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Abstract: In recognition-based user interface, users’ satisfaction is determined not only by recognition accuracy
but also by effort to correct recognition errors. In this paper, an error correction technique based on multimodal
fusion is introduced. It allows a user to correct errors of Chinese handwriting recognition by repeating the
handwriting in speech. A multimodal fusion algorithm is the key of the technique. By constraining the search for the
best handwriting recognition result by speech input, the algorithm can correct errors in both character extraction and
recognition of handwriting. The experimental result indicates that the algorithm is effective and efficient in
computation. Moreover, evaluation also shows the correction technique can help users to correct errors in
handwriting recognition more efficiently than the other two error correction techniques.
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P L 4 (L DR R A7 e DL 5 A Bk DR b 3 1 5 5 TRUMI 1) 28 48 A 0S4 TRUAI A 15 ) 24 1 oS b 7R AR TR
AR ST P B T PR AN ELS2 RU30 LE A/ 5 1R 5 i i HL 3 52 U5 B 1R A TR R K R i B R A IE R AT A AR
R LR A T A

AR SCREA Bl AL 22 TS R A L T 5 R I UM B R I A 1E 59k A% 5 I T LU P i T i R
P51 N 2, 1E T 5 28 UM A R, TR O o & 2R 1 R T o R A AL R B 1) TS A b
B IR A B 1) BT R R IR 45 R —— A I SR ORI AR AF AR R 2. T 21 IE I e i, F P 52 IR X ) 150l
TR 2B R TR A RN, TS U R AT LA IE (& 1) Bm) A A B 5k ot — N Y
W 2 T8 TG il (multimodal fusion) 57925 1% Rl 5503 10 0 S JUAEUR A P 98 30 29 RO S A8 T 5 IR0 &5
RITE R SLI6 45 SRR W] AZ 2B T VA R AT RO 1E T 5 R B 0% 55 53 0 P A4 T kA BT 1 4

SRrEIE SIS

Incorrectly recognized as *

i

WL T

oW W B R

Repeat (a) . l
v
=
(Rt T
© ¥ F i 5K it &
(a) The original handwriting; (b) The incorrect handwriting recognition result;
(c) The correct recognition result by fusing the handwriting and speech
(a) BURZETE; (b) 5 PN 45 R ()il i il F 7 W 15 BB R AT A 1D T A 1) 45 SR
Fig.1 An example of error correction of handwriting by speech
1 AR A E T 5 R R A
ATCH 1 TGy WA LA 2 SRR 5% AR, I 5 A SO AT UL 5 3 W PRIR AR T A P N 2
RIE SR B 4 1 g SRR A ROF I B8 38 5 Y R Af 4L

1 HR;EA

R0 58 & flA 1) 5 2ORE IE T B AR AAS 12,55 T LR JUAS B IR 58— i3 2 B AR ATl %
BRI 7 TR R SR VB 0 2 4 5 1y vE AL () R A T A5 5 1 75 ) AP TSR B R AT L S0 18 11 2
7 B ez Y T A A T B R 22 AN 3 AT A R P U A A T T 4 1
A ANl =B s B LR T S E 1o N IR b TR (BN E A Y (P i R U S o = R IS DA (DY E =3/
R FH B 20 A mT A3t S 38 0 H 7 XT3 22 0 AR AR B =8 A ORI AT R IR FE P AN B2 AN AR
T B A SR N B R G, B A TR R R R AR R IR L AR A A R TR e L
(audio-visual speech recognition, i Fk AVSR)™VIE J2 ji T Il i £ 388 16 filt £ 1) 51 . bk &b, R P B8 300 306 A4 S 1k
(cross-modal dependency) 1) £ 8 i il £, fit fh 25 $12 1 B0 38 3 R0 1 ff 23 U OV AR SCHR HH A 9 3 21 00 T 15 UM A
75 35, E & R T 288 5 15 P A Fi N T8 3 1) 145300 18 52 7 (cross-modal influence) M i& 2 24 45 H 1.
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2 MEXHR

KT A E W AT R AT 5T @847 T 2 8 X S8 50 32 B A T 42 05 3 U BT R i 4] 1E b <R
(respeaking)” & — W T 1R 9 A 4 SR T 7 5238 R RO A % 100 A28, oF SEHL R0 D 1R 208 8 E AT I U3
S R LR P G R R P RO A BAR R B AR AH i1 SR I A A ) BE R U D k< R
I A 5 A b R AR AR UL B (spelling)” f — 288 3 2 W H] - 74 S0 S0 YR i 24 A S il i 1k

AL B K (N-best list)” & b5 — & i B [ 000 A 45 5 20 TR 2 0 7 FE AN LR [m] e — 00 45 B IR 3R 9] 2 A~ 1R 51
%35 FH 0 e TR A 3 v R I A 4 R, B A R UL AR T, A 3 4 3R PO AL IE R 4 SR A AN
Ret1T.

