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Abstract

Abstract

Binarization is a common technique used for segmenting image. The
essence of binarization is using a threshold of gray level to classify the pixels
in an image. As an important image segmenting technique, binarization has
great impact on the final recognition result of image recognition system. A
image recognition system usually has two subsystems: preprocessing
subsystem and pattern recognition subsystem. The preprocessing subsystem
has to segment the target and extract characteristics from the target.
Binarization is the main method to segment target. No matter how well the
recognition algorithm is, image recognition system can not finish its
recognition task correctly, if the target is poorly segmented.

Check recognition system uses DIA (Document Image Analysis) and
OCR (Optical Character Recognition) techniques to process the check images.
Check recognition system has great academical values and commercial values
and has being studied by many scholars recently. In the check recognition
system, a check firstly scanned by specially designed scanner in order to
getting a digitalized image. Then, the critical step of the check image
preprocessing is binarization. As a foundation for the further process,
binarization extracting the interesting objects from the whole image has huge
impact on the check recognition system.

This paper studies some of the binarization algorithms based on the
references [9][10](11][12][13][14]. After analyzing the histograms of gray

images of 2000 cheques, we found a clue, which can be used for segmenting
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image. With the clue, we developed a new binarization algorithm based on the
maximum gradient of the histogram, making the target object stand out in the
binary image. Comparing several other commonly used binarization
algorithms, the algorithm proposed by the paper has been proven in the
simulating tests to be more feasible and advanced. The contributions of this
paper are: Concluded three different kinds of check image processing patterns.
Introduced and studied several binarization algorithms. Introduced the results
of line-detecting and some other measurements to evaluate the quality of
binarization. Studied the relationship between the scanning resolution and
image. The innovative works of this paper are: (1) Proposed a new and
effective and reliable algorithm based on the maximum gradient of the
histogram of the image for check image binarization. (2) Introduced the

results of line-detecting to evaluate the quality of binarization.
Keywords: binarization, cheque image preprocessing, histogram,

maximum gradient, segmenting image
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45y, BREXANRACSHRESAESRT ANMER. L5605,
Plim: ERBHIS BRI RE. BWYGRMNEL. ARIARRSZ. FRIRMER
%%. MERELSmwHEYEF, dTEMER, FIE GER. LR, X
B, ABXKREES LBEKPLCEREFAKBEATITER (ATHHLHE.
BHEEBFRE. ALEH. FPEHERSFFERENEK, SRiTkak
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TESMARITOANBRE. BHBITEIENAZEEE R, NiEMmE.
BFXRANRLZBSRFTERBAFARNEURELNE, CLBXEEH
ZFAMNEIER.

BAAHENMEARGERITIRRIRZNAR, ZEELRAASTER
B: rEIRE. LM XEREX LN EHREREALTRES. GFEL
KEEPIHH EERT ZBE XX FIEH R4 HE P LEIPOOE Jbrdn
BAZHN A ERRAATREVNERTBRERTLERMG—4 BN “BIT
% OCR Z4HMREXRHEAR” 11863 MH. NAF#KE, LLEFHEA
B3 X RIRFIAAR, RERVEFTHEAXELN. £EA, #AHL
LHMBRBIEASAMESZL, HMEA T XHRIRIE.

MIXER[6]FTLAF W, 7EESF, —4M%&K4: A21A Bank Check Recognition
System X R AL ERELEHFALHB R ZREAH N T REHK,
REMSALBMIT AR FHIE. IEHBERE: XH, FREE, HicF.
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ERERERE, BFASEE. SRANIEHNTRSEM 1996 £FFHE,
EEENERETREEIHATGEST, LELETFHTREREHT
60-70%, HHRZY 1% (BEATLAEMHERR). BXMI7ITE, FRAR
7 A2A RAMERL, #7 T ENFENFHEMLTR, #ECERET
R R, %F A2A ESHARMN TN BT USE M8,

—AEBHEE RN EE R G T ETF REAER AN T RIS
k. MoEAEAEYBEALETREPHBRLRARZ —, CRIEAE
B R AT/ ERAHAH E B LR M ERMIAREASM B 5. A6l
XF EMBEARBGEE k(9] (101 [111[12] [13] [14] X5, X —{HIL K
R R EAE A ERTIT0, RS ERRNTEP NN — R,
H3 L E AR EANAKE A, SEFRAMELE, EXRET—HETHE
HEBABEMEN. BTFEE_EbnEE.

