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Abstract: This paper proposes a new approach for the text recognition of video, whose novelty mainly lies in the
color-based clustering and multiple frame integration of three phases: First, in the text detection phase, the two
significant features of text block are jointly considered in a video: homogeneous color, dense edges, and color-based
clustering are employed to decompose the color edge map of video frame into several edge maps, which make the
text detection more accurate. Second, in text enhancement phase, the text blocks are identified and integrated with
the same content by filtering the blurred text based on the proposed text-intensity map, which can obtain the clean
background and clear text with a high contrast of effective text extraction. Third, in the text extraction phase, on one
hand, for effective binarization of text block, instead of performing binarization in a constant color plane as in the
existing methods, this approach can adaptively select the best color plane according to the text contrast difference
among color planes for binarization. On the other hand, for effective text recognition, the color differences between
the text and background in video frames are considred, and color-based clustering is utilized to remove the noises.
Extensive experimental results have shown that this approach outperforms several existing state-of-the- art methods.
Key words:  text recognition of video; color-based clustering; multiple frame integration; video retrieval; noise
removal
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W 1 R RSO E R E 4 AR GRS SR IR (video text detection). MRS SC B SRR ERL
(video text enhancement). #4#i  7$RHUBEHe (video text extraction)F1 OCR #F iR 5 4% (OCR recognition). 7
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T RE R AT T AT VR AN IR

Vidgo jrame
Video text | Accumulated edge map |
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: Decomposition of color edge mapl 1
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| Text block localization |

: Video text | Text block group recognition |
! enhancement
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Text block %gup filtering | :
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| Text block group integration |

T T T T TTT———————====5"777779
1 Video text | Binarization | |
I extraction 1

Noise removal | :

! OCR Recognition |

Fig.1 Framework of our method for text recognition of video
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XA 3 A B R BRI % K 4 i (accumulated edge map generation) . 72 {4,341 % %) 2 (decomposition of color
edge map) 132 X 38k 5 £7 (text block localization). N [fi 41 #3445 B8 1R 41 5 .
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SR % B A SRR LU R 2 45 T AR ST i

1. SimilarLoc=SimilarEdgeDis=SimilarCon=False
If Overlap(ta,tp)>rixMin(area(ts),area(ty))
SimilarLoc=True
3. NoneZero(Eq,Ey)={p|Ea(p)>0 & Ey(p)>0}
If NoneZero(E,,Ep)>roxOverlap(ta,t)
SimilarEdgeDis=True
4. EdgelDiff(ta,ty)=Sum(|Ea(p)—-En(p)I)
If Edgel Diff(ta,ts) <DmaxxOverlap(ta,tp)
SimilarCon=True
5. If SimilarLoc & SimilarEdgeDis & SimilarCon
t, and t, contain the same text
Else
ta and t, contain the same text

N

Fig.2 Our method for text block group recognition
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ST BVHE DRI R 45 5 18] 3(c) AN BT 3(dl) 2 7 3K P S R ATU T v Gy i 28] 18 7 A SC 7 X 3. o — 5 T A P 3(e)
3(F) i 7~ AN [ 1) 35 P9 5 5L A AN TR) B4 320 % 4 A1 R 8 58 3 ok L e S <7 X338 9 i 5 81 T LA X3 AR [ ) SC 5 1)
5 DR AE AR S FRATTANAN 5 16 T 30 DR 3 1) o7 B AT AR A IS, TR) I ol 3 B 2658 30 =% DX 3l P FR) 320 5% 9 A1 71 i 5
1B, BB B R A b DX 43 HH AN [ P 25 (04 S0 7 X4k

Ol O#F FiEshE

3.2 XEFERXiGETIE

H 3 19 208 5 56 10 B o, 1 22 A, DG A I 4 A2 el SO P 4 s R AU, S T A ) O T 2 )
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Fig.4 Several examples for blurred text in video
Bl 4 RO S X ] T
h T G 3K B AROR SC A SR IR R, AR SCE ST S0 A e R P SR A S R A S S L I AR
U B A R O T T S 4 T DX AT Rl S0 2B %mﬁﬂ%“f(?)/tx 1% A TR R AL (X,y) 1)
TSR, TInt™ Tint , TInt™® A1 TInt™ 2 52 4 S Bmik S FAEKE . H. A Mems
YT EE E T AT BB AL 18] B SR 7R T I A AN (Ze 3 2 s R IR A a0 2 S e v SR T PRI ABEARR ), ¥ AT 1 S 28
TF S 2 T 5 R LA B v R R AL, T AR ) S S LA AR 1 R AL, T LUOR ) SO SR TR S
I ST Y R 9% R R s L Dt e ) T PR AR, 2 1435 AT P A B v
TIMap, (x, y) = Max(TInt* , TInt/, TInt>, TInt™®) ©)

