 ¢
4
2

Total Error::

2
2 14 5 1
3
407 7 1
3 470 6 1 4
1468 7 1
25 218
2 10 1 458 3
1 3 431 1
166 2
3 236
10 1 2 2
1 2
1 4
1 8 16 13 6 3
2

404/ 4845 = 91.7

1 2
3

204
5 48

2

3

4
1 2
4 3
i 8
13
7 1 1
2 1 3
i
105
418 1
72
2

25

174

11/
15/
51/
3/
33/
30/
24/
49/
19/
16/
6/
16/
21/
8/
9/
82/
7/
4/

223
176
253

14
440
500
482
267
477
447
162
252
225

56
114
500

79
178

20

= 95,
= 91,
=79,
= 78.
= 92,
= 94,
= 95.
= 81.
= 96.
= 96,
= 96.
= 93,
= 90.
= 85.
= 92,
= 83.
= 91.
= 97.

W = O = N ~NNWdh OO OO0 =



test.MMY.best

174 13 9
2162 1
1 202
1
i
4
i 2
1
5 2
i

Total Exror::

4 6
2 2
2 8 18 3
12 1 2
5 405 17
1 1467 5
i 450 15
23 210
1
3 3 1
1
13 7 4
2 3

409/ 4818 = 91.5

404

9 1 3
4 7
1 11 2 8
6
1 24
457 1 1 32
157 5 6
1 233 1 4 7
2 208
10 56
3¢ 2 1 131
1 4 463 1
1 63
10 155

33/

8/
45/

3/
35/
33/
29/
51/

1/
34/
i1/
20/

4/
10/
37/
37/

7/
11/

207
170
247

16
440
500
479
261
405
491
i68
2563
212

€6
168
500

70
166

21

84.1
95.3
81.8
80.0
92.0
93.4
93.9
80.5
99.8
93.1
93.5
92.1
98.1
84.8
78.0
92.6
90.0
93.4



i

V=Yl

test.FKN.best

176 5 19
2 166 8
1 228

7

2 2
5 14
3 14
16

1

2 1 36
2 8
60

Total Error::

5 1
4 1
1 2 10 1
13 1
36 393 1
26 10 4589
4 446 4
11 231
7 2410
1
1 2 i
3
i
39 6 45
1
2 1 4

675/ 4934 = 86.3

442 1
164 12

245

1 2

2

1

2

DN D 0 =

207

56

20

177

HH 32/

2 :: 15/

3 HH 25/

e 2/

3 :: 47/

1 @ 41/

1 s 36/

2 i 34/
2 i 29/
58/

HH 14/

3 HE 18/

11/

10/

e 4/

303 1 197/
1 67 HE 12/
2 85 :: 93/

207
170
253

16
440
500
482
265
439
500
178
260
218

69
181
500

79
178

22

= 84.
= 91,
= 90.
= 86.
= 89.
= 91.
= 92,
= 87.
= 93.
= 88.
= 92,
= 94,
= 95,
= 85.
= 97.
= 60.
= 84,
= 47,
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B stvZa—Yav<brtl)yvZR

..............
..............

..............
..............

168 6 6 21
1 163 4
2 3170 2
14
6
7
3 8 7
3 i8 4
1
11
1
is 2
i
39 10
Total Error::

1 1 1
i1
4 23 16 3
i
421 12
65481 3 1
463 6
13 221
2
3 1
12 3
5
8 20 20
2 14 16

579/ 4903 = 88.2

8

2
396
494

2

2
2
4
i
2
182
1246 3
1 2 165
5
27
2 11

1 19
21 10
69

2 142

405

13

74

70

36/
17/
76/
1/
18/
19/
29/
44/
7/
6/
o/
41/
52/
o/
39/
95/
1/
98/

204
170
246

15
439
500
482
265
403
500
182
287
217

69
181
500

75
168

23

82.
90.
69.
93.
96.
96.
94.
83.
98.
98.
100.0
85.7
76.0
100.0
78.5
81.0
98.7
41.7

W W i O N O W = O b



B ava—=SYuv=l Y ys R

..............
..............

..............
..............

