:e3eR6NT Y -5 MAY 2603 | MAGE PROCESSI NG DEVI CE AND PROCESSI NG METHOD FI ELD
OF THE | NVENTI ON THeS present invention rel at I@"mmm e processin

devi ce and an Iummﬂlﬂwmcessi ng nethod, and WMH Y= 3‘ gﬂﬂaed
by its thi nnl used in inmage resol uti egg@nversion. GROUND
OF THE | NVENTI O\I Reeent|ly, digital-imagi ng/ di gital -video equi pnent, such as
a digital 10 still-video canera and DVD, and especially nufti-nedia rel ated
equi prent armong IMAGE PROCELIINGDEYITE AND PROTESSING METHODE |1 el d
of display devices, dotnmatrix displays, such as liquid crystal displays and
pl asma di spl ays, are becom ng w despread. Then, when a nunber of pixels of
image data different froma number of pixels of a device for displaying it,
i mge processing for adjusti of the image data to
t hose of the display device, %L%r@mﬁgwgmﬁbgﬂ of the imge data,
is required. In order to display pictures in a system in which conventi onal
di spl ay device having,its own nunber of, pixels di s pi cture, signal ,after
P e e oma. b Thesreiig FUERaen GFlaBies G an ik drrbe b dsnict ha 3h
Application Publicatigon No. 20 HO5-27643 .6, a technique of detect.ing

corr el abi oriMAEEVBEICCRSIRG| wethad, cande dsvipartignlarl Xemar@@eaéed HiyhAed tlunmngnwn
val ue reducing processing, or the |like, has been used. Conventional

t hi nni ng- ouneansatseddodmage resoégwpcmspng are described below with
reference to the block diagrans shown in FIGS. 5 and d. In FIGS, delay
circuit 51 delays input signal and feeds the del ayed - 5 MAY 2003 2 5 10
pi xels into image discrimnating circuit 52 Image discrimnating circuit 52

detects a correlati on oBACKEROUND! R THH ANVIENTTION pi xel s, and
determ nes pixels with a smaller difference therebetween as pixels to be

thinned out. It also determnes if the pixels are a part of characters or a

part of a natural lrrm@em\r%eaxgﬁﬁaﬁlxﬂbgﬁigdlgﬁupvﬁie@Oéqlﬁbﬁimvns@éh s SARdifital
difference in gray |evel, they are determned as a part of a natural I mage

and feqy ”téhlif W@l@@rcah%rgra?ﬁel?m ;hxlfdnéééﬂé'cial%uﬂh%dlﬁ'?elﬁtéﬁ% iBAeAt among

correlation o | ar ge ay level, they are determned as a

RO IR Ao el HUOSHEEISE, | MBS SORIESE ey il ar
[eor gani z 'eggggl,gggbgqygpgg%g@pﬂg"ﬁgmpaq BPThy$ 8nd BIRFEA LPIAIS ke bbdbrfling
widespread. Then, when a number of pixels of image data differs from a number
of pixels of a device for displaying it, image processing for adjusting the number of
16 pixels of the image data to those of the display device, i.e. resolution conversion of

the image data, is required.

In order to display pictures in a system in which conventional display
device having its own number of pixels display picture signal after thinning out
some pixels, the method disclosed in Japanese Patent Application Publication No.

20 HO05-276436, a technique of detecting correlation between pixels and determining
pixels to be thinned out, mean value reducing processing, or the like, has been used.
Conventional thinning-out techniques in image processing are described below with

reference to the block diagrams shown in FIGS. 5 and 6.

In FIG.5, delay circuit 51 delays input signal and feeds the delayed



FIG 6 is a block diagramof a system using nean value reducing is 20
processing. Delay circuit 61 del ays input signal and feeds tgggapnagqﬂxg
pi xel s into operation circuit 62. Operation circuit 62 avera e “pi-Xel
to be thinned out and the pixel adjacent thereto, extracts the pixel at a
timng of a thinning-out pulse, and feedsythe signal obtained after the

t hi nni ng-out processing into image reorganizing circuit 63. |nmage
reorgani zi pixels r o tinfaper eidopimninaciagt biecwit c521r elm%eaﬂxsoﬁhﬂnm‘:g afitomit tSe
t hi nni ng-out processing as an i mage and supplies the data to di spl ay

device at Yetddl BAFHRIAESH VFUiMRréReChEVelh *Rljadeht &&%e%m@yaxﬂfw«e@mlﬁése
signal supplied fromimage reorganizing circuit 63 are sent to

respecti ve el § 4 @&J | Rl dleen et 58 BRuIS o tRfindd &nf A g

show a cas ere a ased an ano un

i nformation xel s) c udi of 8 and 8,col ums
nput - Thegte ié% G f@reoapﬁﬁeoaﬁﬁi@rﬁmrﬂrmgmp?am?@ LR &’h%
and 6 X_6 p xe tained a ter t syst shown in F has rfored
the thi fni & ﬁ%%%g SPFglat gjnafl differranics 1 g2y, 1%Lsthey ot geﬁeﬁmned
colums b, c and - 5 MAY 2003 , and those in lines b, ¢c and f

are a pi xelastaopass of i mﬂmtaldmagsmdafe§| ity linegraisgerpolationceircuit é%pe&(h%ﬂgz
and pixels B and F are produced fromthe pixels to be thinned out and the
pi xel s adj gixels aheae:mrelbgmmef aﬂage\thfamnucedmgra}gleprcbcthsjs aregdetemniniedsas a
drawi ng, display "H' can be read as "H' after the processing. Al though the
mean 5 val part eficharagers anbfesd into hdaptda thithing-dutchrenit S4nf dfasignal thinnedas
produced gradation in the part on which it has been perforned. It is

because t heyut &Usdth processans tircuibnare ROvEREzéd By iinfage réorgahivihy ciredit 33 a8
the pixel to be thinned out and the pixel adjacent thereto, i.e. those in

col uMmggb, an 1ﬂiﬂéefandgsen@{@rés e8dve ?ndelsniﬁsa &sglﬁyadlﬂqée artd dﬁﬁﬁa@d\fhéiﬂ the sum

into equal halvées to produce” converted plxel 10 FIGS. 8A"and 8B show 4 x
4 pixels before the Ny Iﬁﬁ#f
obt ai ned after the s&??en1u5|ng cEe nBan value regﬁakugfg?%%ﬁggyﬁg S gw#i n

FIG 6 has I

in FIG 8A ﬂzﬁéé%@?t RAeP kY] g@‘#ﬁﬁ%ﬁ%ﬁ%@ d, Felts P dePGqiiLR IR
thereto, i.e. S | u c

respect i velQPer it %%6 ngd @Peﬁg gﬁ'ﬁ\%%’l «f?gg%etﬂﬁﬁ)%&\fg%%?ﬁgmd
processi ng anno re t he ori black line a rogduces, a

i St 1 nct 6 BRal AdAcenr ieretax ExEactl Ehs i 2% & At abe ChaPDEP: poge
its ori this processing technique, the reorganized line is pnore
bl ur r eddt hi‘ﬁe%%he signa]| ebtainedafiershe Jhinningroup ProoessineJate; INAgE FRATSIAIZHIZ
the present invention described afterwards. 20 Wth this proceSS|ng nmet hod,
lines and tciseuit €howlmage seergpnizing)sirenitl 63, reargpnizes the picturenpignal obtained
quite blurred. Next, a case where a conventional thinning-out technique is
used for a ai&mhalthimugg—qus precessingds amirragssand /supplics Bhe tdata to rag display
processing is perfornmed on input picture signal of a natural imge by the
syst em usi rdgvidecatne dimidg carrespondihg-tongach poeet i rthe shisplay ideviceG Fhe sigal
9A and 9B show input picture - 5 MAY 2003 4 signal of a natural inage, or
the |ike, wupplied mﬂnllﬁmgberéOfgmﬁingtdmcuttlﬁmawsemrtoqhe sedpectivepixeloin thie of
i nput signal a, b, c, d, g, i j, and k arranged in order, and a

si gnal ZY)aVQﬁﬂ:ﬂHS'UBﬁice%ﬂSdl%l% @aﬂ@‘drgnal a, B, d, e, f, G i, |, and k and
i s obtained after the systen1u5|ng the mean val ue reduci ng processi ng shown

in FIG 65 has redugsd fiavgndiiseltio bldise Wherd HtladiHA MR fnddd fasedBn

The nunerical values are given as a gui Sl gna evel's

hi nned outia RO ﬁZﬁlf“@mééﬂz@éﬂéﬁ ﬁ%@ﬁ%ﬁ@%‘. g PERSER & Folingt B
E“r E,Ee?s?hlgﬁ%ﬁ f“?m%&&” §>‘? v ﬁpﬂwﬁsﬁbeifs?eﬁ%ptbﬁmlﬁm%Eéc%ﬁéﬁﬂtcﬁ% |
novever i {7A% 230 St Rbkels DRinGC afer et Shobnam TG ot eriamed G
obtained after ,the processin Subsequently, when the nean val ue reducin
proces€Png th B‘%'pﬁfﬁweéﬁnﬁ%ﬁl(id t B the § i §pixgls thosena colynpsb, pand f|

adj acent thereto, thinned out pixel G is produced with a signal |evel of 50
according to (60 + 40) / 2.