s 12 -1 ‘ 2 -1 -1 ' -1 -1 2
12 -1 -1 2 -1 -1 2 -1
12 -1 ‘ -1 -1 2 ‘27171

-
(a) Horizontal text-intensity (b) Vertical text-intensity (c) Left diagonal text-intensity ~ (d) Right diagonal text-intensity
detector detector detector detector
() 7KFI7 1) i3 7 (b) T By 1) ¥ 35 (c) ZEXtfr£k 7 I LIS (d) Ax A LTT I LSy
BT Rl KA BT R Rl KA £ 1) 58 8 A I A BT R Rl KA
Fig.5
Kl 5

K 6 e 17 g i A ) 10 3 DX P 0 A AN [ 7 R € 1109 S 28 1375 T F) S~ 288 1 1 37 28 1) o 5 ]
F LA BRI 5 AL, i AT () S 28 1 1 S 5 1 9 5 1] ) i P (e AR

N E A EEE T

(a) Text block image with the blurred text
(2) AR ) S X I 15

(b) Text-Intensity map of (a)
(b) (a)XF IV f1hy 3 - 28 1 5 1]

0 R T AT R iR AYIE S T AIREERFEES LT

(c) Text block image with the clear text

(c) b i i) S D 1R

(d) Text-Intensity map of (c)
(d) ()Xo % by SC - 285 i i 2 ]

Fig.6

K6
AR SL R 37 DX Ak 2 T D A AR Dk s 5 T A B ST XA AT — ST X ¢ I S0 T 2
TIMap;, 85 40 TIMap; 238 P AN B8 43 30 7 8543 TIMap!®™® F175 5% 55 23 TIMap™™*  JF-7E 37 #57> TIMap™ _EiH & ¢
I 3C 5 28 1 35 T A2 B TextClarity;. TextClarity; B &, 3 7n 3C 5 805 W = 2, 305 BB L ik 98 I 25 [ 0 4
TextClarity; {E 4 /I AR 307 DX 381X MR B 38 2 A SC - B R s MO SCEIRIIE Rttty i B
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J& SCFXRAR T MAS TextClarity; EHEK T XL 4,4, 4, B 7 S TROMSEAES 12
AL TIng” TInt  TIng™ A1 TInt® 23 5503875 F B 6 H i 4 AN 307 22 58 JSEAS 0 5 7 2 s B A D 21 1 K F . R .
DA KPS0 A1 4277 1) (1 S0 28 MR AR SR 2 30 TP tayg 22Xttty EAT 245 B0 BR Howy F21E tag T
OTSU J7iEskRAFI AR B, p & TIMap; F1 I — MG 3 tayg(p) X MR EAEIL T tayg TTAH A T 1 988 P AR 4 SR
tavg(P) KT Hots, A 12 p J& 307 75 W J& T35 357432 U AR AR R A S 55, 307 — B e 1 s
765 3 b rh, TextClarity; 327 B 5 o i SO 48 135 W A2 B2 TextClarity; fEDBR K, 2875t Hh 10 48 1 13 I 0 J
PAVHEEE 4 30 TP BUR A8 SO0 R ) MAAS S IR 3 UG AT Rl &

1. For each ;(1<i<M),
TIMap; = Max(TInt/", TInt’, TInt"°, TInt°)

2. tave=AVG(ty,t2, ..., tm)
For each TIMap;

TIMap;** ={plp e TIMapi,tave(p)>Hotsu}

TIMap?** ={plpe TIMap;,tave(P) <Hotsu}
3. Foreach j(1<i<M),
TextClarity, = > TIMap,(p) /| TIMap™ |

peTIMapi™t
4. Select the M’ blocks with highest text clarity for the integration

Fig.7 Our method for text block group filtering
K7 ARSI A R IR A
33 XFRXiARME
AR S S W S B A ST DI PR A5 ORI 23 Dk SO RS A RS AR SO AT g
L IXHEAN By 5% B W 7 IR 5 00, B8 05 193 B W S0 2B 5 O AR SRR A R I T B M Rl IXRE
AE M9 120 2 (7] 40 15 5% A0 3 ek BEBE 0 H IR, SE A T BEAT SO SR IO U 8,1y ROR O b, b R BRI H R
FR 5 A 3 A 110 3 8 1 ) S DX SR i 5 v mT LT 2 5X(8) A A A (9) ke k-

min{t'(p)}, 1<i <M’ p et/
tint p)= z tlr( p)/ M ’, pe tirlext (8)
1<isM'
ti,IEXt :{p | p € ti,’tAvg ( p) > Hotsu}vti,ba(:k :{p | p <€ ti”tAvg ( p) < Hotsu} (9)