LR i 22 0 TE AT T, A B R 2N A LA ey — R L ) 5 O D F P S 2 B N R TE R R 1R REAE
AN i) 308 368 0 4 A SR 5 VR A S R A T AR B AE I N S TRl R P 22 A e N A A (1
WS TR N % 10 18 2 45 (multimodal correction)” 5 1 1 £ 4t (cross-modal correction)”.i% 5 i - 3 i £ Hb A1)
AN T3 B N (R TR &5 SRR I — AN T8 B N (R TR 45 SR 1T R P A () (1 B 8 A [ TR 45 S 1
AR AN TE YRS U0 ol A A R D N e S S ) i HAAZGUIBIE i H 5 IR
B VAT T ) o A b

A AR A B S IR (B — Bl 2 2 B TR, S SR RS AR M R R 2
FEAAR LB H 1o 1L B A T T F 5 RO R 1 20 188 21 1E .5 A SC AR S el 1 2 FRAT) 2 117 1 — 3
W, %I FE R T — ORI 5 357 4 15 2L T 15 R0 rh 2 R UL 1 7 vR L) 8 9 N B 4 IE A B U 1t 7F
PR A0 2T 5 R TP AR R L AR ST 77 v R AT DA TE - R R A AR AT LAY I AR A

I FH 22 308 T8 Rl 42 o VR 0 B DR PR R SRl T U R 3 2R RLIRIG (early fusion)”. “Bi iRl & (late fusion)”
A B VR A il (hybrid fusion)”. 5 fl-& SRR “4Rr AL 2 flA (feature-level fusion)”, $ Rz B AN [ 18 38 iy A\ 14
AUEZH A b — AN i o, AR AT YR 90 S 0 #5300 5 385 ) B ) [0 26 1) 38 10 i £ I AVSRH 35 5 B 3
) Rl T W 30 b SO Ay i X2 RilA (semantic level fusion)”, 35 B /2 il & & AN B MR MM 45 B 2 208
T N R 0 1S S P e 3 L1200 30 2 [R] g G 300 e 4 B B ST B DN SR 3 VR A R T R A — AN S A
PGS TR F8 AL 7 — AN TR g U 5222

AT AT TARNS R — AR A Bl A 07 S R 2 AT 10T 15 TR 45 SR 0% 38 0 B A b v 5 B 2 B
TE A UL ) 48 SRR S0P I 22 T8 38 Rl ST SR 10 2 TR B il Ay 5 T 5 R A 45 SR PR e v 5 U A S, 1% T
AT T R0 ) ) 25 R 2040 T 5 28 T TR 45 R4 R

3 MEEE

AR SCAR R A A 7V (R AR Do — il 20 0 L SR SR R A S AR R R RS R L A e A 2
PUN SRR LW R 8 ) FY,E RELE T 5 2B R 78 X, T X & O 5 0 AN R 78 5 A 5 X B
AT AW 2275 A 1T R 1D X ) 28 28 TR 45 SR W 2% 28 328 5 T8 357 1) il A 45 SR (WORIAE — S WG o 0 17 1)) 3%
(NEE]