p




15 Thi s thinning-out processing is performed on the peak of the stepped

i nput signal and the peak of this input signal has been lost. That is, the
out put waveform- after the processing has no edge, thus givind EMH\(JQO%

i npression. Therefore, the final imge becones indistinct. This phenonenon
is nore pronounced as the thinningout rat'Po is larger. In the above
description, the thinning-out processing in the 20 horizontal direction is
descri bed 9% 4R BYEH ﬁne@Bgc'a'ﬁdtﬂ',‘% aerd PB{%H t§ bk 8Rinnea cﬁitl%%dteﬁgmggﬁgja%ﬁpm

signal can De obtained after the processing wth conpletely

operati on, t : ur, L i i j t b . |
atorent ERES robPEivelf ol rikels B ahd 1" eTioRAR! froff i HERRD B thidifed
conventional .t hi,nni ng- qut .processi shgwn in Fl 5..L.mage discrim L ng
cirouit 52 oy aRe PRty adRicBaCRRratd o Midpdn el monciEipCestiig, A8 his
part of chayacters. by mstake, - AY 2003 s straight and curyed |ines
Dot 1 i ni g dlraBbii isRiay "l begead AL T HICF {9k BOEHIBEa AUHOUGH Be ghean
image than its original is displayed. Wen the thinning-qut processing is
per for mbd dralug redueiag cprpsesséag drascpausedt ne slack | afeinformetians i hge produced
personal conputer, the sane seen in a natural inmage holds true. In

addi ti on, fgradatiamitytie paricon whicleit has beerppetfbrmed.halt isHeecauise the reduicing

t hi nni ng out characters, and the like, is conplicated, and noreover, a

| ar ge anourprooéssiipehad raduced the image bydsitiply tadding op-theipixelaodrsthigndoatise
t hi nni ng out nethod nust be changed according to discrimnation result of a

natural i mage] the pixelraddcenttherétoaild] thos@in EdlantiRb,MUndof) @, afié #ibsédhUtes b,
reduci ng processing shown 1o in FIG 6 has a problem of generating a

blurred i i gvla'h ; K 1 Uadeks Qe i nuous
l i nes, sucr:rf\(g glsdg ar ag?i é?i?ggﬁ%lsg@a%ﬁ? gg@suwm&é@%%&%éfl NVEI\FQFI%%Q’ESL'S An

i mage ocessi ng devi 0, f ) Ouentd on i .
del ay ﬁgans for del a;l/::i %go fg‘éc p?ggﬁ %BT %cxk&clﬁx "fignggf;d}éé#‘é; ~c1"%3?‘%3@5é&§ﬁfg
plurality i %&hs.. ar kN hord zont.al directi.on. an vertical .

Gi reot on, EAPERIE L2 oBral¥d ABRRe THERCHIER (B iy ¢ Flucing
hori zontal direction by ev 20 pixel ;and to del a i xel s

vertical - GiRtREEIE o 38 16 fasBeftorifed Blgnik ot SHbckesiip FFIEH85 1 oo
instructin i xels,.to be ihned out _according to.a reduction ratio ip the
hor | zont al tPrase | BN F100dib @non8Ba the DR 18 e HABEH Qi Atk fhenpixels
coefficient determ ning neans for, detecti n%t correl ation between the 25

pi xel to beadjagentclrerte, i€stthgse db Boluseay by endne ngpd thosednr lines dhandegns
and a pi xel adjacent to the pixel to be thinned out, in the pixels del ayed
by sai dbdelrggpectively, ared compasedeofii bllack and owhiteci ebhe amean dvalyet reducing
correl ation; and operation neans for producing corrected pixel data using a
pr edet er mi rprdcegsargcanmotfrepresent, theasriginah bhwkdineehmd produces tdneindistimict goayhe
thinned 30 out, data relating to the pixel adjacent to the pixel to be

t hi nned outlinegrthus heakimetlic réozganided émage edoneyblamed thaefifsi original. deWithnihis ng
means. An i mage processi ng nethod of another aspect of the present

i nvention procéssidp/tetBfifue, GRiorgasizéd finé ti¢Rforefblurred than that in FIG. 4A and

et &)

4B obtained by the processing method of the present invention described afterwards.

20  With this processing method, lines and texts shown on a screen generally supplied
by a computer are quite blurred.

Next, a case where a conventional thinning-out technique is used for a

natural image is described. In FIGS. 9A and 9B, thinning-out processing is

performed on input picture signal of a natural image by the system using the mean

25  value reducing processing shown in FIG. 6. FIGS. 9A and 9B show input picture



del ayi ng each pi xel bl ock of image data including a plurality of pixels
arranged in a horizontal direction and a vertical direction sq as | ay
the pixels in the horizontal direction by every one pi xel anﬂ'5ﬁdAv>2$ana in
the vertical direction by s every one line; generating a thinning-out pulse
according to a predeterm ned reduction ratio in one of the horizontal
direction and the vertical direction; detécting correlation between the
pi xel to beg;thiin BN t . Rglal t erand.:a. ni X
eSlé‘rﬁHel %f%eﬂ‘#%ﬁlb?ﬁ?ﬁﬁ B¢ gu%d;?ét ‘(i)JH [gk%ﬁ% pefdrect ﬂuﬁnfri:flgx&ht

adj acent to I'nne etermning a coefficie
according t .conrel ati.on; ~and pr. Cl cofrect ed,pi.xel data using a
predet er m rpg‘aagsgg’rgdhagﬁ%b%)lggﬂfé?&gaégxgﬁo%n@tc’l aestft’ tghetB dobs qr}cﬁ(eq{{gn eﬂem
pi xel to be thinned qut, and ihe pixel adjagent to.th [ .to be thipped
Pt ! 15 an Qi AN Acugadl iy soun BatkonsTad f SRBEkrBadrbd Chi » MBG k axbiy
invention conprises: delay neans to delay each pixel block of inmage data
i ncl udi ng Pbtained iafter thersystom using the maean yaue regicing pragessing showsrindil@. £
vertical direction, said delay neans del aying pixels in the horizontal
directi 6n hasereduged fiveipidls dFIG2 D Alelintpi faprppixelss (FIG.t 8B)v eThecatmerical
direction by every one |ine; thinning-out pulse generating neans for
gener ati ng vdhesaregiven apal puide af sigmil devels: alnr BIGS ! 9 Arando9B pwhen ahe nart he
horizontal direction and the vertical direction; coefficient determ ning
neans for dgilee rediiking piédeabin@nisbedrfeeied od Spikek B tot Be RRinnbd vl carfUpixel ¢
instructed by the thinning-out pul se generating neans and a pi xel adjacent
pi xel to b i t thi - [ : } } :
%ﬁéeﬂ(fﬂp fitbreid thlﬁﬁécf BﬁﬁﬂlExfe[ B”i'sj)rﬁghn?kfeﬂ with aoéﬁal%%lséf" B ?éé%ﬁ'hmtg

bl ocks obt al rom sai d del ay ans, or deter I'ng a coefficien

according t e ec4 ed [ QR [ S r ' on
the pi xel's PAI0CHARDTAG" THX Enfid20u PRI-ARRE 3 pRProiRR ol 4 pARRRT0L fi
to the goefficiani. it N1 d i roduced .usj a d r m ned
oper at i1 n f%#@f?a{nipﬁl%gé@u %éﬁ%&%ﬁn@ﬁ%ﬁg ﬁ‘ngﬁﬁ %-gﬁ’ut %&oﬁﬁé@ﬁgﬁﬁ%
performed by. pi.xel block,in the.horizontal .direction and t vertjcal