St A 05550, 61 % SRR € S0 A AT S LIS M A il A X (8) i S8
A SR(B) 1t Y S DIttty 3415 00114 o LT tag o1 T OTSU 5 V0K 19 40 2
T IR (05 ()RS E g AT L 0 T tas(P)> Mo WU 1% p I T3
TG I TR

4 RS FIRE

P 4R BB H et S 7 [ 8 P50 4T b T, 3050 52 AN S 2% £ B35 5 v 431t 5, 5 81 ] 1 OCR KRR
) ) A S0 VR T LA VA S ) 1, — T, AR SCARAE SC 7 X4 78 YUV %A 4 J5t bt LG (R
7 396 U ZE T b J3E J5 A PR 4 B b 36 4T — (B Ak (binarization), B % U7 b A 7 v 5 67 ) 45 30 53— 5 i AR S0
H BB T S0 G 7 1 (1 P S, AR L A 2R 7 v, 4 T 4 WO B B AR - S 4y
BTk 2 6 74 (noise removal), Al i He AT 7 12 LA B Jf () e 75 2 B 45 S

41 ETFHeasS a1k

AT TR R 2 B PAE R RN Y 405 AT A A PO AR I 13 O AN SR e e (1) e 06 B A PG S 7 e
(2240, A I AR AR 0 2 i B RENS LUAE Y 2 i RIS SE AP O 45 2RI 8(a) 2 — AN 307 X K 8(b) ATIAT 8(c)
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T3 AR AN SCF XK Y R U 235 P 8(d) A 8() 3 il A S AN SCF X AR Y M U 4y B b SCHR[14] 1 A
AT A FEAT R ) A B R AR, U i BRSO ORLE Y 2SR B AR R, T SR R S AP AR U i
0 A Rl TR Y e B AH A a5 R

(a) Text block
(a) CTFIX K

(b) Y color component of (a)

(b) EI@) Y 5t

MABEREAGENAN

(c) U color component of (a)
(c) K(a)it U 43t

s el ERE .

(d) Binarized result of (b)
(d) XS (b)REAT (AL 55 R

HRBEHEAARAN (IR RESERERON

(e) Binarized result of (c)

(e) X F(c)RAT —H LSS R

Fig.8
Kl 8
HE— 2t AR 8(a)h, SCF R ALK, B SO AR R i EIMEROR, M AE G M1 B 2r i BIMERD. 5 —T7
T, 2 SR s LA B 6, B A S X 3R R 2 B BL SN, T 7E G A B 73 & B W (EROR. Mt ik By A RGB
P8, 7 ) e 45 3] YUV 0 205 1] 1) B A AR A 28 30 (10),V 43 f L (9B B il R 43 b (R {E e 5, 9T AL (8 1) ST 7
1V 2k & EATEBORIE, T HAR B 1 5 V o & BT BUMAE. B s TIX 0k B v 78 V o ' B A
DA RSO BN LR, R SR TR V i P X gk B R AT A A .
V=0.615xR-0.515xG-0.100xB (10)
F T BIR b, A6 S0 R EHRTE YUV 28 [ 5 AN 23 b R bE RE JEAT P e BUEL A d3t o 6 BL B
B oy w1 EAT A A (1), Cy,Cy AT Cy AR T S0 Xtk 43 AITE YUV 78 W) &N EE 4 & IR LR C,
e s KIE, ae{Y, U VERILRATERAE YUV Zld 1 as i FET —(E 1. A K (12)4,Ey,Ey F Ey 2
SCFDRIRAE YUV 78 8] & AN e o3 & b 10 20 L R A S0 2 BT S0 IR sl Py v e 4 3 A JRAT T A
TBLR B E b RSy 130 Stk FE A BEAT S INAS 2 C o ae {Y, U VIR b i Soi B2 1) e AR AR A i B B FE 1)
KN IEFE,C it R AR ST XA AE g 5 b B LU E . C A 85 K, it AR S 7 K 38T ey 1 B IR 6T LG R e R, Y %
AT oo i ERT ZAEA0 AR SCR A T SCHR[A5]h 4 I 2o idk 1) Niblack 5 ks UG EAT — A5 40 % T
BIG O I AE—AMERERZ T TR R T A5 3 T XS0 P AR A 6 0 1 S 1 v R4S B A SR 3 B AR A XA
BIE KA W — MR R BT E T 30

Ca:maX(CY,Cu,Cv),aE{Y,U,V} (11)

&= > EGDG= XY E&BGDG= X &) (12)
w/3=x<=wx2/3 w/3sx=wx2/3 w/3=x<=wx2/3
h/3<sy=<hx2/3 h/3<y=<hx2/3 h/3sy=<hx2/3