1.2 Z{E{EHEREE

ZHABEREIERIBERPH—F, FELEETRE
(Threshold) A FRHBFEEPRBESIEME, —H 1 X7, NEL
WEHAB, AR Foreground): B —EH0FR, U LEEZAES,
¥ 4 H & (Background) ; SRERSHGEEN S EfMRHR. —HLEE
VA3 BRI ER &S, BRESFE—HERMN_ELEE, HIEE
Wik, —fEHikRE—ERRERQABMEA - EREE. 20%EE. AT
REMSAHTUK M EEEMEEE, A LBHELETFRE, RIIT A
HAA R KB TRESTHNRA. BHEXT _EHLNAFXRESEF IR
[15][16] (171 [18][19] [20] [21] (22].

AMKHEHRBERAZEHILEARERZARAR T XHFFE. #in:
EMIAMELS. OCR BL4™™, KESMELT™. HBRBAZEEL™.
BEESFE. AREGAIY. BITSEADNCLEELE™.
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FERLIASCRAEE. BR. A8, RAMELTIEAKOZTER,
ERAR. XEMHANLLE, FERTHIZLRYEHE, AEALH
2, TURUTLALRER.

WA —: XEMRH. AHENTAHEBARTER, ATRAZXZEMHEX

F8 (BEAREHEFEB) BEEE ETHERER.
R, KREANRARLRERE, MAHMER.
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SETFFORAERE. BEH " R KEES EHmE S Aok

5 REY “Nik” ZEESHE

BHE, ALHHRT, ATEKNESELEE. Flm, “Re” 2@ “ %"
A RESIR IR, A "R ER TTRER A, BlE 2B H 847 (unimodal) .
“Z¥” (multimodal) FE&. FF3XLEAFH], F—HIMRRE 1 W RIZEF B
W, fim, &3t “FE” MREERIKEE, R[34)ERE, #&i
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AR RHRL TP EIER

RE_ELHEFESREFRRANGHEY. AR, 2B THNEZB
AN TR BENER, plimcmie), ExtEETIRLE, SREH
AR _ELEEREFRE.

Xk (10] (121 (13 BB _EHEHEHRTT B4 . REIOK(101[13]189
MALRKE, ANTEATHEAESE, RE_ELEEELEHR AR
HT RIS, BRERNEARRE. EXRM2) A HMRF, #F
RECOPHFEDRE T4 BN, BEERERN TR AL E A(12]
MERXE, BB _ENEEIREZANRHKLSE.

2.4.1 Chow&Kaneko Ji3%

Chow&Kaneko " BB EM--HAB_ELEE, ERANSHTHNE
i <X v e REE, UERKAEEHEETR “XR7. ZH
ERBHRMT
(1) HFLEERTR
2) XE—RBTEFERN. WREBLEMEE, WERETEO“E”
fEh e BIBE: WMBRHEEELARENEMG, WENFM IR
BESEHE

3) HREGAETHHER: AFRENSATRE. dAHCHN
BEX AR RAENRBTEE ATESREAT -THRE.

(4) FHESROBENSRIT ZEL, BREEHERIH K BN "H
LR .

Chow&Kaneko HiE""FH TR X ERE G HEHH B FIYE o MirEH
£o:

_1 : = LS Foviz uy
#—NZF(W , O JNZF(:)(: )

K Fi) Rrk B RPREMEY HEEAKNEE, N ZBEREETHFE

EAMBA LA, Ho<=3 N, HBNAMLREBRATREEE. Ho>3H,
MUEREHERERERERAE THFEHERETHRTRAE “ 04" R,



2 —{HiLWE

Rt BEmT:
(1) MR EEMETERETETR M ENRENE.
2) HEGRALOREMHFLERENRE, WHRHEGHNETERT
“Tg” i, EREEMARRGHLEE. FURREHLHE.
Chow&Kancko W FTHE TR A FZNAHBELIE BT : 5