W' =argmaxyP(W[Xnu:Xs) M
FILA DU 22 20, 2D e s Ry
W =argmaxyP(W|Xh)P(Xsp| W, X)) @)
F T X B X RPW A FE 0 37 BB B 3 ()AL 7 2
W =argmaxyP(W|Xpu)P(Xsp| W) G
BATH SWRRWIY & & . X A P(Sw|W)=1,57 LA
P(Xep W) =P (X5 W,S) “
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H W X g 1T F00T Sy 4% AR 37, )
P(XSp|WaSW):P(XSp|SW) (5)
Pk, 3 (3) S b
W'=argmaxyP(W[Xp)P(Xsp|Sw) (6)
FER(6) T, POW|Xp) FT 5 500 Xy [ 25 T P (Xp| Sug) FIT 5 2 P28 5 4 90 45 SR 100 % 55 22 D LT/ N 1
VR DRI A S S R ) R T T g A 2R R e DE D 3 X PR 5328 X F T 3 45 SREW
Sy TSI (6) BT H 1) bR, 75 3 A il 50 A v
1) B TWOA I AT RS 45 W PR TR A SR (W A& 23, TR U A IR ] & AR 4 R
TP 7 AT LU 2 Bl 3K 86 B PR B R WA AE — AN BRI T 5 IR 45 R A L8 3.1 it
Yk ]
2) S XspPL T A e e S ] AT 2 e LR AE T L Bt 5 W) EAT DR, Sw i X 75 2 [F) RE PRI 2 5
A S RlA B9 5 357 (phoneme) 3K 22 7R Sy T Xgp. 1 B 05 R IR S AL FR 0 3.2 1
B % S 2 00 B AR ABLEE B 5 S0 by TP PV 0 2 R R AT B A i, DR b, £ T U
23t T UL, 2 28 300 vl RS A 1, FR AT DN 5 2% ok S A s P S B
B FZBAEEE 3.5 T InbAA4.
3) bR AN ZR TR, PR G 2R R P AR K 2 R T SR Ay 3l R,
TR0 AT AT 75 S TR0 S PP 5 4 T gk Al o 28 P ) 05 5 5 3.3 0 L SR T A 22
FY A SR L AR SR, A0SR SR 565 3.4 715 T A 4 10 4 0 SR 280 U 4 K 4R
3.1 FHIRRIMEIRAEL
LT 5 LM RS 9 7T LA T 2 T A A SR A SR IR . T AR R, R IR T
LR R 9 1 S0 5101, T 5 5 DO A B Sy, T A T 0 4 SRR S5 7 R I R 1
G L SR [ 22 AN VR A 3 . T T 00 VR 00 5 SR MG T R A7 Tk 1) o
TSI R AR AL U145k 2 AT 5 R I IO 0 B 352 S L L 100 7 29 2 B 2 G I A 1 28 R 2

4924, )
AHTRBTERENE ()RR RR g T S rme i sim, % a1 s

PR syt o O AT B 0 7 SRR 2 L.

5 2R R MR A 22 A g ik — 8, AT i 2 R IR iU A 22 Pl i 3k i U1 43 (over-segmentation)” & — Fi = A4 2
AP AFHRILR A 07775, 6 R ARA AT ) 90 5 R 00 15 A 5, B L0 3 52 M A 0
57 BNV R 005 TAFEU 540 O H Wi (fragment)”. ] 2 40 th TR 1) H A0 D)5 S8 1 o)1l
[ T B D1 13 A 8.

PRI N

TR
iR A E— )

"

RS i

Fig.2 Over-Segmentation of a sentence
K2 &L d)sy
W) SHE VI o3 S B Wiy A=A fy R AR — AN . 5 IR S AR AT — A 1 e
O<i<k<T#B W] BERY B —A> 745, R, ST — N MAS FRFII ) 70 S R ST ol
S=(for B )(F e B ) (B, - Fr)) @)
FRAT T — AN DT (P W P 51 22 22 A J LA J Wi e 07 G ) i DL P TR G R el AR 6 R,
B 3 7R 13K 6 P (FL v, 2 P A S5 KR D1 93 R S W e K. 68 7K 7 1) 5 5 Y 2B K B, e v o SR 0 AT
SEATFE 0 d KR, AT — AT R 2 3 AR B R A G TG AT 3 A KA A, R, A
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(% R g

(a) (b) (e) ()
(a) Left-Right; (b) Left-Middle-Right; (c) Single; (d) Up-Bottom; (e) Half-Surrounded; (f) Fully-Surrounded
(a) Zedis (b) Aedis (c) Mk (d) B (o) M () #0H

Fig.3 Six graphemic patterns of Chinese characters
B3 BUT 6 Fir TR R
AT F BeALZURA 17 B G=(V,E).GH B TH U B A B {fofy . Froy P AT BN T b7 A TR 5 0 3 AN s
BTG i A A IE (U SR i B 0 A7), T T PR R e JEG 0T % Be 2 1) PR IR 5 41
G =(V,E)
V={f[iel0T-13Uif) ®)
E={{f.fI(J<T)A(0<Li<j<i+3)}
4 3B TR T AR BOIG L  E —ANEINTHRT, € A N BEBRATT AT AR A 5 i NG M2 P A AT
BE M 745 PR RS A AR P R AE RA LG GHp 48 Ao T4 217 45 SR B A A FLGS L A9 A6 P 4G B 2 PRI 4
R B AR i fsf X R PARFFEIES R (fo)(Fifaf3) (Fa)(FsFe).