G rection gt hesn IS hilguet il 8 gt BAGH 3 6 Bt Sabod e profictIn e butput
processi ng devi.ce determ nes a pixel B produced by ihe pixel to, be thipned
out and t heignal@btaingd alist theprocessing o WBTCEMI I Wheh the Mmsan galue (edbeings)
direction, in a 4-pjxels block consisting of pixels a, b, ¢ and d arranged
in order i rPropessing ispsstosmedon § pixel gdp beithinned o and< pigebh adigcant thereto, +
2a) 5 x (Sb +Sc) / 2 - Sax a- Sd x athat is rewitten froman operation
f or nul a usithinnedeout pixdli@ isproduceddvithhe signphd¢val ©f S0 adcording tpi(@81H 40) 52x
(Sb + Sc) + a x (Sb - Sa) + a (Sc - Sd), and reduces the 4-pixels bl ocks

i nto 31pi xeThislthinning-eat pravessingtis p@rformed @l theapedk ofithe dteppedrigpat signal
order in the horizontal and vertical directions. 1o Wth this invention,
correl at i orandethegaktdfethisi inplit signabhagbevietbsnut Thais) tie Mvﬁat wateforanafter
thereto are detected to produce coefficient according to the correlation,

al | owi ng cahegpdbessing! hessnd edgé,thus ighriag ol Slvfred iffpréstdoi X Therdfere) ehe final
cal cul ated using a predeterm ned operation formula with | ess cal culation

quantity i "in{dg% BricBfi¢s lih@itiAkt. t NPhis '}iH&ﬂSHreﬂHh i@iﬁﬁf&brhﬁ@ﬁﬁcé&r asnﬁkuthﬁ{ning-
i mage. Therefore, a sharp

out ratio is larger. In the above description, the thinning-out processing in the

20 horizontal direction is described as an example, and in the vertical direction also,
similar output signal can be obtained after the processing with completely the same
operation, except that the direction in which pixels are thinned out is different.

However, when a natural image is thinned out using the conventional
thinning-out processing shown in FIG. 5, image discriminating circuit 52 may make

25 a mistake. If it determines a natural image as a part of characters by mistake,



15 image close to its original can be displayed with a sinple and snal |
circuitry. In the inmage processing device of the present coefficient a
output fromthe coefficient determ ning neans may be determ neg m/ ${h
detection of the difference between two signals or gray |evelSdJdo A efmael
to be thinned out and the 20 pixel adjacent thereto. When the difference in
signal or gray |level between two pixels is |arger than a val ue

predeterm ned as a discrimnation reference val ue, predeterm ned
coefficient a is output. Wien the difference in signal or gray level is
smal | er than e al ue,
o oot £ Gi ont g&r?@hg b&’%uWeﬁqgwte?_ﬁ%'ﬁlmﬁ'&/&? o‘o]cé%t QPeSSLﬂpQQ Qé‘tn‘r%}llérel ries! gh%gl%se o
its 25 origi madrei mnalwabnmmuhwn itsf origindli m@ldsptayed bi Nhen |trrmgbmmng -auhe

i mage processi I f i : put
fromthe coe ? %s%ﬁg 'sglg?r%egr"rnngﬁl%ﬁp‘{n ﬁ@#’e do%yp%g&& g@tcégreacﬁe?? "Eé ?%)ﬁghﬁgltaggé ion
of the diff emarpersenaleomputen, tbegaaie deendh @ rtaturghmagledw&sstrmﬁ tnhadditionel to
30 be thinne h t

bet ween t\?vo grlwé)%r'\/%ﬁfg%iall gysgélﬁ%las%dérgﬁlg SthE{'tﬂFec r8wtr2ﬂﬁ Stﬂ F@ng OLL%GaGFE&Srs
plurality of amdl thesliker esj@bmphcaiedi ay digeoven; aalarwnameﬂetr eﬁopenaabmsaareso

vai ues and sugBeagor fREing. i BRbestiE Baoiss TR Rt FRME f' B badd
close to its ascordingdd disarimination result of @ natufal image mraﬁ&rs natural i mage.

Mor eover, in the inmage i gwél L;

t hi nni ng- out pul se genélﬁ)ag&ﬁéﬁr@gﬁ's ng}fj@nsagppﬁta I n%?%‘“%@ﬁ%ﬁ%‘@@éﬁﬁg’\‘/. ng a
5 width db ore RIGx& has a)pepblenmeaftgerlemtmgpa:rtwrrem imagenén athichegredation is
intervals ac I.ng : r. t zontal or
verti cal d r S0 qtsR it &pf ndifl tERRULE S Wt deHebiberd ahdBrdicer P
synchroni zi ng signal and pixel clock signal that are input signal. Since

t he devi ce perforns thinning- i R ting thinning-out

pul ses and instructing pixel S%M@féﬂﬁiléﬁﬁm US;BI’I“S a sinple structure to
in the production of a thinned-out image, it can provide a sharp inmage
close to its original. S Wﬂ;é ans
for del aylljng an i mage b}p&%%y&én%%g{ax% I'n O?sfp%gﬂ?”h{eﬁr ectﬁ@ﬁeﬂgﬂge
vertical del ®pmpdsess for t 5 del aying the |mage by every one line in a
vertical direction; sai I ”ﬁ i se
hori zont al thinning-out o‘%la&:}’ggﬂgsg%gragltaylﬂg e3th %%F %lr%lggﬂle 28 :ugjﬁﬁpé out
pul ses accormlufglltwfaplxe&jwamgm maamnzwtalh@remwm @odtaalvel@cal tection,

vertical thi EE% @ &QHSE&IHQQQP&BQWM &ﬁor%ﬂéiau édggn tbg S grQut
pulses accor n IOI’l ratro 0 vertica Irectron; said
coef fici et cp@(egam i d@emmis imthe vedieplrdireetionpy eveny ane insef f i ci ent

determ ni ng neans for Q@Eﬁ‘ﬁg oQ%%uétEh%#é?@ fBreHQf?@&m%rb%(eliﬁ %e fHhr2g out

t hi nned- out instructed ori zont t hi nni ng-o generat i ng
means and t hécperding tad r@dé@ttontra@q Etfbefhodmfﬁah:ﬂ"@ﬁﬁm and éfre@ml@@g%twe the xel s
obt ai ned usi Rg ?ﬁléﬂre%ﬁorho” zontal delay neans, and for determning a

hori zont al coe%t icient according to the detected correlation and verti cal
coefficient determ ni ngopigigst deferraisingcneans tobdetacting sarelation: betwera the xel

to be thijgnedsau, t?é‘fﬁﬁdéﬁ%"u@'m@ﬁfu&é‘d By ¥§Btthuﬁﬁh?-fotli |'ﬂ§!rM|oH§‘FneBH§ 2Rd A at i ng

means and the pixe acent thereto froma urality of successive pixels

obt ai ned usi WJ@&PHW@FH’@MO e thigneskeQitsin taﬁ@'mﬁrdﬂ@@é‘rw $Aid glelayIneanss t i cal
coefficient ataesdidisntifing BeodftBAT £Loftd 18/tRE E&Helatihdand

operation means for producing corrected pixel data using a

predetermined operation formula, based on data relating to the pixel to be thinned

30 out, data relating to the pixel adjacent to the pixel to be thinned out, and the
coefficient determined by said coefficient determining means.

An image processing method of another aspect of the present invention



sai d operation neans may conprise horizontal operation neans for operating
on the pixel to be thinned out and the pixel adjacent thereto accordl ng to
the horizontal coefficient and vertical operation neans for o.p wgﬁﬂ
the pixel to - 5 MAY 2003 9 be thinned out and the pixel adj acen heret o
according to the vertical coefficient; wherein inmage data is produced using
a predeterm ned operation fornula in said horizontal operation neans and in
the vertical operation neans and thinni ng-out processing is performed by

pi xel in the horizontal direction to reduce 5 the inmage and in the vertical
direction to e. Since the correlation between the pixel to
be thi nned ouéﬁgH%&tthggtﬁpgg adj acent thereto are detected, and P

t hi nni ng- out pr ocessi ngelayingeaatch pixetiblask nglmagefdatazlmhldmgea:pluraﬂtyr@f pixels he

correl ation | ginad: I e DI m t he
P xel s t o be (AT HhorkBnl Epioh SHF e eleal Bieohi b 35 16 uBlaf HeFfkes P
processi ng déhe berizonlshbirection byieyptyagnenpixel andathe pixelsgo tiee werticaldirectionaey gi nal
can be pr9w gggrx ngrhhger si nce the thinning-out processing of the present
i nvention” 15 Pe performed with corrected signal |levels even in binary

and natural inmges, a geaentingragethiriningeouto pillse ecdogdingl tocn rredgieronvinetkd.