Z[f(i)-}-"(i)]’mﬁﬁd%ﬁﬁﬁﬁﬁm#ﬁm~ o1 My Pis o2v )R

—('_ —(;_
Pl zﬁ, pz L2, 202

REZE, ®e f(i)‘ . Chow&kaneko HiE{FH

hill-climbing # i3k [ f(t)—F(i)] KR ME, EHEHN=ANBERBWT:
EST(Estimate of the Minimum Function Value)=1.0,EPS(Expected Absolute

Error)=0.1, LIMIT(Maximum Number of Iterations)=30. 1 (i) HiBHANHhILIEMR &

F(i=-2)+2F(i-1D)+3F(D)+2F([i+1D)+ F(i+2) ¢
9

H7E F@#THEAR. BREERFIKKEO...1-1), EFRENE -

WMTHERE: HHRAF@=

HE LEBE-A B A, %D AFEAKEEY Y, THREAFEF@)
SYRPIERSY N, FI N, : |

=

M=YFO , m=3 FO ,
i=0

i=v+]

2 -1

Y F(i)i Y F@i

' = =0 = =l
H —_Nl r M= N,
= _EF(:)(:-M) . o= —:;F @)i-a1,)’
P = Nion P= __A_r.zg.z_z.
14 —(i-,u ' -l ‘("—.“ }
;e_zofll- Ze 20':
i=v

e ATEBEUR, TURB-EARESYH, XEZHNRFARHL
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pz—yl>4,0.l<-al<l.00,a‘|z<0.8. MASEHFEHRTE “NEg”, K

g2

‘min f{f)
oryp = ——2akdl . MBANEESEAT “WE”, BLIRE TLUE
min[ £ (x,), f(,)]

8T EE KA RRRE:

2 2
(L-L)eva -t} 2Bty
o 02 o: O

o O P2
BREANRERREERTRIEE. HRBREEMES T AT
Txy)=Tx+L )+ nx,y+1)+nx,y-1)%{mﬁl,y+l)+1(x+Ly—1)+rtx—1,y+l)+nx—l,y-1)}

HPT(x-1,y-0)hT(x,y) FIERNE LR REEHIBME, KehmE 7
B, REERT(x,y) FIERR. X ASAR, ZLF I RAEHE.

Ti-1-0) | Ty | Ta+Ly-1)

T(z-1,y) Ty | Tx+l,y)

Ta-1yH) | Tyt | T(x+ly+)

7 Chow&Kaneko M REB

EEBM ST REGHERBEUE, §-IIREGNFT -1 HE.
RE BXEIEEERORERRAEN, #1TFH. FRITHERNE 8
B,

1 1 1
2 A
1 2 1
T, 2
2 2

8 Chowé&Kaneko W% ¥ #1845
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B J5 1 A XU 14 96 fE (bilinear interpolation)5e B XS 14~ F #7367 80 18 A
E. BREFR AP SENMTREE ABCD(HRREHAAT,, T,, T, T,)

8, mAE 9 Fiw.

M9 Chow&Kaneko ¥:ZEMTEE

P ARIBAE:, ALl TR

VRPN S
' (a+b)c+d)
REMH X ERES BB RETTH.

Chow&Kaneko #.H"™, #EAHREMDHR _ELEE, ¥F _falkEEN
WA TFRE T H42. BE)G Nakagawa""f Chow&Kaneko Bkt T 7 —2b3
#, EETHHARER “=4” NHOREEERNE, HEIFRTELSEHR
& i I Chow&Kaneko HEM A HAREAME—FEN FHER. s, X
WA [38] b1 Chow&Kaneko S %t {RHHAT RN R H R A X LA K
RINAE: FEEXNAHRAENHELRAREETHBNETER, HEE
RAMARHIEE. BESHEER. ATRARMBTRASNATFEL, 2
REMFHREGRDRDTD, KEFFHEHESARLEDE.