By e s KK 3.

Fig.4 The graph composed of seven fragments

K4 s 7 AR

32 & %

TR R RGN SRR A BOE PF 5 ok R R I 18 Rl s h A A 3 S Pt B
75 Bk (initial,in)« &) B (final,fn) F 75 i (tone) 14 B (T 75 B (1 P& 7T & B A 25 (null) 75 B4 w126 i P& b
“tao”, H A BE <O B BEA “a0”, A I <5 2 ph Jg — AR BE-E BN, H R IR A

ph=[in,fn] )

B RN 2 IR 2R A s ) I A B 7 SORAR T R R AR s T o A T U A R O R
R FH VB TR0 P v ) &5 SR Cln SR 5 R ) 25 SRR R R TR 4 SR AR SR A DUE D 0 B 23 B REAT 38 FhEY
B 3 i, B FH ' 27 55 iR 75 Rl R S5 R0 B iny R 3 53 26 75 5 2 phi f) 75 RN 1

253 I Zphy=[iny, fny A phy=[ing, ], E TR AHBLEES(phy,phy) i 3L H

S(phy,phy)=sin(in,,in,)+sFn(fn;,fn,) (10)
ot sin(ing,iny)FHsEn(fny,fny) 23 71 26 7 75 £ 1] 7R AH ALLEE 08 RE[] AR BLEE . sInCing,ing) AT sEn(Eng, fny) (K€ SOK B
L0 B, I B RS BEin g Rlling 2 B AR AR ALL S A sinGing,ing) 40T 05 1 5 & 35 25 SR K s In(inging) AR ABL R %
1T 1. sEn(fn;,fny) IR 2L,

T8 S8 255 90 18] 1R AR AL TR R 55 26 ph & 7R 4 [in, fn], BT LA 32 /5 #1 PH=ph,ph,...phy_ FT R 7R 0 1755 )7 5]
PH=ingfngin,fn...inn_1fnn, Fe FP BEAN 7508 — AN A5 BEBCE BY BE R TP AN 155 5 51 AR AL G 3R Levenshtein
F 2 (Levenshtein distance) /& —4N i@ i i &t Levenshtein# 55 T 8L B2 0 T — NG5 A 5 — A4
5 H T O AN S IR R 45 1) KR R T o SR R R 4 1R K DS B A LevenshteinE 25 1,3 FRF 548 i
B # Sk 1.304TT R W — Fb Bt 3k Levenshtein B 25 LD(PH,,PH,) 1E 2y B§ /4> 3% 2 5 71 PH, 1 PH, B A7 AL RS
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LD(PH ,PH,) B et A A Q0 Bl 7 52 S0
sin(a,b), ifboth a and b are intials
cost_sub(a,b)=1sFn(a,b), ifboth a and b are finals (11)
o0, otherwise
H T R ) B sl Y B S BB R S R A S (1) R 2 e 1 P IUAS [R] S I B 4 AR D
PN
3.3 RAFHERENME
kR 2R B A SR A MO T A T RE R SR R 4 SR TR AR R SRR B R RO R R
Ko Ue T R 51 5 T8 AN (05 3R 7 40 DG DG PG JRE o KA 5 3 1 810 6) I A 2 32 R ) & R B i 45 R BB
FSHE T g P WP UF=tof, . b FIG B — R 5 G R A T 5 TR A1 S, = W oWy W, FEEH B w12
f— A1 1 51 ABE S w8 DU Sk kA 38 L7 AN DU R R 3 s A ZR ph . LG, B0 23 S — AN T RE A
FFEIIPH 3 Pl gy PPl g (OSte<K). BB P 0 T 38 B 2500 0 V8 640 X 10 4 7% 75 32 51
PH=ph,ph,...phy_;. BRI R ] 95 28 8 R iRl & Sk e T 5 T D AR 7R 8 5, s 2 ExFusion(F,PH) Iz 1]