166 33 14
2 168 1
12 2 182
1
49 2
8 22
19 10
1 b
2
1
15 35
14
1)

Total Error::

3 2 1 6 1
2 3 1
1 1 36 158 1 1
8 3 1
3 307 78
3 2046 2 3 1
5 423 22 1
1 3 43 184
6 2 393
4
5 8 3
1
2

(o]
-
w

929/ 4933 = 81.2

436

48
10

119 43
163 8
202

14 23

62

63

55

167

380

54

61/

i 9/

1 72/
e 7/

1 = 133/
45/

59/

3 81/

4 67/
63/

48/

102/

11/

3/

11/

120/

e 28/
166 :: 12/

216
177
254

15
440
500
482
265
460
499
167
255
213

65
168
500

79
178

24

= T71.
= 94,
= T71.
= B3.
= 69.
= 91.
= 87.
= 69.
= 85.
= 87.
= T71.
= 60.
= 94,
= 95,
= 93.
= 76.
= 68.
= 93.
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B stvva—=—Lavelly s

.............
.............

.............
.............

177 14 2
1 162
42 23 143
4
i
52 11
20 8
1
4
8 2 6
9 11
3
3

Total Error::

8
11
18
31
37
i8

i i 1
6
2 21 5
2 1
352 50 9
7 441 1 8
349 8 3 8
72 144 1 2
3 430
1 479
1 163 6 12
2 205
3 3 2 2 185
3 65
12
5 19 3 2 3

766/ 4932 = 84.5

w

i6 4

2 2
1
170
444

e B N |

43

75

171

30/
8/
110/
4/
88/
59/
133/
121/
5/
21/
20/
83/
31/
4/
12/
56/
4/
7/

207
170
253

15
440
500
482
265
435
500
183
258
216

69
182
500

79
178

85.
96.
56.
73.
80.
88.
72.
54,
98.
95.
89.
79.
85.
94,
93.
88.
94.
96.
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..............
--------------

--------------
..............

160 28 7 3 2 .
1 164 4
9 16 166 15 3 65 16 3 7 b 1
i 1 8 3 2
104 4 278 b4
2 6 3 4656 31 2
3 1 3 89 1 271 85 1 4
1 3 46 20 174 3 1
2 3 6 2 415 3 4
1 439 6 2 7 . 46
148 19 b
1 2 1 28 1 1 2 178 8 11 23
2 2 3 1 204
6 1 62
5 1 2 3 1 163
4 1 11 19 11 13 6 3 11
3 4 1 3 4
1 16
Total Error:: 1005/ 4915 = 79.6

19
16

409

N -

58

158

47/
6/
87/
7/
162/
45/
211/
91/
25/
61/
25/
79/
14/
7/
12/
91/
15/
20/

207
170
253

15
440
500
482
265
440
500
173
257
218

69
175
500

73
178

26

= 77.
= 96.
= 65.
= B3.
= 63.
= 91,
= 56,
= 65.
= 94,
= 87.
= 85.
= 69.
= 93.
= 89.
= 93.
= 81.
= 79.
= 88.
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--------------
..............
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168 3 7 17 1
12149 3 2 1 1
3 8188 b 1 40 4
10 2 3
4 39 340 52
3 479 11
3 6 450 3
2 12 4 65 161
3 8 395
22 5 1
i 1 7 1
5 17 7 9 2
7 10
i 1

Total Erroxr:: 657/ 4894 = 86.6

3 4
2
2
3
1
2 8
433 6
180 1 1
7 1182 4
i 2 203
2
5
8 7

8

69

61

15

i81

11

12

58
1 150

39/
21/
65/
6/
100/
21/
32/
104/
14/
67/
2/
76/
13/
2/
5/
59/
17/
15/

207
170
253

15
440
500
482
265
409
500
182

258 =

216
71
186
500
75
165

27

= 81.
= 87.
= 74.
= 66.
= 77.
= 95.
= 93.
= 60.
= 96.
= 86.
= 98.
70.
= 94,
= 97.
= 97.
= 88.
= 77.
= 90.
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.............