BRI EF DESCRI P I . 1S - i of an i nmage
processing de%/alu%’%tlggnggﬁnﬁt{lr?ﬁgégr?pﬁngirteé g%%%ioﬁg%tmbf t he present
i nvention; FIG 2A and 2BtectihgisarraelationHreiwedrethe pixgbtogrettbinwed oyt idstuiated byn

Scic’édﬁf‘ig el BBl iaha G BRIt pE B | P " age
processi g device in adetﬁfmiilingea wefﬁclemace&rdtmpltaﬂ}e eametationeand of t he
present invention thin é Eor?’ed?éd(gll)ﬁel 48 i gféfﬁle?ml e'dGﬁ férafisif! 4B

il lustrate howthelmaeproesn vice I n accord eexerrplary
enbodi ment offortriwda, hasedan at Iaaehhemeffhlent, theipixgl to be BinnsHost, andrithe pek 3

pi xel s; %det%Q% &Qel'%@etl'ﬁnﬁe% &bl ock diagram of an inmage processing

devi ce u3|ng

15 An image processing device of again another aspect of the present
invention comprises:
delay means to delay each pixel block of image data including a
plurality of pixels arranged in a horizontal direction and a vertical direction, said
delay means delaying pixels in the horizontal direction by every one pixel and
20 delaying pixels in the vertical direction by every one line;
thinning-out pulse generating means for generating thinning-out
pulses according to a reduction ratio in one of the horizontal direction and the
vertical direction;
coefficient determining means for detecting correlation between a
25  pixel to be thinned out instructed by the thinning-out pulse generating means and a
pixel adjacent pixel to be thinned out, selected from a plurality of successive pixel
blocks obtained from said delay means, and for determining a coefficient according
to the detected correlation; and
operation means for operating on the pixels to be thinned out and the
30 pixels adjacent thereto according to the coefficient;
wherein image data is produced using a predetermined operation
formula in said operation means, and thinning-out processing is performed by pixel
block in the horizontal direction and the vertical direction to reduce the image.



conventional thinning-out technique; FIG 6 is a block diagramof an inmage
processi ng devi ce using conventional nean val ue reducing processing; 5 FIG

7A and 7B illustrate how the inmage processing device using th nal
mean val ue reducing processing thins out 8 x 8 pixels into 6 SMH{;ZPQQ

FIG 8A and 8B illustrate how the i nmage processing device using the
conventional nean val ue reducing processing thins out 4 X 4 pixels into 3 X
3 10 pixels; FIG 9A and 9B illustrate hgw the i nage processing device
usi ng the conventional nean val ue reducing processing thins out 5 pixels

into 4 pixels when si 93’3&3&@&?@ ég ?%lﬁgSE'éWée delerminke” Bﬁ(ﬁﬂcﬁ?’

illustrate how the i m accor ance vm
exenpl ary emnipestiuced by tHe pikle} tpbe thémried cmtend thenpikédi iadiacentt thérefn ined Isorizontal 4

pi xel s when sji | havin o] B ildusfrate
how t he i nagg'rg&%@qu:q \ﬁ \c/jﬁge bhm %43’?{?}2&&* Eér%stt'hé%f E&glsl ary e%?@o%ll ment
of t Ee pr eselatrrah@edaintdrdér ih khentsorizohtaBand wertical dinéctioRs pisirey an idmaulas (ich 2a) gnal
as c aracters p 0 FI 12A,and 12B il lustrate how the |nage

P ocossi g dsEbe" AV EE £ s oSk h HiEtes GREHED 071 R BBerHEN [oTgHla Sihe
present i nverﬁﬁé Sobrfidiert 2 &wtthé s@;héﬁé%l loNBACh pike! X85 (sanos¢)ngatxr(sbdes ci ed
correlation, when such signal as characters are input; FIG 13A and 13B

i 11ustrate howScheSHhage redusesdhe frpixgis hleeksi lﬁtoz'iiplé@'cfli@@i@n%cmmﬂﬁlsﬁ'h@ of
exenpl ary en%% JEH aRf dtd?leanﬁ&?ﬁe&ﬁel‘ @YI‘?é"ﬁdr&Bn m%ﬁ?v&ﬂé directions. QASA‘Y 2003 n

pi xel s into I X€l's "usin ree coefricirents en suc SI gha
characters haV|ng gradatlon are input;

10 With this invention, correlation between the pixel to be thinned out
and the pixel adjacent thereto are detected to produce coefficient according to the
correlation, allowing corrected values for the signal levels of the pixels to be
calculated using a predetermined operation formula with less calculation quantity in
the production of the thinned-out binary image or natural image. Therefore, a sharp

15 image close to its original can be displayed with a simple and small circuitry.

In the image processing device of the present coefficient o output
from the coefficient determining means may be determined by the detection of the
difference between two signals or gray levels of the pixel to be thinned out and the

20 pixel adjacent thereto. When the difference in signal or gray level between two
pixels is larger than a value predetermined as a discrimination reference value,
predetermined coefficient a is output. When the difference in signal or gray level is
smaller than the value predetermined as the discrimination reference value,
coefficient o is output as 0. The device can provide a sharp image close to its

25  original in the production of a thinned-out binary image.

In the image processing device of the present invention the
coefficient a. output from the coefficient determining means may be determined by
the detection of the difference between two signal levels or gray levels of the pixel to

30  be thinned out and the pixel adjacent thereto, and the difference between two signal
levels or gray levels of two pixels is ranked by a plurality of values predetermined as
discrimination reference values so that a predetermined coefficient o can be

selected from a plurality of values and supplied. The device can provide a sharp



FIG 14A and 14B illustrate how the inage processing device in accordance
with the exenplary enbodi nent of the present invention thins out 3 5 pixels

into 2 pixels using two coefficients, when such signal as chaméwszml ng
gradation are input; and FIG 15A and 15B illustrate how the i

processi ng device in accordance with the exenplary enbodi nent of the
present invention thins out 3 pixels into 2 pixels using different two
coefficients, when such signal as charactgers 10 having gradation are input.
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS FI G 1 shows a bl ock di agram of an

i mage processl ' [ r A t.he: 3 ' i.on. The
devi ce has tﬁtg agrlgg/éc%ﬁ?i%ﬁﬁ%f ?‘gﬁg\a gb?iulf@ncgr I E‘a{egglﬁﬁe%%@;'n i nni ng- out
and horizontal direction thinning-out; only the delay tine of the delay

circuits is different i i Q0. J iaS f
nuneral 5 11, 12 and 13MRrE0EE, B HEinell prbchabin chioe IR psdrf iERREF
conposed of &he thinnirig-oyt puise géreratingemedas may supplyt thinmingeoutl putsebyhawingray one

Dol when the . g : , . q
bne- 11 ne- shen 38 fnk BRAMSto find b hEBaBRLA ke o i fnAlk o Birdiie Y
del ayed si gn& ahaarbitraryneeducticinr ation .in theaberiztatal oBdertical dipedtion raf dheldhage

[ it 11, L: | LG f i nt |
Cro L 13 SeRbORH niclBl AP UeaShaofbhs gholdnd Bl oMbty
13 and del ayae #ipghsignaai Sincautheudeviaeoperfbainathioningwut pro@essiug: by igenenating

det i ni [.L G ' ; i St : : = Y 3 12
et ot ror® St o s PARRR] phE B 1irREl B61 g o smile MohO® 12
Sb del aydgd byn thel prpdudticowif ta thihnedwut intags, itSandebvdea sharplégnage cosetd tts 11,
det ects corr%hg-%g.ihpn bet ween a pixel to be thinned out and a pixel adjacent

thereto, determnés coefficient a according to a correlation of difference
in signal level or 5 gray level, and supplies themto operation circuit 3.