(¥ 2 /R AR

ExFusion(F,PH) return min_cost
for every segmentation S; of F
for every phoneme sequence PHpy of S;
cost=LD(PHuw,PH)
min_Cost=min(cost,min_cost)
end for PHpy
end for S;
end procedure

Fig.5 The pseudo code of the exhaustive fusion of fragment sequence F and phoneme sequence PH
s RIIPRMRIAA TS b 2E0PH ik i
AT ExFusion BN i) 52 2% B2 1 1&] 4 R &1 TAT T AP I8 6 28 28 0k i, 2 AT e ) 7 A7 S B R4 C(T)
Al L (12) T4

3
{C(T):;C(T —i) (12)
CH=1;C(2)=2:C(3)=4
A IL,C(T) & — A Tribonacci$t !, & 25 T |ax 7). o x| 7 S I X (R 224, 00,336, =1.839. H H T 4, — M,

B 24 AN W B 0 N 8~24 N F——at L JTRIAT RE R4 O 5K

BB B R PR IR [ AN 3 2, 6 4, — AN AT MAS R IR 00 43 45 s AT KM AN 7T R 10 35 287 91 (ML AR T
18 15 5 A IR KA TR 3 16 K & & S A R FRoAT S 38 B 2 )% S UL L LD(PH |, PH,) (1 B 1) 53 2% B A
O(IPH, |,|PH. ™1, [H i ExFusion ) i ] 52 2%

\aXﬂT+I|
o[ kSi(|sixN>] 1
i=0

FEof |SFRRS I FAFH I HL T/ <ISI<T. Al WL, ExFusionff AR 1.

3.4 KEAMAKKEIME

FRATTR T 2 163 SR oA e ARG i 9 R e R P o 550 R 2% R 3 B, ) W e 1 F=Fo. i fifi fia o P Fififin
MfipdX 4 A BOAN AT RE[RIAE — A 705 HL O A BATE A RE — D PR Z AT 3 A F W i RS AR 1
Fr WA ] — 45 B AT RRR A Aoy B () AR fis 5Ty, fika i, AR S T3 306 I 1L 5 A — X A2 o
T PR A 23 B IR P A1 F 23 b i PEAS 1 813K R A e A F R — A 23310481 o 2R S i 20 8 U P A 1)
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HBEATIFH:

Fyi = foof o f,
’ (14)
{FHI,TI =fi.f 'fT—]

K73 16 SR 1) R 3 S50 - JRATT 5 Sy i R A0 2l DCFusion(F j,PHy ), 35 7 F 4 R I 51 GRS J
W B RS F ), PH N B 5 & 37 81 3T

) ExFusion(F, ;,PH, ), if j—i<threshold
DCFusion(F, ;,PH, ) = t lrnin' ](DCCost(p,Fi .PH,). else (15)
—1<p<t+ ’ ’
Ho,
t=(+i)/ (16)
H
DCCost(p,F ;,PH, ) = g;g(DCFusion(Fi’p, PH, )+ DCFusion(F,, ;,PH,.,)) 17

KSR (16)7 W 1K /N T i i threshold, 38 4 il &k ELEE R 2R 4.3 45 Hh 1R 95 28 D 15, 75 1,
X3 Aoy 4 B0 R 2 i Bl S AR RSB B {E threshold=5. 5K (17) 2 W - —Fh 23 B I 5 A 1 I8 117
F LR UG T A AT BE R85 3 287 9 R D) B 45

FATmT LA N (17) 2 g 8281 3 TR T 76 4 0K 22 B B0 R AN Sl 5 K 12, DRI T ) DA iy Rl %
SE BT BEy P AR p R B2 DL BRE N E 1575 A R 5 A5 S 1 A 35 38 19 900, i AN b DR S by X (17) & 1) B v
(K355 35 17 403 AT T 52 SCLen(i,p) A A TE 1 1 e, 6 J AT B 29, 0 SCaR(18) A F 2 U — 0 i 1) B

Pos(p)= NP0 ) (18)

F5L 1 Pos(p) R 7% T3 AL 745 ' 51 0 B e T I T 1“7 45 (K — A B 8 ol TR AR B PH K —
AT FL G, B 31 TP FUPH phidepy=PhidPhice 1 - .- Ppniaxpy (3L 11, PhIdX(p)=k+[PHy | xPos(p)) A 55 3. B Fi o JiT T TC 11
TR R ALE 6 s T Phldx(p) B UF HE(FE A B B g N % T BT S fof L 6 UL TS /Y ¥ 3K 1 R A
phophiphaphy) BLZE, FAHE A (17) ' 2 Hq i A2 A i Bl ¥ 4 Phidx(p)—-A<q<Phldx(p)+A.7E 5L LB, A=2.