42 ETHEBEMNEEER
2% o T THD ) A, S X IR B A T PR A AT SRR e W B 9(b) TR, T s e — AN EE ) A
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CFE T SCT I SE EREE FE  TRERS A SO IR ST A A SR AR A R AT R AR 2 R AL LA R A

PRAN A JEE AR #B 55 3C 7 28 10 AR 43T 1 I, I AF P R P gl AN BE 55k 25, 4t B 9(c) i s — RO K Ut 76 R v 37 10
B ] S AT AR I PR B, i W 75 LR L Ry vl ) R S 2 1 AN [ 1, G 18] 9(dl) BT s TR b i T S0 A
5 T A 22 S BT BRI N 5 IATE T 5y B 03 g WS SR SO A, ) SR R P IR M S
AR 25, 10 2 RIS — SR O B 1T 9(e) s kT L3R G A AN SCHE R T 64 3R R AR U 1 AN S X 4Ry
BT~ AR E— S 3 B 45 5 S R T W 7 5 Bk — 77 o, AT 5 P 38 B0 DX 3 23 T AT A B — SR 20 W (0 75 3 R B —
{EL P A v AR — BB S 55— 75 T S T PRI 5 VR AN BE 25 R A MR R R T BE SRS T R T LA R B, AT A
ORI 1 RS 7 R TR ) 5 AR L AT T BT TR 5 U SR SR GRIBK 1A) T s AT e 7 26 Bk IR AT
i DR R P 3 2 e 7 2 [ 7 2% ) CEL AP RAN 8 T 3 T A e A AT A R — B O3 B i A AT SR SR R
P A D PG R 5 A A 2 T MR P O D 8 i P A B B 2 BT AN A SRR K S TR I R 7 )
LB RS 2 1 2R N — 28 AN REIA BT R BRI 7R () H IR A28 T8 I B 0 AT RO FE — S i 2
I TR R T P A 2 I i ) Je I € B 1 B T AP RS R T 9 A R R R S S 1 ) RS, % i g
28N T PEAR R L T SRR K T i,

e mwnrs | SEEEEEC R
(a) Text block
(a) SCFIX I

.{‘- -,;::-.E: z 3 JE: {a _uu-'_-.- "-.':" L -:--‘—-—’—--— - “
P et h B SRR R
(b) Binarized result of (a)

(b) P (a) I — 1t 37 B %

WEERBRALE QMU JREENRRER

(c) Result of noise removal on (b) using connected component analysis and gray constant constraint
(C) JHEEMM B3R5 M R RE — B 23 v 3 B (b) 24 63 1 74 £ & 24

TN T

(d) Colored connected component of (c)
(d) P&l (c)rf ity 32 43w % o € 1 45 R

BEZFBRTE  QRIN JERY DEER
(e) Result of noise removal on (d) using color-based clustering
(e) FHBUEA SR 2SI T ) el (d) 2 g 7 oy 45 AL
Fig.9
K9
X2t AR A AR P IR TRAT B S ST A AN A S AR R (I P L P, A5 B R (B I T )
AR5 T 10 SRR AT A B, 25 R A 1A 10 HR L 3RATTHT K-means (17750 4645 C R IR (3 7 AT
SRR K BB EC Ny 2, 3K S8 340 73 B 7 2RI PR B B R 2 (1 — SR R S0 b — A
O R W P T TR A A 28 o X 4 B O AT R RE — BUME 3 T 2 0, SC 7 R AT G B e 7 K 2 i e e R
B 10 A0 B, A PR AR R R S A I B I ] RE R D R R R IXRE I R g N OCR K
PEREAT YU, W] LAAG B 0 45 2R
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1. For each Pj, PieS, S is the set of all the connected components
c(Pi)=avg(o(R G B)), oeP;
Cada=avg(o’(R G B)), 0’ ¢P;
C={casa}A{c(Pi)}
Cluster C into two classes by color: Classiex and Classqoise
For each P;
If c(Pi) e Classtext
Then Pj is thought to be a text stroke
Else
Then Pj is thought to be the noise