Qperation circuit 3 is . j W&f like.
Qperation circuit 3 r eggllg\rlgeégﬂgrgg sl@l g%@ﬁ\gﬁ%eu%gr?iloé&%?lgﬁ] Coe. ff§r2| eI%T\Pﬁg

det er m ni ng @hricage by, every grenpixekingn horizeatab [dire¢tioni ansyeerticel delayirgearssfoSc, Sb
and Sa syppl i r i its: 11 : respectively, and

t hi nni ngH?)ut d%u Q‘gg@&%ﬁ%&%ﬁ%ﬁ%ﬂﬁ#}%p@ﬁ ?)TJI se generating circuit
5, and out puts corr ect edidsihinmirig-outrpuisehgenaxatings meape madyi cemprisechprizostal

perfornms sig e I ol e I : and
pi xel s adj acer&ﬂbmbﬁ\érﬁ!e?"g,gé gﬁ%{%@%p’ﬁl&%@d&o ﬂge'ﬁ%?tr'{% tﬁg‘l" g‘gﬁj ‘E?’S%gésggﬁ’%s'ﬁg%% to
i mage r eor gamdiretugiioniratinuintthethorizentsd direation ani vertigalthinoingtout pulse geograting t

t hat i nterpol (1= i r §i ki he ected
si gnal suppl i"@éa??‘ r@Fn%%B%rra\gﬁ?c}ﬁmé?‘?%ﬁ t‘?J ugﬁe@aﬁc&% Fuﬁrﬁa;?goﬁog%dedghém%ﬁf'a? gé Sout
is sent 128 avartispldingctiyi ce and di spl ayed there. Horizontal and verti cal

synchr oni zing si gnal andicpi otekicidreC e FhBarlsPihy t BofiBHEY!! AétizHtal PU! S
generating circuit 5. I'na thinning-out op€ration in the horizonta
direction, teoefficiagt deterpiningemgans fen Hetgcting ceairelatprobetween thal pixel taake ng a
rzg d\lljmc?;[ gnm; a?t?\ﬁn%ﬂﬁ&?“gﬁuciéww 3hid' Yri2bM@l fhirdfigRodt! RUke QeratitigPhbAadY ¥nd
the pixel adjacent thereto from a plurality of successive pixels obtained using said
25  horizontal delay means, and for determining a horizontal coefficient according to the
detected correlation and vertical coefficient determining means for detecting
correlation between the pixel to be thinned-out instructed by said vertical thinning-
out pulse generating means and the pixel adjacent thereto from a plurality of
successive pixels obtained using said vertical delay means, and for determining a
30 vertical coefficient according to the detected correlation; and
said operation means may comprise horizontal operation means for
operating on the pixel to be thinned out and the pixel adjacent thereto according to

the horizontal coefficient and vertical operation means for operating on the pixel to



hori zontal direction of the inmage responsive to the horizontal

synchroni zing signal as a reference. For exanple, when an inage is reduced
to 4/5 using thinning-out processing in the horizontal direct §nMAre2003

t hi nni ng-out pul se generating circuit outputs successive pul ses eac
supplied every five pixels. In a thinning-out 25 operation in the vertical
direction, thinning-out pulse generating circuit 5 outputs - 5 MAY 2003
13 pul ses having a width of one line at rgegular intervals according to an
arbitrary reduction ratio in the vertical direction of the inage with
reference to i.cal r.opl Zi I xanpl e,
when an | oAy ELbuER 3 BRE S RrrREordy & M IaHRR oRlenfs
vertical direction, thevhereimninage alata jriprsiubed)eningas ipnedetérmingd operation s
successive p Gk i fi i ne L j uced,
operation ci f%rﬁﬁ?a g‘%&r@r ﬁ%{aglgaﬁr\éﬁéﬁlg\?gﬁ?ghé Eh e@te iv\cé\ﬂﬁ:%@bﬁgﬁa;p@?éﬁsa%ﬁfevel
corr ef:t : on }‘cﬁninmjhgx-o& processiing Baperforist by ;lﬁxgl in e hot&)n}al?:lirept&ml to I:Q.du?:hi s
signal |eyel ,co t : ng of pixels a, b, c,
and d arr Angd ie8E s He el atecdoRidBaledfBinabe Y G Do Tons T n f nput
signal 10 to be thinned out into 3 X 3 pixels consisting of pixels a, B,
and c¢ arranged in orderg; fo \ [ .t i e I ion
formula in this exanpl es,m athg éqr?e%ﬁg tgé,t\ﬂgecﬁ ﬂwecpﬁgfj{oggg tl’é‘hﬁé@ogg%é Eﬁ% hi s
exanpl e, a cabel atjacent theretoaarpidetdcteidy abe thitmingredt protessingi is parfpimes using acent

to the pixel 0. i np 0 e, c | | ok S

descri bed. 1§ge®§?$§cé%ﬁ%f%ﬁﬁ ﬁ%ﬁ%at 0|mr E?u?éﬁ%?glg%g@lnéﬂsea%% (gotrh %Z‘f”z‘ﬁl? on as
di fferenae i predugadfromcthe pixels tdibeftieineett eutianddhepixele\adjackrttthereto, ianpmage
signals Sb a : t ] i.CJ rr.elaf i
Operation ci :bg?ﬁ ESQS%}/?%%@Q%%??g%ﬁ%&i\godnﬁi%gﬁqw%é?gﬁgggo g‘ﬁgﬁﬁlhgiéﬁ?(eel S a,
b, ¢ and d, usovided he above signal |evel correction fornula B = (1 + 2a) x
(b+c)/ 2- aXa-dXa. Inthis manner; pixel 20 B is produced so that
its signal level is corrected using the pixel to be thinned out and the

pi xel adj acent t her et o.FuRber, esirngplhe, thinhing-aut eproiefsbing eofctbe i presprhnveatien  of

correl atign [ t i Lxel j reto,
s subst i ANy SmRIE wip BrBEsl UgRAERyAL BT ih BhET ark AR Fboel ¥ O
formul a S i s sharpimagexcimsedsidslotigind can pb provided. 2, resulting in sinply
perform ng the nmean val ue 25 reduci ng processing. Wien a pixel to be

t hi nned out and the pixel adjacent thereto - 5 MAY 2003 14 have the
correl ati on of substanti al BRIEFRESCRIRTIONQE JHEDRAWINGSvel , i mage
degradati on al nost cannot occur even if their nmean value is output. Wen a
pi xel to be thinned out and a pixel adjacent thereto have the correlation
of unequa® difference ifGgrdy aeblerk diagrami of can imager Rrasesing i deviger i
detects the dj el ; ' : coefficients a
accordi ng to(%ckéﬁéﬁ%\glrtﬁeﬁgg).(&f‘ﬂgg]ﬁ %déﬂ%ﬂmhﬁ?g%t%nﬁrﬁperfor med with a
certain all owance as fdiiGidfe andt @Bt illustraie hows e fneagen pEogessigg agevies,dn  of
correl ation. ﬁbgﬁan%ﬁ#frﬁ%.mﬁrgle%wﬂrﬁ ohﬂ'n\é( \ﬁrggerﬁ}fﬁl%ﬁﬂﬂnst*ﬁm%dt B¥8G 1
performs thinning-out processing on an | nmage having I nput picture signal
consi sting 1@ixefs iatofhk Bepiisisikgr ound and bl ack characters like texts

di spl ayed,.on a personal r I nré Ph&Ji

si gnal o%sonl y two col oﬁ@@%ﬁ S’PQ@E&gﬁg \6\?}‘??2‘5 &aﬁ&?&%ﬁbg%@ﬁé@ n

t hi nni ng- out 3scorsienes with thei exemplarg embodient of therpresent évestioretinsrout ex 4

fol |l ow ng many i t ] i xel to be thinned out and the pixel adjacent
thereto are W%‘g@g%%%r, i.e. having no or a small difference in gray
15 | evel therebetween, FIGI4A jandutiBt dluglsatef hewethe Anagshdiiogessingi device dnbe

t hi nned out j ' i i Iy £.
having a | ar Sée&g%fdg ﬁ %ér)g?rﬁ@kehe?%leg?pzfﬁleeve:a?ﬁ%t? &g%r%%ﬁt%nﬂ%he%ﬁsguéﬁtx g
Her e t he 3ol drixels igimd xBAlixels;i s assumed to be 0 for a back pixel and 1 for a
white pixel. FIGS. 2A and 2B show an exanpl e where the system shown in FIG
1 20 perforns thinning-out processing on a bl ack-and-white i mage based on
an amount of unit information (pixel) and consisting of patterns of 8 lines
and 8 colums. Specifically, 8 X 8 pixels before processing are thinned out
by the systemshown in FIG 1 into 6 X 6 pixels. In this draw ng, display
"H' can be read as "H' after the processing and it has caused no | ack of

i nformation. Such processing can be 25 achieved by setting colums b and f
in 8 x 8 pixels as colums to be thinned out,