(bdT, + bcTy + daT, +caT}y)

2.4.2 Bemsen Wi

Bemnsen HETRRU p ERDLPX DA rxr B0 Z, BFORBHEBL
BHgw B MENE, . *‘Jfﬁ-&*—}&'—'ﬁlui‘fﬁﬂj“‘“’i\mﬁﬂ 4 REpxt
¥ c=g,. -2 c<( IH--BEBEME, ZHh 1B, &R
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— A RAE X REMREE S HIER

HTRREEIMEOZREBTHRERAR: Sc2!W, BET RHXRE p

AERTHREEEE. MEKPHFAAGE ST LRE, WmxHkE
B0 k. SCER[131H - FIBRER 15, WE T HERHR.

TSR RN BB EL S, ¥ TF Chow&Kaneko ™, AH
BHEANEA, HEELEEREXMASIH. Bemsen HELBMR
Chow&Kaneko HZ I E BB T BERMNLGTEE, mMEERTRHEBMEMT T
FERRELHERE .

2.4.3 Niblack W%

Niblack L BBRLL p AP LR P A r<r MEDZ, HEODAKK
RANKEFHE I m . GREHRS, BATLUELm+ks k H—FERE
) R EBH—ARERTHE p SER TR RSERWHRA. MR [13]

WHEWrREN 15, kFEEH—O0.2.

ZEERNEET HEMGTFHE, FHEEERANT RETHENTE
B, Z3CRk[13109BR A, Niblack HEWB T AEKFES. XMk (14][40] 4
XM EE#AT T .

2.4.4 Yanowitz&Brukstein J;E

Yanowitz&Brukstein & {4 B LR Y “RWEMBE” (7 threshold
surface” ) HZ, HEH_ELBEEHRBIXRMT —ITHNERS H. R
X EZE AT
(1) XFEEATFE. FRRR, HEEDLSLHREHBHE N
B T9E.

2) EFREHER L, KBKEENBREE, EibEERE.

(3) SHEEEHITAL, BRLERNOFER, NidheEBx %
FEBRAE.

(4) EFRENEZL, RHESTBERKNEMNMNMEES, HiXts

fEdEE A, AT RRYEE.



2 {EiLHE

(5) BOMEETEHEMTF:
a. X R {E s # TGN, LR SHREERFAE, XERKKE
HEEHEN 0
bg X ® n X ¥ @A M ®H H X

Rix,9)=p,x+L)+p (x-LY)+p(xy+D)+p (xy-)-4p(xy) H
P p, () RFEn KIGREN, K (xy) EBEANKES.
. BIMBEHARTTAR: pou=p )+ LRE0 3T ki

# & Southwell™ ¥ § BAK AN (1,2). Yanowitz # 8 WEN

1. ERFEENSEEAAR: RXGHEETRAGIOZEAER DT
BN EEREnE.
(6) HEELRE, FHMBEEKY “HEMHE ™ AT _HL.
(7) M_ERERET R
a XHEWNERVEREESHED DEREEH#TRS. REF
MREVHRIAURBEA, KL G NAEEE (@) B%
B8 BEHE, MBZFHEDTEEREN—ME, BLAKE
ENMPHRBELHER(BEANEHS 0.
b. #ak. BRRERG. BXFAEHNIRYE#HITEEa bt
.,
HEEMBARARAAURAGRESNREEXEYTAEHE, XK
REBIHGENERSREBRERNE LRIRET —eH 8. ZEERX
BATETFNRBE SHHE. Yanowitz& Brukstein #3533 52 (1) (2) 3)
FLRAEERERTFERANHER, BELRENSMXLEFECHSEE. mA,
B0 Q) QMEERLTRHEEGPHENLR, BELRAEBTLIEM
Humid&emy rREA38]Pa T . ZHEMNTR(DEI—FELE
SEfUEHE —AUNEEESER, XMBIEATREARTESRK L
HEBRHER, _EAERTHENE. TiK(69]) (70]H THHE “H
B ” K7k, FEt Yanowitz&Brukstein 8 5 F 5450 Bt T otk .
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2.5 EIATXXEGBZEHEZ

St KBHRE, BATRARE N EE “EHAERARET AR E,
BE, AILEHER, /A MK - ECEERETARTUNNAR
RAEGR —ELLR. B, AT _EATENRFERT EmRE
R E, fim: AU AELECAEEPIINE.