[P e
PRl
s s §

Pos(6)=Len(0,6)+Len(0,12)=0.48
Phldx(6)=(N-1)xPos(i)43 | (N=|PH|=8)

7

phs [ phe

| oho | ph | ph | ph | phs ph;

Fig.6 Finding of the sub-sequence of speech phoneme sequence matching the fragment sequence
Ko TNz vt ier) & & 15751

L5 LR SR 03 V6 18 R Bl VL 7 PR G252 [P i/ il 5 ARA).

AT DCFusion MHAT 2%, e & 75 L ExFusion B st B 1 b (1 2E 25 k47 DCFusion iy,
BB R 775 A ExFusion ] LK 281 ) BEAO ZH TM AT N #8200 Ji e b 8- S 50 DY 2y 22—
53 M7 Al %1, DCFusion (11 1) 52 4% 20 %

O(E(t) x30"e0FI0)y (19)
ot /& DCFusion H1F threshold,E(t) /275 t A~ Fr Wi E3AT ExFusion $447 R[] (¥ 2. LL % DCFusion #11

© PEBREBAIHTUR  hupy/www. jos. org. en



K AT @RS F5RA Y485k 2169

ExFusion fIrF i) &2 2% i 5] %11, DCFusion H. ExFusion &4k74%.

DCFusion(F;;,PHy ) return min_cost
if j-i<threshold
min_cost=ExFusion(F;;,PHy,)

else
for m=(i+j)/2—1 to (i+j)/2+1
for n=Phldx(m) to Phldx(m)+2
cost=DCFusion(Fim,PHkn)+
DCFusion(Fup+1.j,PHn+1,1)
min_Ccost=min(Cost,min_cost)
end for n
end for m
end if

end procedure

Fig.7 The pseudo code of the divide-conquer approach to minimize the cost of
matching a fragment sequence F;; to a phoneme sequence PH, ,
7 RHIG R R FRA Sk O A, SN R W7 R B 55 7575 5 R P A PH, o FO IL AT

35 MER

PP 025 R SRR DA . 5 T 5 A B, SRt 2 SO0 3 5 A AL
T PR AEAE R 23 0] 22 A TR i 28, 1) T 3K 26 Ak 126 e 9% S VR A b e o ) ) i 38 A 1B T < I ASL 3% 3% (weighited
phoneme) SR K 78 LR A 18 & TR IE (115 5 2%

AL 28 wph 1T e 2 A3 3R AL G X I BE- DG BE [win,win]#) B, L win S inA
B win JEINLE BEE L

22
Win = [Wy,..., Wy, ], YW, 00, W) 20, Y W <1

=0 (20)

37
W = [Vy,eoeVag 1, WV o370 Vie 20, 2V, <1
k=1

FErb i AU R, IS BRwin & 4% 30 75 BRI G2 ML 20 G AR Bhwfn @& 4 3 8 REIM R R 20 & AEAR R
SRS BT  winFiwn ) 2 7 w] # 46 R
win =[w, -in’,w, -in',...,w, _, -in*]
{wfn =[v,- %y, - fn',.., vy, - ']
— R, K 2 How ATy B EET 0. TR, FRATT T LARS ZSRUE A 0 T 3 AR A & E I winFlwn &S R
1L HAUESR 1.
1 I C IR B 25 B0 45 N 5 2= i 3 pho,phy,.. ..phy_y B A5 & % 2 phi=[in;,fn; ] ¥ & 15 & (confidence) A t;.
PATH AL ZwphR R 7R X AN 85 R 45 5 wph 1) v 5k

€2y

W = Zk:[tj x equal in,,in')]

=0 1, ifa and b are same

) , where equal(a,b) = { 22)
, 0, else
v, = > [t; xequal(fn;, fn")]
=0
Wi, <16 B8 IR M [t,ao), [t,iao],[d,a0], [t,0u], £ 47 B 43 Tl A te, by, ta FHts, M2 PR 53l 45 A i B 35 0
{winILE =[t,-d,(t, +1, +1,)-t]

wphy : .
PP winy, =[(t, +t,)-ao,t, -iao,t, -ou]