Fig.10 Color-Based clustering for noise removal

Bl 10 ASSCHE T U SR e 75 X5 R B0

o hwn

5 IR

R TR ARSI iR AT VRO, FRATT G N T A AR A A PR A5 S L e R A S 2 T DK AR SRR A
SCFAS I S T 22 ot R AW S 38 R RN A S A B AT PRI ; PG B 2 T AR S ) R S
FORR A SE -4 B 7 v 34T V0 R0 A5yt 5 4k 7 b AL 2 122 120 AN AT 45 3 SE R Ak B 10 N RUA, e AT 2
MZAE 2 Bk R A3 B, W CCTV, Xinhuanet BL & China News %5, 737 h 320x240.48 4811, i LE 4L ATy
A5 1 809 47N [ PN 25 1R SC 5, BRAT SC 738 IR 22 A% S A AR AR AR i 36405 11 312 AN 3 LA Aoy
PR SR A P A A A, L R I Sk B DN T Ik AT ) Fs 4 25 25 v, PR B0 e A 2, St LR
AT SHb o -2 S AT A 0 AR 4 S Ay TR e, ) K AR S I 5 VR AT A R S 5 SR P ) S — S 2 UG i X
AN . 2 S R AR S AR AT S AT I ASE B R AR A S - AR BRSSP R AT VR, B R PR T 2 000 R M R 4%
L BEHLT B B, B R /INE 80x60~800x600 & 1] 1X 48 ] [ oKk 2 HAT B AR M 5, 0 H AR 3 307 IX 30y
BRI A BRI B BE S AN AR R AT IX 2 000 5k B 7 3047 T N DARE, & 4811, 1X 2 000 5k B Ao i 3t
{55 3 248 AT AN[AI AR IR 307, 307 HCA 22 080.

5.1 fRIRSCF 4

PRI SC S R U ASE E 1) A 55 A 70 AR AR A W0 5 87 SO I3 FRAT IR T 3R (R PRAS S 30 40040 2, H recall
(B4 %), precision(HEAHIZ)F f-measure Z5 4 Jhy 305 B 0k W 45 5 1R PE I #5659 recall, precision 1 f () 5 {f 73
[l # 7 0~1 2 [A].recal | FELER R, 15 W A303k R A Ao Wl 280 AH OC 35 IX 35 1) fig 0 Bk 3 precision FRIEL 36 T Al 21 1E
if ST X3 IR RE 7 precision K AR 285 f ME SR %5 & T recall Fl precision, & 4 75 v B AR e 1 0 255507
Yool T S Tk AT 0 B AT SE L T Lyl 05 AT LA, S 46 L 02 1 rp AR SO ik | A SO ik
WX AE T, 73 1 A A SVM J7 V20 307 DX SR I 5 S EAT 3 i i 23 1SR T SVM B 5 ik,

Table 1 Compared results of text detection
F 1 BBSCSRE I vk LA

Video frame dataset Image dataset
Precision  Recall f Precision  Recall f
Lyu’s method 0.587 0.554  0.555 0.581 0.747  0.625
Our method | 0.572 0.581  0.558 0.526 0.790 0.592
Our method Il 0.615 0.566  0.575 0.620 0.780 0.663

R 1A EEASOI I 1A Lyu BT5E ARSI AR B 4 AR T m Bl ToIN T — S8R R p ke il 45
R ELT B RGN T AR OR R 4 A0 [ N R e B R A ASCH] SVM R 0] S DI I 45 SR AT
REYE T LEA ST i3 10 AT Lyu BT R AR SCHE 3 MR RS LIS T S i 45 R R E T — 7 1, AT T8
KA G 5y V2 T 1% AT DAAR B A PR v S DX Gy A A A 35 R AL, B 3 4R PR S0 A R — BRI S B e
E D AT R B v SO DX I () A 4 R g — 5 T AT SVML It ORI T A ME SR (1 R v A K L BATIAE
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T 405 A 75 30 208 B0 R (0 1 ¢ B AT o it 1% 7 RS TR L e i e TR 2 I 85 E T el B2 AR A0 B o (P 2 1)
FEEBREASYUERFEH b T G B ER AN RET ST 2, R Z ik B AR & o0 T AR
[7i) 58 SIS S92 iR R 0 2 % PRI A5 00 1) S0 3 DX 3R 0 5 L 6 T K-means, JRATT A A 345 5E K (W 4H, 18 HBUE AE 2~10
2 [u],K-means % (30 2k B 4 i k S B FETE &N T B b 43 R W S X sl AR A SRR 1 |2 kA
Wk 6 i), 4533 f-measure 1) KfE 0.526;7F EIR B FE b, 24 k IR 6 1,453 f-measure 145 K1E 0.556.
52 1 higs BB n LG B, A8 AT A0 A% 7% 2 S B0 HUAS B8 4 (9 &5 SR St A0 R A7 T4 08 5% 380, 3of 6 AR [k
£ A3 B0 25 HBEAT HO A AR S U7 v 70 B B4R v 11 i 32 T K DR Ay PRI v S 1) B 6 B A0 v B 8 =
BRSO 7 VB A A B LA T — AN SO DR I (4 48 T 11(a) A2 S T v A R R Y S0 T 11(b)
A2 11(a)%F B R (A 2 L B 11(c) R 11(d) e % R B EAT B (i 43 2 (1 45 SR nT LA 38, AN ) 30 €0 1 3 2%
B o R 2 T AR 2T B b 25 78 8 AN 47 B HEAT SCT RN B N 28 2 A vER. 8 11(e) 2 X () AT SC X
ORI (1 25 SR