2.5.1 Integrated Function J{%

White 1 Rohrer ZEC#R[64] P B IR TH WX A EME —ELMTHE
% —— “Integrated Function” ¥i%. [64]3Eil: REFH AT REM
T “HEE” XMEFKRSE S SIMEORE, 515 Bemsen HE'™; (EZ%
FRLEFREERERALABGHS (Fi: XRER): WRSHRMAXHT
FIRTHERRAFZEDEZ BT .

H3 X ABBIIXMESR, X641 EKA. XEEE. XEEEZD
SHBRE. MR, =AMEIRKHRTERREEE. AEEEIRTT.

(1) EH“EHHET"RENLEREELENBRAENET” 4G, ))

EXMT:
d (i, )=ui-1,j}-u(i+1,j) , d, @, ))=uli, j—1)-u(, j+1)
a(i, j)=|d G, )} +|d, G, j)J . AGN= Y Y a+nj+m)

m—-1,0,1 m=-1,01

K ul, j) ZREHR G, ) BB RABKEE
Q& X —AEMTF Laplacian X F R ¥ F 4, T :
do G, ) =u(i+2, j)+u(i-2, ) +u(i,j+2)+u(i, j-2)-4u(i,j) R 8§

AG, Y Fd G, HTTLLE X s¢, ) T
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0 M AGH<T

s, )= § + %M AGJ)>=T }#A d,(,7)<0

N~ % 4G j)>=T #B 4 (G )>=0
(3) Wit s, )ik, BERPHIRERIPINLEBECH “+” B8P

SPPBEBERTH “~7, RENBREAEERCIY 0. BABTES
AR T AR ZMRRIC 0 BLE “+”.

(4) AT S RELELSHE® L, 4/ “Elementary Correlation”
AR AN MR TEEABHEES, KE#EFECY “0” R
HEECH “ +7, HKERBUTHEFA: -, —, +, -, [5G, )=0

HE+] o+, = B, BEAMRE A ERSRRER
+. —. OMHNES, FEHITEBTRR+. 0 HEFAHFIAE.
1B KB O] AR AY 2B i 8 Rt — 2 o IS R
ZEEFARFHNIEEGLAEMREN _ENEE, SEBERESF
HIIATZEAOTE, ARTRAMAETMHER. XEIT1]3 “Integrated
Function” SLREHBR AT T MR, FFigtiIeE, #mNEL#TT —&
it

2.5.2 Integral Ratio 3% -

XERI65]1 MR AR AR _HLRHE T~ EE. KHERE—15
ArENBRERELREE. HENFE—PEFA Quadratic Integral Ration
FARRBEBR 10PFIA GHC S, AiTHE N B R=2%: il & (Foreground) .
& (Background) FIiR & (Fuzzy) 843 .



R RE AR ARSI

Peak
A c
“*
\ hY

\\-—/ \\.

I i L |
0 < PFIe F a3 >

foreground | fuzzy background x

M 10 Integral Ratio MR EM

BERAMKEENRET fuzzy 53, BARBRERERARAEZE TR
BRER. ¥TFEEMENT A. C BHZANEESA, TENAHECHER
RREXAR. aRBTNBISRBETEN C AFHNAKEE, BRTLL
BRELEOWRA, AR, FEAEBRTHROPAELERE TR XA
—MRTFHRRESBIEE: DRESEBEREN A RPN KEE B
REHPOBEREHULEERE, BR, SBRBIWRA, ZE2-HFR
Mo EIERg. B TEKTE, RESTIRE+ METIAC]. MUFARE t
SIMR65]IRIBE R, R THRLUT IR HRIERE:

tn%$ﬁmﬁ%%#sw,aﬁﬁﬂmﬁ%ci%i

<n%$HEMﬁ%ﬁsw,ﬁﬁﬁﬂmﬁﬁcJ%§
(3) HEHHBEHEN, BESTRENC

(4) AFHaRMRYENEFRBREKE, BRESTIBES C—-C—l_oi

Xk [66) % —EHABRARKFARE —ERRAE . HeXH65]32H
T, (X FEKH _EN, TERAKGERGBXF. HAREERT P
K&, Kk, XmesI BBt R T BEITR, MBESFIFEHE.
B, KHFHUMNEFANESERTRENHERER (EHHERNEN “R
" ), AMEREERSD, RERLXFNER, wLBAIAFHREGRRE
PEE “XE” 151E. '
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2.5.3 Modified Niblack %