- 5 MAY 2003 ~s colums ¢ and g as the pixels adjacent thereto, lines b and
f as lines to be thinned out, and lines ¢ and g as the pixels adjacge
thereto, and perform ng signal |level correction on them The-pgxhﬁﬁv?éﬂga

t hi nned out and those in lines and col ums adjacent thereto are substituted
into signal level correction formula S to performb5 signal |evel correction
on the produced pixels. Coefficients a usdd in signal |evel correction are
determ ned in coeffigkant e ni it CU . d Ls -

correl ati on between F Lg r% )?('sgltasB{Hgﬂbgﬁlgﬁ%rhn&é'%taga&%g?dﬁk(ﬁ%s%@ e{lés\ﬁg%ju&]:%ta
thereto. In the case ﬁhomn in g}ﬁﬁh 2A and 2B, since the pixels to be

t hi nned outCORNENYGRA! SHADINS-OHt teCAMUE or et 0 are conposed of bl ack and white
and have a large difference in 10 gray |level, conputation has been )
performed with coeffFéPerft 18 adhlogk dagranpned anhimag arecessing: denioenssingut
and the pixels adjacent thereto have no difference in gray |evel,

coef fi ci entcopventional mieanhvalue neduning predessingeduci ng processing is sinply
performed. Suppose that a pixel, for exanple, inline b and colum ¢, is
referred to 15 as pi ¥&G. A amd FBGluskateahow2Be ifitaigerprogessinig devigenfsingdd on
the pixels in colums b, ¢, f and, g, and those in lines b, c, f, and g in
FIG 2A  Figoaventiondlnmeasrvalaesedudigg provessinge thins Riuted s« i8npxelsinte 6. 6,

c, and d are input in order into delay circuits 11, 12, and 13 of the
system showiyé; FI G 1, and del ayed there. That is, Sa = aa, Sb = ab, Sc =
ac, and Sd '= ad. When pixels 20 ac and ab appear in the input and output of

defay circult 12, T eRfeckavahy grRilh AR AewoNk {AESroPcREIPREVES Jig R

t hi nni ng-out pul se generating circurt an nis p or e

time, the djff i r | .of correlati,on.b pLxeks. ab,
and & hen coeryRTGRA éd"Rled Fificinl iOLESIRY LRl SHE L ARG i I 2.
The determ ned coefficient a is used in operation circuit 3. Since pixel 25
ab is ac Py *pixel ac is white in FIG 2A, the difference in gray |evel
of - 5 MAY 2~3 16 relati bet ween pi xels .ac and ab is xj mum and
thus coef ficient a i $1GeDA 8nd 9B lliystrate how e igtaes Regessing devics usingfhe,
bl ack pixel and 1 fqor a white one as described above, a= 0.5, Sa =1, Sb =
0, Sc = 1, conyestional meap¥alueirgdueingprocessing thing eyt § Dixelsdntm4 pixels avhen
correction formula S and provides S=( 1+2X0. § X(0+1)/ 2 51X
0.5 -1 x 0.dignalhaving gradgton avg impuit;zi ng circuit 4, a value 0 obtained from
the conputation, i.e, black, is interpolated in the position where pixels
ab and ac have been FRGonEXA cand 188X tillustrate i lrosw cthe Sanage pro@ssingcdedce=incc,
and Sd = cd. Since pixels cb and cc are both black, the gray |evels of
correl ai oracebrdanse!with tharnskeatplasy emibaldirhentaofl thd peesenefihiverition thins Dus &t
to O in coefficient determning circuit 2. Since the color signal value is
0 for a bl gsikeRiin® 4 pixelslwhen sinall hheing gradaticipare ihpufb =0, Sc = 0 and Sd =

0. Operation circuit” 3 perfornms conputations using signal |evel correction

fornula S and provi dg3G( A ahd< 19B Hldsirate Gow the- intage Procdisingl devide it

S
is the sane result as obtained by the nean val ue reducing processing. In 15

TR0 E SRR VIB U Senplin) ISR O RIS SO Bt o
hi nned Q0 Col i , f d. Next,
e 2 LW e AR g P

| i nes are SCri nline a and

sequenty~al |y, pixelsdp C ms +11C nd din line b are fed i,n order
CrioCaathy 2o B eu 16, SRA TR 2B infierdfhly e 1fee bFessfily 'aRvilEof
del ayed by every one |jne there respecgtiyely. colum h, Sa.= gh, Sb =
b, - Go = Lfcoartings withiffie e plnie PEbORAG ob U PSSOt by erdian Bk oY 3

out put of delay circuit 12, respectively, a thinning-out pu]se_ is generated
by the thi ritixel§-ibia 2 pineleignonmetherdstested gorrelationopbensueh signabas charaelers At
this time, the difference in gray level of correlation 26 between pixels bb
and cb, andarehmputcoefficient a are determned. The detern ned - 5 MAY
2003 mcoefficient a is used in operation circuit 3. Since pixels bb and cb
in FIG 2A are both WI&GCKl3Ahendyrl3B lilustiate oiow otheeimage rprotessingeldsvich and
cb is equal, and thus coefficient ais set to 0. As for the col or signal

val ues 25ab gecOrddate-with the exetapland efitbodifientof ahélipresen® iivéaticithifip@uet3 on
circuit 3 perforns conputations using 5 signal |evel correction fornula S
and provides (1 +2 X0) X(0+0)/ 2-0X0-0x0=20. Inimge
reorgani zing circuit 4, a value O obtained fromthe conputation, i.e.

bl ack, is interpolated in the position where pixels bb and cb have been

t hi nned out.




Next, in colum c, Sa = ac, Sb = bc, Sc = cc, and Sd = dc. Since 10 pi xel
be is white and pixel cc is black, the difference in gray |evel of

correl ati on between pixels be and cc is maxi mum and thus coef f-i-g (MAYaZOBS
set to 0.5. As for the color signal values, Sa =1, Sb =l, Sc =0 and Sd =
1 according to FIG 2A. Qperation circuit, 3 perforns conputations using
signal level correction formula S and prol\}i des S=(1+2x0,%) x (1 +0)
/| 2 - 1 X . - . . = . i L7l .l I 0
obt ai ned  EERE AR BRI piine et RBEITMEN AT AL Biehal B Lhathoichs VALME 0
wher e pixel s .and cc_have been thinned out. On lines f and g, the sane
oper ati ons %P&ﬁﬁg’r?r&lﬂﬁ'dé As nmentioned above, the pixels of inage data are
t hi nned out and inte | ated so, that .the nunber of the pixels of the .
converted image and Hﬂé ?]&Aalar#ﬁlur]rggrl #stiate V&éﬁg image pregessing, dewige (i
are the 20 sane, and the converted data is displayed on the djsplay device.
FIGS. 3A aragcerlasrewith the qzienmlarybethdlmmtnﬂF e presept deeaniongthigheus 3x 3
pi xel s obtai ned after thinning-out processing using the system shown in
FIG 1.5l n pikéls iaty 2gpipelsatsing teol coeffibicats) whereswch signel as chatasters having o
be thinned out, and a pixel in colum c and line c is set to those adjacent
to the pi x@-adaﬁmbaeaﬁpnt;ianded out, and then signal |evel correction is
performed on them Those to be - a MAY 2003 18 thinned out in colum b

and those adjacent teGetI5A NariP!19W) ilusttat€ howl. thaCim¥ke ph6cessing @évicebin

and dc, are all black, and thus coefficient a used for the signal |evel

correction (g 193 I i } 1 Ughi iing
dcgofiante With 3! dxeniglady g@iﬁgdgﬁeﬁpbmm g&éﬁgﬁﬁgﬁﬁinoﬂ&ﬁ%%ﬁ? N9

pr ocessi ng. eration formla x 0) X (

0=0, 5a . i Lo ' Pl '

i nt er pol at x%gqﬁéef l?%? r‘lltgi %isﬁ}l‘?%ﬁoﬁ%gFgéf:f;l)%.ie%gqygerrp?ﬁ%hsgelglhﬁpﬁsﬁﬁ%sﬁ%fegsnd
c, pixegls ha, .ca . and ¢ re all white, and pixels bb, bc, cb, and cc
are alibblggpwnégﬁﬁﬁﬂﬂgiggg fﬁtient a used for the signal |evel correction
is 0. This results in sinply perform ng the nmean val ue reduci ng processi ng.
As descri bed above, in the exanple shown in FIGS. 3A and 10 3B, even when 4
X 4 pixels before thinning-out processing are fed intq the ci L si ng
the conventi onaPER&GRIB Ne iﬁ@ErB&EE%&EMM#&Di@N%é samne
result is obtained. FIGS. 4A and 4B show 4 x 4 pi xel s before thinning-out
processing, and 3 x 3 pixels obtained affer thinning-out processing using

t he system shown in IFEE'FI Ioshows| g black diagramxel an: gnage (nrpeeRstg devicg 1n
colum b and those adjacent thereto in colum c are nade of white and