160
9 b7 111
1
71
3
16

1 2
1 46

Total Error::

4
12
20
17
79
22

8
6
2

9 b6 1
6 3
2 24 14 1 1
i
328 20 1
63 390 b6 3 1
1 3 249 122 2
21 209
3 3 b 416 1
430
178
4 9 1 b
11
1116 563 64 3
1 6
1 27 7 4

1509/ 4954 = 69.5

26

29

16
b
66

67

72
3

181

124 14
62
1

1

45

68/
11/
143/
3/
112/
110/
233/
56/
30/
70/
2/
115/
20/
3/
8/
376/
16/
133/

207
171
254

15
440
500
482
265
446
500
180
257
223

69
189
500

78
178

28

= 67.
= 93.
= 43,
= 80.
= 74.
= 78.
= 561.
= 78.
= 93.
= 86.
= 98.
= 55,
= 91.
= 95.
= 95.
= 24,
= 79.
= 25.
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.............

113 22 3
1 107
10 18 112
1
16 9
1 12
2
2 2
3 8 5
5 3
6 17
Total Error::

22 29
12 26 12
21 4 41
10 3 1
42 365 12
64 46 339
i8 1 22
2 9

9 9

1

15

38

2 1 72

4 3

22 9

2 4
7
6 3 14 i 2 3
9
1 1 9
229 162 18 1 2 6
19 213 2 4 1
i 1 356
449 3
13 129 1
1 1 6 1223 1
3 19 12 120
1 1
22 4
18 12 23 2 1 11 12
2 2 8
25 9 13 2 1 § 13

1496/ 4899 = 69.5

10

31

34

10
67

W o= N DO

47

13
11

162

7

1
3
5

26
2

324
1 42

94/

e 63/

3 :: 141/
e 5/

3 :: 75/
161/

253/

52/

49/

51/

54/

42/

97/

3/

e 26/

6 :: 176/
4 :: 32/
43 :: 122/

207
170
253

15
440
500
482
265
405
500
183
265
217

70

188 =

500
74
165

29

54.
62.
44.
66.
83.
67.
47.
80.
87.
89.
70.
84.
55.
95.
86.
64.
56.
26.

6
9
3

-~
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..............
--------------

140 50 2 10 2 2 1
3162 1 2 i
11 27 173 2 i 3 28 1 3
10 4 1
i 29 66 330 10 2
i 6 4 487 1
4 8 10 433 20
1 7 3 3 252
i 438
489
1 165
2
3 3 7 9 10 2

Total Error:: 684/ 4946 = 88.2

12 5
251 1
3 208

9 13
6 114
10

456

78

177

67/
8/
80/
5/
110/
13/
49/
14/
1/
11/
19/
8/
9/
22/
120/
44/
3/
1/

207
170
253

16
440
500
482
266
439
500
184
259
217

70
185
500

81
178

30

= 67.
= 95.
= 68.
= 66.
= 75,
= 97.
= 89.
= 94,
= 99.
= 97.
= 89.
= 96.
= 95.
= 68.
= 35.
= 91,
= 96.
= 99.
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180 11 3 1 2 16 2 X 36/ 216 = 83.7

4 167 1 i 5/ 172 = 97.1

9 6132 1 1 15 46 16 14 1 8 :: 117/ 2B1 = B3.4

’ 11 3 1 1 4/ 16 = 73.3

15 417 3 1 4 :: 23/ 440 = 94.8

. 1 16 12 464 : 5 1 2 i 36/ 500 = 92.8
! 3 12 4 1 394 66 1 1 e 88/ 482 = 81.7
4 3 33 221 1 1 41/ 262 = 84.4

3 8 9 414 5 i 26/ 439 = 94.3

405 1 2 92 1 95/ 50O = 81.0

170 4 A 4/ 174 = 97.7

1 8 2 1 235 1 5 e 18/ 263 = 92.9

18 5 1184 1 7 i 32/ 216 = 85.2

. 25 42 o 25/ 67 = 62.7

<i) 1 20 164 1 : 22/ 176 = 87.5

3 1 9 1 13 46 28 6 9 2 377 1 4 :: 123/ 50O = 75.4

3 8 1 63 :: 12/ 75 = 84.0

1 5 7 28 6 11 1 116 :: 59/ 174 = 66.1

Total Error:: 764/ 4911 = 84.4
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