Sauvola 26 [40] IR H T H M &, BEBRHAHKFZESE, NE>RIEH
AEAM_EHEERE, Hd, M TXEESRH_ME, Sauvola #iH#§ Niblack
RIS Tk, TSR T XA SN b4 ®. Sauvola Rt EHN
BT

mﬁj=m{nh§44,ﬁ*xﬁ—+@5§mﬁm,ﬁﬁﬁumﬁ&

EEKEANRESE, tR—4E¥. IF Samvola MRS, g BER
128, A% 0.5. BTN SHORMREE B ABBAE.

2.6 BAMERIEHM_EHEROAE

BFEGAE, KIPCORKEATL GBERMAT I, FmCH(13]
PREHMERFRER. BR, BTFEIUREHERTEURAEEN
AHEEE, AMNddmEash. e ZELEZNLEZR, _#UET —
¥ e, fimseak (121§ 30k [66] AR T RFIA T A LEETFT.
AVHNABHARFHEROFMEUHEET -HEBRLOBREAN: FRSS
HEAFBYHAR BN, —BHEANE SRR T ZEDT
¥ARE. BR, ALPRUSHEIR (AR PHREOHERLAEFIRK
MERR, B, WiFdEa e el R E BARHEN LT ZEILR R R,
AL, AIAHEFEREERNR T E PRI E RN S UARNE
AE, KeEFnmRAH.

2.6.1 Uniformity Measure i¥{ft 3%

Uniformity Measure 8 722 6 SCRR (661 i1, MR(12) BBH LB T34
~HSROER . X



A AL B X SR B AL B S 1 5Y A

2
woﬂ-#+%

Hol= Y Uxy-uf, R=98EE |, f(xy) BELHE(r,y) L%

{x.r)eR,

> Sy
ERNKEHE, p,=‘i’-’-‘3-‘;—. ABRTHEEZR PERANME. &

i

“fEALRES, FREARE-BRRAFHES, HLUMREN18KF2. CR
—PTRATE— BB

2.6.2 Shape Measure i 3%

Shape Measure ¥4t 77 A B £ 8 0B (12) T B L BHE AR, KN
SROTF:

AEFBEENT RGP E - PMANBEEAMLY) . HPAGYWHT
Ait+H:

: '
A(x,y)=[ 3 Di+J2_D1(D3+Ds)—J5Dz(D3-D4)]2

ﬁEP v D= f(.l""l,y)-f(x"'l,y) y D= f(xsy-l)-f(xvy"'])

Ds= flx+Ly+D)-f(x-Ly-1) , Di=f(x+ly-1)-f(x-Ly+)

B ANKEEATEIAOTHE BABEBEERLEH" +7 .,

BUEHEEER L AEL" —” , RERPHFESOBEESTE. f
Y. Sen(S (3,20~ f Nz ) AT Y)SER(f(x,y)~1)

i, ﬂ-ﬁS-t"'” e , JP, fN(x,y)

AL (x, y) AP OFIBEN FIRKEFE, (RREDHHNE CR—H

FR—MSH, Xx>=08, Sgn(x)=1, T Sgn(x)=-1.
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2.7 EXENIH

FEZEE 4 BN _EUEESRTTNE. BEAQT LAS AN
ZEAEE, FAEEAAHRRMAT B oM HEFNRFR. AEEN
A_HELFENREAN, BNMET _ELSEROEETFH .

AR (10] [12] [13] [14) 55 XXM P T LLE BN B 7 — HH R ESIT RS
R, BTXREARE. URTEALENEE. BRNAR, FHERBA
RHF. 2R EHEENER_EHELAFEENNKSE, 2R_ELE
ERAEEROF A, BREEEREARIIEGH _EHTR: BB _HE
e E s b E AR, HRESRIFNEREGOLEINWRAER. TR
KEKE, EEMAAHTERN (CEEEHTR, BRDPEEFEXEIY
FERERK), NAMAKERIOAFR. S6WANEKRURAENLRE
RREEAEN _HELEE.