(a) Image (b) Color edge map (c) Decomposed results (d) Decomposed results  (e) Result of text detection

(a) & (b) BEXPIMBEA%E (€) BADGSEEE  (d) BEAGSEER  (€) TR EmmL; R
Fig.11
K11

5.2 ET Z k& RN F1E58

ARSI 7 RO TG ¥R B A 4 DRSS A AR . U S 7 B SRR L IS 7 4R A B
A OCR B PR SIARE B G rpy AL AUSC 5 18 5l DR 20 Wt 5 SR B8 100 ST 28 i ()35 e B2, SL e 2 H IR 2 ol 17 9
e A S PR R 5 A 50— AR P e % 0 37 TR ) 4 RROGS 22 MR 5 1) 485 SR EAT PRI D e AE A SO,
TR RIS 35 iR AR, B 2 Wt 3 U AT PPN, AR SCAE LA 3 AMEBRCR AR IR 10 5 9 KR 22 Wt 1 U ik
(¥ 78 R T DA o S VR 16 5 SRR IEAT DRI 22 ot R 7 1A 28 R R, S RO 45 R B AR SR R AR SR
JH T SCHR 20T H R MR S5 Ao I 5 2 AN AR SC 7 SR I 46, I 45 65 1 SCRR[LL] o (9 AR B — B0k 20 i g ok 25 Bk
M 7575 OCR B UM B, A SR T U7 IEBLE OCR BRI SC 7 Horr J5 IE B OCR #RA12 — ANk
JSCSATRY AT T2 N AE T DSOS 0 VR 5 . DR by AR SRR 75 32 R B () 77 32 AR PR 1) 1) 77 1E B S OCR K 3k
AT U, BT BLIRUI 45 SR RERS LA SOTR I TR RE. D0 T 5 B 10 22 W & SR b AT LEA AL T 3R 4 FioAs
[7] [ 22 Wit 5 75 95:(1) SCRR[6] A (¥ 2 Wt 15 77325, (1) A SCIR) 2 Wit £ 75 325 A P AN P8 20 AR SCH H 1K 307 X
SR AR IR SRR [6] 1 AR ST XS Rl 5, 12% 77 9250 B0 B R 65 v ) 37 DXISCREAT P B Rl 5 (1) A ST 22 Mt il
05 BT DTS F 4 5 Y () 3 XSRS 0 5 9 R SCHR [7] 7 PR S DX B il 45 59 A2 5 VR T e/ M B
F5(IV) AT 22 Wik &, A 30 A SCHR HH I 307 DTN L 307 DAL BRI 507 DX AL Rl 3 R IRAN TR Y
2 MR & T IE A Al 3 A REHRIEAT 2L G, ok Bt A b T AT Ak B, T LLAS B AS [ ) ST RN 4 2R ACSCR
FHT 37 VU 5 4 3 (Wrecan) - 307 B3 75 58 (Wprecision) A1 3“7 YR 31 HE 2 48 (Wipepear) K X IX 28 YL 45 SREAEAT VP
3K 3 ANRBR I E ST

Wean =N IN W =N IN Woapeat = Niepear / Nrecognized -

LR Wiepear 7 P R (09 3“7 7T £ 2 £ AN ) RS o 48 T8 52 AR, X b ) AR R 58 3 7 4%
HAE YU IR AL L3R 3N RFR 2, 2 Wik 5 5 3% 1R RE 32 2R T Worecision A1 Wrecan, 1X 2 A 4 1E A 5 H
SC P A U S B O FE AR B S Nancorreet A2 1E ) U ¥ 307 % H A 45 T R YU 19 37 Neorreer 725 F
A YU IR SO 5 E A R B 5720 H N repear 72 B2 5 U0 A SC 7 H0H Naicorreet FIE5F T Neorreet 9 Nrepeat <

recall correct groundtruth * precision allcorrect recognized !
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5 Nrecognizea 72 W H 1R ST 7 A5 5 5 R 1 307 Nyrounatruth 72 PRSI A AL 5 (KB AT 307 Wrecan A1 Wiprecision [ {EL
iR, A % SO P 5 SROBR I RIVAF SN () 22 Wi 75 D7V P e T
T2 T MEER.
Table 2 Compared results of multiple frame integration
&2 MO 2 WG Tk R