(23)

IR 38 7 5 U o 10 D34 705 P 0, 5 25 0530 45 84 2 5 (o). ph ). (phapha ) B A5
5B Ao, R AET 1 MR 2 5L — 3 2, TR 3 474 77 6 AR 2 WM R W P 0
R AP A B 7 BRAT T AR £ Fwph Fiwph, o 75/ U 4 S SEAE IR 1 RIERAE 2 TP A B 2235
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% pho, A phy g, IS TR 505 8 T2 Qi (pho,o,pho,1).(Ph1 o.pN 1 1), (Ph2,0.Ph2, 1), 28 5 F1 H 2K (22), H pho o.phi 0,pN2 o 71
wphy, Hphg 1,phy 1.phy 7 Ewph,. B T-phg  Flphy A 2585 25, D8t wiph, B DA AS BEACE 2 FINT 1(55 T ), 2o
BRI BREAR 2 1 . 3X 3% B ,wph, 48 T 7588 & VU AZTE D) 23 A i e, DR 0kt T8 YR ff b s e T 0 08 38 L
— M) I TR R 45 L ) A (phrases) 3 81, AR AN B2 B2 DA AN R 2L PN PR U 45 ST DU B3R
BOE 2 3R AR L NS R AR R A B T A S T8 & UM B IS 23 41 R OR.

BAVE BB S P 0 R IS BT R I, B T e SOA R R I ARABURE . 25 8 i 5 R
wph=[win;,wfn, JFwph,=[win,,win,], A ELZ S(wph, wph,) 1 1157 4

S(wphy,wphy)=swiIn(win;,win,)+swFn(wfn,,wfn,) (24)
b swin(win g, win,) e B3 AS AR BE A ARLEE swEn(wfn g win,) 2 B AN IR 55 B AR ABLRE . 3R AT
swin(win,,win,) = MZi“]MZi‘:wljwzksln(inj,in")
=00 (25)

“IN-1 "
swrn(wfn,, win,) = 3" > v, v, sFn( fn’, fn")
i=0k=0

4 TSR

AN B TR I S VR A DG 3 AN T TR W ) % TR R A RD) BRIV RS E e 5 Ak
M EL, % 7 5 B 15 A 8 o A A R A S B P, T 5 B AR R I E T 5 B R R e L T 3R GE
B0 AN 28 s (R 35 U K i SAPTP® It 46 7 1.8GH CPUL512M P A7 Tablet PCAE Ay 5246 1]
HLILLCD SR BE S R 2B N, N B 22 08 MOCRRTR S5 N SE IR B0 N 60 A8 AR SR ORI UM #5115 fy
T, EA153 4 3 41:D1,D2 FD3, 541 20 A A) T8 S AR 4% 2 (error rate)

| correctly recognized characters |

error rate = [1 J x100% (26)

| all characters |

D1 ) I IR 3L N 20%;D2 HhA) 1 A DR L0 45%;D3 a7 IHT IR R L1 8 70%.4F 3 Fh 2 28 11
AR VETLLT2 T3 HEAT EL AR T1 23540 T 28 T3 HIN-Best List(8) 77 2020 1E A5 23 45 1R ) 45051 T2 2 3 A1T
T A 7 VRS R A E P AR AR R T3 AR AR T 12 45 S iRk o A
NBOHIR ) 3 41S1,52 FIS3 MG 1 8 Hr it 77 2N (H# 4n, B 7 4% (S2,D3) A T1, 26 /- 82 Hhr Al FH 77 3T 2 i i
D3 F R 5 ), A S [ 0 20 A 0 3 2 T S 36 s v A R A R A A R A S P T2 B T3 I, AT A
FAT LA A Bl By 33 0% DR DA T2 RT3 33 1 B 4 55 U A 7 Y AN i ARAIE 100% b 24 11 JIT AT R4 58 FRA 1 B2 SR AR A FH
RT3 I S A T 2 A