ZEA R KRR s B R A

3. BE_fHk

3.1 |a)EE#HiR

EXREIMLRZNAS, IR EMRFRFAMOMR. fE4HIRIEP
TFROLESR, RINSEFTEAINEEMENRR. RIBEARHN
XRAMCLEREE(E 3), RETH “BE_EL” Zh&BEREIR
ft— P EAEM. BRI ECNRBAEHER, KPSHEN
EMMFERKBT FITESR (11 fim) #RM. FITELSMe M RME
BN EHANRTAERTREENER. BARNBALAE_ELLERP
FARRMNN Bz —FTEZ, RUTRRNRHEX,

0§€0408233004 2705#00 £D00 433000004 «

| DRSS e i e Rl i - S

B11 XRPERENTFITESE

EZEASERD, BRMAFE——FTELN IRV RIE, 172
Al MRENYE (BE. DENF) NABMNERYE, Fich 0. &
“EAGEP, mRGTEHAREKIERRITRDE, BLFERMPNERA
HERERE. AFRYAAESREBRUN, FTEARMIUBESRK



3 BN _EL

HEREHR: WRFLENDEEFECHERDE, BAEENMBHREH
WEEHERIERELTARCH 0, B4, FITEAMRMSER TRESRINE
2 EEEMF Bir. Bit, FLEIFR—WHEE TESIE-KIFEE
BAER T RESDEE EFR_ECEARNTRVDEFEFTREHERFYD
#HEERNSHRLMNERFYHAGE. RN, BTEE_ALEEE
EEERMFNRRNTHLE. FEXEIBIMIRIOEDP, RETRITHEN,
ERELEENLEZRE TSR _EhEE, BREB _HEHLEEFEN
AEEETL2EELEE. ZEFE, ENNABR_ELFTEHEN
AR ER_ELEE.

3.2 EFE_ENHRITOMENY

¥ (AR, EXR13)P, EERB T LT LA RN
TER.

(1) HEHRBRB RO K/

(2) RBREIFFERXEEYE

(3) BMMEZ. HFSRXE

(4) SEZHKTIDE

(5) B—KHAHRAEER

TRATHA MR &AERIZE B F HEEFEEAPAER. BX, RIOFKA
FPTEXRMEZZETERELRN, ZEZATBIFNTHIKEZAATIR
RGeS REF, A TS L RE APk, ERGNENSRTESHH®
FiCAER, ZE50)PHTFHEVRTE.

321 BESEMEN

BEX, ERFEET, AANARAEINHAE LA —FEHR, ¥#
R FBERNEAR MEHSFALREXFBANESR (ME 12 57),
HTFEXERBEEMNEZ Y RBRER, Fit, BIGELEEKE



Z{HAR R X T RAR RS A

ERPEX—FBBEEL, FHEEESZ, HTLEHRMFHR.

YL 01 10T s ':-"4. 14
LS Ea i ol il et Bl [ 03 (o
B9 U7 ‘93 (80 B9 110 108 105 103 101 o0 00 B3 93 6T .68 o2 BF BT @1 &8 43

b7 ;08 .08 08 .08 80 T THE TR ¥4 T2 ITETI OEBDT7S 020D AD T2 TA-TH AT

H12 S&EPREELBMANEL

RATE X:
I=ML+DL a4t 2

KPP, MLRFR—%R2BEBELF, FEREANKEEMTIHME: DLER
—&BBREELDP, FERESMKEENGFTEE. EF4EEREED, R
AR ENEEEHRTLERS., —KIXEBED, SHEN--AFTE
ShELAPETREALOR, BREAK 2, BITTUY—AFTERPHIE—%
S —FEEEHL,

“HERERP, AELN—FELFAFRHSFERFEELIEHRA,
W EXRTRAUENAEELPH—FBBEREL, AEHEZFEEN
HSXEAREAR 2 ke BHEEZE.

3.22 MAEAEESZFH _ELHR

EHEREEHELE, BATTLIEX

PL FA
R P, x100%

R PLARRERGESNEE, POA_ELERPFIHINRHHE.
Bomak 3l BEPE_BLERPHRBERE—TEEF, RH
BAZR, BRPERY, —ECHRERET. RN ZEXRRNTFHE
o LU R B S B0 S AR R it 25 A
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3.3 ETHAESABEENELEX

331 ERZEiIHR

RATAE RSB KERIM N L RBUBEPEFET 2000 K XFHTTWF
gttt
(1) it At 1(ETE “0E” HREH)
EHCRk (16) R AR M AT ik, *f 2000 X FEHT T RN, RMK
EmWE 1 for.