bl ack, respassordasice witlnthe presenbivientipent Theudsvice has thesamqeenfiguredon for
correction is determned as 0.5. Operation formula Sis (1 +2 X0.5) x (
1 + 0) 16 2 vertixalodiSectibnxthining-aut amdchaerizentall disdctivnxihinning eutnorlythe adetay
Since pixels to be thinned out in line b and pixels adjacent thereto in
line c are tife26f the debaye cirobits .is pdiffekentoin téich sliveetion) oln H16.i hi showh diyed
after the operation. Consequently, 3 x 3 pixels obtained after thinning-out
processi ng fefereficé hiamerald 1T B2 ahd IMﬁteCdbla% ciregits.anBaéls of ke detageirebiteiared
after thinning-out processing as shown in FIG 3B. For the exanple shown in
FIG 4A  Wighinfosed!of b MHpSAGH Ot i) dilgyinpbt Qﬁﬁgé'dwa Byloled dnidl pixkfe
circuit using the conventional nean value Z6 reducing shown™in G 6, a

di fferent rN‘g,Qtylll tﬂéfa{-:é @,\mﬂ&i %gt Y & ih]Bﬁ%Hﬁi Qﬁx‘éc&i n and by ¥ery?0S 1ihe when

obt ai ned. case ere natural 1 nmage 1s I nned “out "'n accordance
ith t r ty i j i AN : i t e
\(,:Mas e V\h@l’ g ﬁ'?lﬁéﬂédsé/‘gt;ﬁlg :’}r‘bé %gﬁt/%&ll ﬁ?éﬁgbg’lﬂkda@npﬁe}? elo ?érrlélggﬁ ﬁ?#ﬁll 'rt% ’E}%élijﬁé)& c‘frchﬁ.
rocessin n input pjcture,5 signal of atural i e, (IThe; sj | l.eve

(I? orrecti og ‘Eaﬁfe&ﬁﬁr%b‘* input F\‘étof‘&q?%ﬂrﬁﬁﬁ nﬁ@fl S T%%Cgelayeq,\ﬁg%gaypw@p{ to
be t hi nned t and,a pjxel adjacent fher e o] ,a Very, I )

di tference Th lsg?afmte%i@y clrehi; -enélﬁéfégrﬁmi\{%‘dp by delg Y:EC%'&ﬁgﬁtssfeé igto
coefficient a. Wien a pixel to be thinned out and a pixel gidlj acent thereto
have a | ar géelay cirenisddeanidde]aysd signal Sa iseutpuefroncdelay cirstirldi ni ng circuit

2 10 outputs 0.5 as coefficient a. In FIGS. 10A and 10B, the vertical axis
shows Coefficient determining circuit 2 is composed of register, selector,

(@)




signal levels, and the horizontal axis shows pixel positions. In FIGS. 10A
and 10B, when a pixel to be thinned out and a pixel adjacent thereto differ
by 10 or nore, for exanple, in the value of signal |evel, the,giUWi n
gray level is determned as |large and coefficient a is set to¥.%. a

pi xel to be thinned out and a pixel 16 agjacent thereto differ by | ess than
10 in the value of signal level, the différence in gray level is determ ned

as snal | apdnipasdtbs, cirkthe like. s«Codfficient - dddriaBnirdAirkal 2 0Bceivew digmut Sb
picture signal of a natural image, and the like, wWith gradation before

pLotare ¢ ! . el . on i
t hi nni ng O‘dblaﬁ/gggﬁfﬁleo Eﬂ%ﬁgﬁ?%ﬂ ﬁﬁgtf‘l %‘cgﬂé‘l('e)lyﬁqd tﬁl}’atd%%:a cir€uit llf,gg%gcts'

j, and k arra der, a sig wave nsists o

B s ComPlatn beovban i, pixdl o od db iR ol 14ild o BiselC BERGRAC $hercl,

signal fro pi.xels t@ 4 pixels. .The nunerical va are given a,qui de

of Sargnal * Retpelines oatfefen? sosechiaingde 4 pmelitioncat difesheeh Hiehalledilang

pi xel c_adjacent thereto differ by 10 i.n the val ue of signal level, the

di f f er ePce F# @W&L apd\sapplies themptthoparatian cirgBlS- and 2b signal | evel

correction coefficient a js set to 0.5. According to signal |evel -5

| ~AY 2003 20 cor r ect Dparationmircuits} isceonaposedeef selaoten, segister,adder, 2and the bikex

(Sb + Sc) / 2 - 0.5 x Sa - 0.5 X Sd is obtained. Substituting the signal

| evel of edperatiom|cincnito3 tieeeives moeffigient iadsuppdied fom defficient) detegmining20)

[/ 2 - 0.5x0- 0.5x 30 =15. As a result, pixel B is produced by

t hi nni ng- owircpitQ; @eipingl sigridl S 6f mhndge\/d}ita,oéiﬁﬂﬂs Sd)iSH, anid Sauspptieti feormane

as obtai ned by thinning-out processing using the nean val ue reducing

processi ng deflyntiréditst P11 P2t afd98 résﬂie&tﬂ/&?’” &hd Ghitikin®lole ?ﬁﬁe@ _gkuPﬁliee rftermed

on a portion Of the stepped |npuf si gnal hat has a small variation in

bri ght Rgss 4h; _l EAY } e I : kfonk h a
;ﬂﬁ ﬂllmﬁlgsbgteg{llgel g&?éraﬁh%%ﬁdwﬁ BeEhd Bﬁfpu(g%%?fé%ged ngn'ali G othér

| evel at caus robl 8min the output signa talned after the

o A Wl
set to 0. 5 AR il ARt pRISIE elfioelt Hiterc, YR sERPUSTH iiRer 08 Figeded

- 0.5x Si is g(;ai ned. Substitutin he signal |evel of each pixel into

t he formul él%"g adgedeorganizing CQYIEE. (60 + 40) / 2 15 - 0.5 X 50 - 0.5
X 20 = 65. As aresult, pixel Gis produced by, thinning-out, processing with
a signal level of 65IMAgE renrganizmg CisqWh s Cirput %trim%o@&s % PaEwheney
is perfornmed on the peak of the stepped input signal, the peak of the,
vavef olfh i Pixels arathioned ous with ghe cerrgeted tignralcsupplied Sfromy epgration cirguist her
words, even in the output waveform after the thinning-out processing, no 20
degr adat i oranddntegpolated imageatag@ Sput isisent tonal display devipeapd displayed thard. s
given. Finally, a very clear image is supplied to the display. In the above
exanpl es, t hi nni ng- oHorinontad sandngriical tsyachxonizing tsignadiand qikelrcloek signal ateed.
For thinning-out processing in the vertical direction, simlar output

si gnal can ifiputotbt thimnig-aut pulsehgeneratirgs siragit i t Intathiswing-ayieperation iretheept
25 that the direction In ich pixels are thinned out is different. In

addi tion, ihorizbfital direction, thinning-out pulse generating circuit 5 outputs pulses having a

20  width of one pixel at regular intervals according to an arbitrary reduction ratio in the
horizontal direction of the image responsive to the horizontal synchronizing signal
as a reference. For example, when an image is reduced to 4/5 using thinning-out
processing in the horizontal direction, the thinning-out pulse generating circuit
outputs successive pulses each supplied every five pixels. In a thinning-out

25 operation in the vertical direction, thinning-out pulse generating circuit 5 outputs