Video frame dataset

Wprecision (%) Wrecall (%) Wrepeal (%)
Method in Ref.[6] | 54.12 47.55 6.88
Our method 11 59.50 54.82 7.59
Our method 111 59.28 53.34 8.36
Our method IV 60.43 57.43 8.01

GG F e DUE Y, 2 il 5 VAT A A A M A v 28 B EAR T LG SCHR6] P I J v B U 1) & AR 1K R A
AT T V5 R T g A TR SO XA 43— 20 LR VR 1 5 R TR IV IV L i 1 R v
NP A 8 R A ME 2R AR vy 7 i IV Gl =255k BN J5 T (1) 5k IV 26T AR S rpofid Hh 1) S - 28 1 i
VL0 5 3 5 T D T 82, L 30 L A DAy 95 AT 1 S DX sl R AT i, A T T S T RSB S kT il & 2R
GRM;(2) A IV GG T TSR R R ME R O A5 BR80T SR AT (R4, B v L B IR B SR EG S
-, T fi6 6 45 380 B 4T 1) S SR ORI R A R 285 S 1 12 4t T LA 739 10, D730 1 R 1V RilE 13 30 1 &5
SR 12(a) H SCER[6]HR T VR 20380 1 S0 XA 3R AT Rl 19 38 1) 45 S 3 OGS LU B K I BUR 3EAT T 1
flE B 12(b) A2 F SCHR7]H 7 v 15 20 45 06 s ER AT B ME A 15 B0 0 45 51, B 12(c) e A S vkt
ATRE 1S B 25 B LA ) 12(a)~ 1 12(c) 110 &6 SRx Bl 3 o v, BB R S 3R G LR L 12(b) AL 12(c),
12(C)H 1R &5 SR S 2 1 B A v A T 1 12 () 11 S LRSS, DT b, D5 325 1V 110 5 R B R T S0 (R R R R S
TiEM R 2 IR R] LUE S B 5 VRA LG, R A FRATT 0 D vk IE U] T SE 2 (0 S T LA E A UM ) JLER T
P IR, 22 WUEh 2 7 VR ROV T vk T 4 RN A R T T TR X AN R AR RIS T I
ETEUF ) 45 B DR I 256 25 8 FRATT I D iR R T A T IR 7 v i &5 3L e A FRATT . 5 2P 3 Rl & 07 v AT T
FU A5, BRIV SR AR S5 VR AR I ST DR A, 5 %o 4 P 1R S0 7 DX sk UG AT ST 3445 B il B EMB L Z 5 VAR B ) £
HE, A A4 5 59.97%H1 55.91%, A T/ 30 i 1) 60.43%F1 57.43%.

FHEZF BT R
FHEZ—F HBEMH

Fig.12 An example of multiple frame integration. Left part is a text block group
Kl 12 Z Ml 4 R 254

5.3 I FRE

R X AT - SR ISR HEAT VI, PN R T 3 (R A SRR P A B R T A 30 S A R s £ VT &5
B BRATTF AR T 3 SR ATIURT AR 1 S0 DR 0 3775 22 AN W0 A0 e 2 52 300 A ) S0 5 DX 3, FRATT I B
FErh 1 3 e G HEAT VI, 458 5 56 U 1) — W o IR ) — W R e S 10— D 3R R A 440 b AL 7 1809%3
AN ST IR, A 1131253 AT AR IX B FRAT 2 B LIS AR [i) £ ST DX S A [ ] ) R 3 10 P A kAT v, 2
h T UE WA SCOVE A BN IR 15 560 307 RSk B B Be 00 B B P b 5 A 3 248 NN IR] IR S IR, A B
oAy 22 080175 S5 Hv 0 T3 46T TARE: R S0 DI, RATT AN /) 1) S0 S BT VR REAT A L, 40 S0 7 X s B 5 e Ak
o nlft OCR B A RN ) — A8 S B IS N [RIRE (8L OCR AR BEAT PR 34, SC - SR BB S 1) P e gkt v
DU SC7- TR 53 1 25 S BEAT VP, VR F8 bR F T 28 5.2 715 8 S Wecan R Woprecision A T 5 LA 1) 5 151847 HL
B BATILT W LR 735 (1) Ly 1995 3R 3% 05 iR AN [ 38 I () S5 8 B AR SR AT A A, I FLR P 3%
T8y B 3BT IR R 2 BRI R (1) A S 5 R AR A QS B SR 28 25 (1) ASC LA SC 4R B VR R 3 i,
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AT R I VELE SO R A A R R A R RIS T LG Lyu(U7vE 1) S0 (R 25 . — U7 T 3 st DAL 3 B 3
T W EAT 8 vmon bGP PR U oy e AT B, BE B IUAHIR A 1) A A 5 S 0 — 7 T B T A SR 2K 1 Ty vk e