£1 V" ERENER

. * 1:31'.‘J . LA
AH " AER|FEAK T HE
iEmany Py Py

2000 1 1999

MEH A 1 R (R D) XF, KEXZEBROET BB
HAFE X" Bk, B, BRIMEHHEN. RHET “0&” &
WA L H RS LA,

(2) &t 2 (AR X 3H)
5E X mh(i) H sh(i) -

ane

2000
‘F [a() - mh()]
sh(i) =y AR5

20001

Heb p () TR B n RERMKEER i BT SHKE.
BEAR 4 AKX 5 WL WHE 13 Fir-rE S A:



“EERREX RN R R T eI

H13 #HE\ELRX4RIHESE

Hi14 HELRSBIMESHE

MHE 13, BELKBLATHTEESEHAREE. B£, NE 14, 7T
BEY, ZEAEPEEE=£94 (BLFEER 14 ). Bl
XEPPTHANBE SHREERBEP (ATHE), RITER,
FITEEMBHABSBESHNKEART R =R, PBERSHK
BHERTHE XK. BidHKdoth, KRTBRBEE 2000 KXEPH—
M. BEEARATEESE, RETETHE /I ARAEEHEN "
BLH .

3.3.2 ETEFEARABEEM_BLNE

Wid L BT, IO RIS & e E A H 7 RIS S0 15 B,
HEXBEECHCTE 15 P.



3 ER it

M15 EEXZENEEASHE
RMNATHERENBIRENNE, BEXELIDT:

rbs(i) = x| [AG + /) - k(D)) 2R 8
T =arg ommax  rbs(i) 2K 7

=0,,...255-ms

R, I" RERNFRFENBERE, h() REKERI FAEHREHAE,
ms =[256/3] R BRI MEREFHNKBERFIBAF K.

3.4 X HERK

341 ERFHMIR

FRAETIB s K FIRFM X R EGIIEE, RINERPEET 2000 *K
(200dpi ,256gray-level) A M EEEFFEFER, #ITT —RNMNE R ELR
MO E N, HERBLENACEHARX 2 #iE. EARMH_ELER
L, #TEERBHFBORRE, Mk 2R,

EL)



ZHtEREEXRANRL R HRE

®2 HEAMERE

ABAE | owizn | mseez | ncapsm | ween ﬁﬁﬁf
) 638 | S84 | 703 | 643 | 43
1 923 | 832 | em 859 | sas
2 326 | 507 | 283 | as6 | ses
3 106 70 85 82 0
>ud 9 7 a8 10 0

Hop “ BRI R, EECER LBTARTRAAES SARLERRANEN
Rl BAVERST T UT— 2R, REAKWBEME 3 Hix.
%3 ASBRNRSTEREER

L B3 ). 3
W

AVR 1A751% | 2.2542% | 1.3415% | L.7720% | 2.5920%

WK NEE | Ouel20] MSE[62) HCA[45) ME[61)

AVT 146 118 154 137 111

ATB 0.0776{s) | 0.0746(s) | 0.0756(s) | 0.8320{s) | 0.0866(s)

ATL 21.2098(s) | 15.4320(s) | 23.2027(s} | 17.5550(s) | 12.6138(s)
ALG 0.9620 1.0425 32735 0.9835 0.8630

Heb, AVR 2243 3400 R ENTHE, AVT ZSEFESRANTO0, ATB & HILHHE
WANTHE, ATL RESRBFEH AN THE, ALG & HAREE Y
RBE 2 K 3 HRBOMALERRE, FUFRBOBABEETE,
FEESRMRETEFH_EHRER. dX 2 T, ERABEETZHIR
SR EAEM ERATEARN, FANRKEER; BE 3 T8, ERAH
R EA RO AR b T HER N, A ERD; Fif, hk3
A[A, AVR ERESENAFN _EUEENLELER.
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