D1 D2 D3
S1 T1 T2 T3
S2 T2 T3 Tl
S3 ] T1 T2

Fig.8 Rules of how subjects correct sentences

K8 b AT 20 B i) e R0

K& O(Y 4l 7m 2 FEIN) X A B2 3 AN B4R D1,D2 1 D3)25 2 3 Pl a4 07 v (R M R R LA 45 1 ik
TR, AE R R LK IR D1 B3 Pl vk 1R 2N A RO AR AT AR T A6 85 5 L =i 19 D2 A D3 B T3 e ] AR T
T1 R T2.0% 5050 45 R 2 S BT B4 T 28 T 3 b AT A s, — A U0, 00l o IV I 5 % P 08 v 2 2
T T2 A IEF R R B0, A GE A IE T RF P U AR, 40 D b TH I R P A 15 H LA ok A % e
MR TE 2@ T1 B A BR ] 15 T3 B BE R 24 11 7 A8 Y00 5t g 24 10 7 AR R EOURE, DR/ v 35 3R 1 155
N T2 R0 T1 BB S A0 45 P WI,T3 IS A T IR BRI UL N B A4,

Pl 10 T3 5% B A A B S IR IR R T 5 T3 1A 0 45 R B oR, T3 AR08 2] 1 ISR 0 v %) R 20
W N R T A L) %4 R WR W, 5 2 R R 8 & 032 m A T 2o A i B 10
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A A 2R LA T o 3% S RE AT RO A IR AR P (6 R,

550¢
500 200(T
_ EBefore
Z 450 .1 150
£ .
2 400 572 BUsing
2 350 100 - phoneme
8 oT3 .
5 300 50k | |OUsing
O weighted
250 phoneme
0
200k Data 1 Data 2 Data 3
Data 1 Data 2 Data 3
Fig.9 Comparisons of the performance on Fig.10 Comparisons of error counts before correction,
efficiency of three correction after a correction by using phoneme and after
techniques on three data sets a error correction by using weighted phoneme
K9 kR 3 a5 ikALE 3 4 K10 20 A AR R B RT3 28 AT 5 A A )i AR i R B
B4R LR DA KR I INAS &5 22 1 o 21 i I B R B P AL

AR SO A8 7V T A BECRUE 2 1 A R R 58, 1 SR A7 AE LU 1% 00, 2 6 3l W) RE SR W ca) A AT T
VUM SRR F BRI A b) T4 BT YU &5 R IE £ K5 AT B EARARATELe) BB 3.1 WA
“TEVI AR AT 5 d) T UM R Ch T 5w T UM A AT R AT T LN TN B AR T A
PO R AT TCVE S iR).

P T OX A7 5 HR B 3 5 Y A s il 6 I )25 B T e S0 R AT I ). 45 R SR W il 5 SR AR A
BRI Z B A) 7 I AT ROR R JRATIEAE 7T HOE 2 10 f) 1 RS Rl S O, SRR, AT Rk S Y
Tor I R B ) Sk 25 163X 9 W SRR 7 e — 20 SO A RE AR AU A B AT SR A 1.

3.5 i
3.0 -

2.5

2.0 /
1.5

1.0 ol

0.5

0.0 1 1 il 1 1 1 il 1 1 1 1 1 il
5 6 7 8 910 11 12 1314 1516 17 18

Number of characters of a sentence

Algorithm execution
Time (s)

Fig.11 The time to take to for the execution of the fusion algorithm

11 BlA SRR AT )

TR e R 2 T T 5 R P R R R AR SR T AR P 2 G Rl 1 2 VR P R
U P15 5 R P9 A R0 LA OE T 5 DU R A A SR O AN U0 A . — AR S TR S T RO ) 22 A 5
PO A B T R IR0 A% R A SRR I M T S R A UG C i 0 T 5 UM 45 R A IE T 5 UM B R SE IR
iR W, 1% 22 T TE 15 BE 6 A7 R0A TR AR UR, T S0 e vy 5 LAt Y o 0] 8 7 9 A L, A SO s ) A A D 9 2
L4 Ja BIBEFT b BATH AR LU AN T7 [0 55 1 AN T7 1) A SCTT VA AR ST 2 1 A UL o
Aili. 1 H IR A S5 15 PR PP Al A S R AT O R B AN T T R S SR T S e e 2D i AR ST Uk
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(K15 FARESE. 26 2 N9 R IT IR J7 1) 32 25 FE A 2 T "5 YR30 v 2 i R P 85 Al B 2 AR PO SR BBURI AU s B AR
S AR 2 A0 00 2 B Sk O R R A T 104 S TS WU S e SR SR R B AN [
TR T 5 U Pt — A W ST A R
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