HE— 2 25 A PG P R 7 SO ST U 0 4 B LA i N R R LR R T T R Rk
s 7 V5 T 7 3 10 AT v W T A A 468 SR T 3 103X T (0 S 2R B v A 2k 25 i 75 1k — 0 R v S0 7
WU R B AE T N AR SCR T Rk e s s k7 2 B R S R I BIAT T vk 2 B e 7 AR S T
ORI 20 e X By SR T A 7] M 7 25 Bk g 1% 1 F MY i SRR i AT 5 i 0 A B L B AT €
RE Jenge Ry BB b A B B 2 T Wi 7 AN o 0 R RS 1 IS A A 2 ) A A S 2 R R R R [ — 2 R T
AN AT B0 I 1) M P 2 BRBOR FE 2 W] AR BRSO U A R T R S, RATIE MR T H AT B IR IS
B AR i B3 301 Worecision F1 Wrecan T3 51l /2 79.68% A1 37.35%;7E IR HH 1 A3 B Worecision
H W e 1H 23 5 5 81.91% M1 49.21%, 5 AN 3E 4T 25 1Bk 2 2 45 30 1 45 51

Table 3 Compared results of text extraction
x 3 MO T HRIOTVE LR

Video frame dataset Image dataset
Wprecision (%) Wrecall (%) Wprecision (%) Wrecall (%)
Lyu’s method | 78.48 48.27 72.52 53.07
Our method 11 79.08 49.86 74.25 58.24
Our method 111 83.89 82.71 85.04 68.49

5.4 MR FiIR5

I TR (10 S 56 3 590 5 R ST R A AT ST 7 AR I AR o R AR S =7 194 9 A e R ARG S 7 3 IR B AT 7 VP, R TGS
AR ST A AR RE AT IR, SRR T b 3 X MR AR R 2R TS A R VR AT A, FRATT S B T M A
ik

(1) Lyut O (. 595, 12 5 365 2 A 955 AR R LA S R e R R S 7 B B B

(1) ASSCIR J5 ik AHE AR SCHR HA TR R AT SC A I ABE B L A0 AT S 72 385 S A e AR R A S 7 B B A B

HH P AT o IR R T v AR BT 2 S A5 B R ST EUR A A S BRI NI B OCR
A AT IR, Wrecai, Worecisions TH Wrepear X 1R 1 45 SEFEAT VF I PE I 45 2R 41 F :Lyu 76 Wiecai, Woprecisions F1 Wrepeat
B0 45 By ) S 57.07%,40.37% A 4.43%; B AT 1K) 5 15 AE Wiecai Worecision 1 Wrepear 1% [F1 45 5 43 5l /2
74.05%,63.59% Fl1 12.46%. 4% 3 5 ¥A7E A 4 RN A vE R FAREE Lyu )7 ¥ 10 K 3R 1 TR O AR S HY AL A0
SC RS WA SRR S - 4 AR B L SR [ 100 H 110 A I AR R T A A R0 (R I, 3 22 ot il A (R A0 S 1 R A
B RER AT O R FH AR AT 1) 0 AR S A7 IR e — 235 S0 S TR 1 45 S 3 e 8 T 18T () S5 56 v 45 3 7 UE R,

6 IE\%&E.I‘:EE

AT T e T U SR 2N 2 Wit 5 OIS 7 R T ik, R RAT R BT 2 b

(1) ERISC R AR SR, 7890 % 18 T 307 DI 1 A Sk 38 R A 3R S0 7 A 2R BT U R T
QA 7 BB S AEAN IR B 1R 3 G oy it B 45 130 % 1 I v A4 1 25 A 120 5 I e I R 5 iz 3
DX 3k B AE A

(2)  FERLBISL 7 18 A AR B X B 5 A () P9 2 18 22 A 307 DO AT il 5 R D S 28 1 i 52 P e 9 9 S 2
28 0 B 1R ST X O SR T Y SR R e /LR R DR A BE S AT RO S0 T SR
S8R 3 2 [ A

(3)  AEAMSC - B HORE e, — 5 1 Al 3k 36 b g B S R B R A v € ) B R AT B, RERS 15 2
FAF 9 A SE R 50— O 1, B R8T MR P OO 5 SR I 2 R R UG IR I T i R S i
I 53 e M AR JBE -~ BUPE 20 B, BE 0 BE D A7 Rt 25 R e
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FEFE R R AR FRATTRE E — 2B AT TR A 52 2% 7 (0 TR B 91 G R0 3 5l - 1) 3 B R Rl 5 ¢
AR BB AN I e 1 A 0 R i FCREE A1 0 R AT 5 R T ARU3  R 01 e o LA PAY 2 EAT 5 HE A 1)

PRyt
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