- 5 Nt AY 2003 21 above description, coefficient a used for signal |evel
correction is set to 0.5 when a pixel to be thinned out and a pixel
adj acent thereto have a large difference in signal and gray FgeMAY\ﬂOﬂﬁ
the coefficient ais set to 0.4, the signal |level of pixel G produced by
thinning-out is obtained by G= (1 + 2 Xl .4) X (60 +40) / 2 - 0.4 x 500D
- 0.4 x 20 = 62. Wen the coefficient a i's set to 0.3, the signal |evel of
pi xel G pr 8sm§@dhmmgha RAdE) -oTUénd sin@bétare@qiaxbmté}v-als( according t 3h Arbi@fry*
40) / 2 - 0.3 x 50 -70.3 X 20 = 59. Like these, by selecting an appropriate
val ue accorglifigidirdte if M¢ ShAicaP BirREIYROF thESmBR¥ Shith FeREeddY 1R AtticaNd
e | e

the pixel adjacent thereto, fine adjustnment can e on the converte

i mge. For QRi re .l t_si n i C sed. e

ar avi ngs. wi SRS BB tnaT g ACheRl”, Kor SRR NIBRF B e NIRGLEH B 25
descri bed above. FIGS. 11A 11B.and FI.GS. 12A. 12B show.i nput picture
signal of AFSIREIITIREGHE cArOSPSSIRG 1 th: &esfical diRpeHiRm witieh dbinning-put, pulse
gradati on before, thinning-out processing that consists of signal a, b, c,
d, e, fjB g,generatinggircyit auipyutsauecessivepulseseachsyppliedieyery fivalisedr m t hat
consists of signal a, B, d, E, g, H and j obtained after the system shown
in FIG 1 has perf or When annmage isuredpced,eepsragon circuith® perfogmst sgnaldevel
the signal from3 pixels into 2 pixels. The nunerical values are given as a
gui de of siepredctionywsing al sighalt levelf cdrteégfionifofmuld 8 = (b +Ro)Sk (YA S22 —8x r s
of a pixel to be thinned out and a pixel adjacent thereto are b-c, e-f, and
20 - h-i, and-pBded @ pThitsigaaldevelrcorfection allonstd racpixeRi donsisting. offpixélsd, H.
Bis obtained by (1 + 2 a) x (Sb + Sc) / 2 - ax Sa- a x Sd, Eis obtained
by (1 + 2 & XandQl drraiged irfordef in‘tihoriFontalehd vedichl Ui i'iheiﬁPﬁV sigﬁar* 2
a) X (Sh+Siy/ 2-axsSg-ax§s. InFGS 11Aand 11B, signal |evel

FlG 1 oo b BT iplb 3 23 OhpIS chRAL BTRNR B, Y cBHHEE B Obfler
adj acent t hek §,00 VG0 i the sibhY IVBP b B G RSRARR il s WhahiHE) 30 0 4 51

i nput into ‘coerficien contrary, en a piIxe

and a pixel_adj@acent ereto have.a targe difference in.qr | evel .9 1S
i nput into coef i Cite c{]a.glaﬁldﬁeesl.a' 1#'&@3&%?@%@8%8? Wetgﬁﬁg??e*s ?g%eéqo?’be
t hi nned out_,and ,a pi xel adjacent therefo 5 diffe , 10, or , nor for
examre, -1 ribediuft, & o Tekelahperd b the pixelt kbe Alianed Syt A weaiorrested
determ ned as ijiar e and coefficient ais set to 0.5. Wen the pixel to be
t hi nned outPXekisB,ds describfdacent thereto differ by less than 10 in the
val ue of signal level, the difference in gray level is determned as small
and codfficient a isGasfficienpdetermimiag cirenitah deteets, suchecostelation andifference
FIG 1 perforns thinning 10 out processing so as to ignore the correlation
bet ween pi xisl signal level lor rdiffigrence ngrayi lesiet betiveere imputhsigeals Sihande$c,aand
the coefficients a to 0.5. Wien difference in gray |level between a pixel to
be t hi nned determinds acqeffieientdg afrent theecatelationdet@perationociteniér 3 performs
coefficients a as showmn in FIGS. 11 A and 11B, the three peaks of the
si gnal bef ofperatichsodr eoeﬁﬁwernrmﬁﬁm?)imye, bhe and e ubigigaht abové yignal Rveh! s
15 between each peak and the widths of the peaks are different because the
si gnal has @afdttiofAdesatldB = (1 H2d)ox gb'_t!- /T ewsk a0 dR0 ol hen RRimhadner; Fikel
shown in FIGS. 12A and 12B, when coefficients a are set to a fixed val ue
Wi t houtaerongijdpradii tHal §tsCHi b A 1BVESis' Lising! thBSivee Be Biitiftd bt be
t hi nnedz out alggﬁ'a pdlége 6{{(?] atgggr%%ﬁiﬁhe?gltelg,&)tr%e&zq gha tpejsel?eaof pegL E‘”l)g% he
signal afte Sl } i C I re
fnd 1R AEF RRC0R thererd, Fob Txaftple et UREREASC Y ERSTlevePLE

t he processing. € processed wav ar ge t
shown in FIG B, n_these processed .signal .are, di.spl ay on displ a

dovi ce. "t nectrrelfon SeEete ke bof YRS hih il Su L iREL 8 flafhiikal
parts like E.in Fl 12B, An _i.nage wt L mzed pjcture degradati gn can
e Gt spl ay cRbSQnGANK, FaULAICRSIORRT & Tslh 1oy geaet lsvel Ramechon formga § %
bet ween a pixel 25 to be thinned out and a,pixel, adlj acent thereto and

det er mi ni ngSimpdy expressachby B = (b + c) / 2, resulting in simply performing the mean value

256  reducing processing. When a pixel to be thinned out and the pixel adjacent thereto



- 5 MAY 2003 23 according to the correlation. FIGS. 13A and 14A show i nput
pi cture signal of an inage conposed of characters or drawings with slight
gradati on before thinning-out processing that consists of si.gﬁaMA){ aﬂaa
d, e, f, g, h, i and j arranged in order, and FIGS. 13B and 5"1 show a
si gnal waveformthat consists of signal 4 B d, E, g, Hand j obtained
after the systemshown in FIG 1 has performnmed thinning-out processing on
the image tigveedws ecdridlagbnal dubltandially X elgall wfifferknbe X @l IS:%rézh@em,ﬁﬁfﬂ |
val ues are given as a guide of signal levels. Simlar to . 11A, 11B and
FI G5, 12A, cﬂ%ﬁida?ﬁhra?nﬁist E‘%ﬁiﬁit%cbﬁr Bferd {1 tHER &4t valle ipbﬁghﬁ. a4WR&E Blpixel

e b-c, e-f, an -1, and

thereto ar d 10 pi xels produced afteér thinning out

cach pair Sgenunfipedifuting 4 AI6dy Weled Fid B kokuin 3P vhedyal
15A and: 1aatiteraies i drpg iowd hefficit detctliningefiofin % ftters: o il sy

In the system sho in FIG 1, when a pjixel to be thjnned qut and a
pi xel a@lj adEAY lewel stepwisg andoowputs 9@@@%@?& 0 Aceording de § gwjfgvem@/eﬂp 0
is input into coefficient a. Wien a pixel to be thinned out and a pi xel
adj acent t residitien,the detectiotiis petformed svitle aicsriginagllowange apfar the detgstion; of o
coefficient a. When a pixel to be thinned out and a pixel adjacent thereto
have a | ar ghedifférence iregray lgvelyofl aoredlatian.5 is i nput into coefficient a. In
FI GS. 13A and 13B, when a pixel 20 to be thinned out and a pi xel adjacent
thereto differ by 30FQGSnIﬁR,thfmI(f}EMllﬂsudta Hdve thel sisterh shiowalinl B1G) |1
the difference in gray level is determ ned as |large and coefficient a is
set to 0.5.pdMisthsathRinife-ouf phscesing tcarPithagy hvin@ ingit pictude Sighal Gstis@iting
differ by I0 or nore and less than 30 in the value of signal level, the
differ e 4 I | r (¥ Ve Apk

“1’0‘235 d\ﬁa%ﬁﬁe %h{%ﬁkﬂﬁ%ﬁi%%%ﬁ&&a@ liKe Qé‘ﬁf C%lg%l%g@&%ﬁ a Pbx%oﬁ&lt

to 0. 2. en a pi e out and a pi xe ent theteto

differ by |gsgnidan A9 séféh fron ?I%\fﬁ,z@gat pitrd %iéﬂé‘é‘foﬁ; fvé @3{0& S lpladkne
glf}‘ergln(ég In I%\raydl ezg 1'S 1811e elrm ned>as™ small™"an COEXICI ent ais set to
Fol 1 owi ng AL &St 8 Fupul 3te AHBing RUl-PROC gy REASY FER rldfion; e

out 5 and a pi.xel adjac t heret o _hav o ar a.\v spal | _differepnce.i
oray | evel PEteEedif e Flioitit Pefactt Whén e Bl v Mipned oot Fd REpist)
and a pi xel adjacent theret#o1 have a Iﬁ)rge i fference in rgﬁ.i%evel,,o.S S
i nput i nt o dasent thersto are ohthe same calorghe. haming fR-er QSB'?@! IFHECREE hEYed
out and a pixel adjacent thereto differ_by 10 or_nore, for exanple, in the
val ue df silghel theeshetweemd) i inpait dp cwefficigntg. 10Vhew ghe pixel dodenthirnediqut

| arge and coefficient a is set to 0.5. Wen a pixel to be thinned out and a
pi xel adj acandt thetpixek adjacant shergto hresdiffenent ingoler, i-hehavinge largesdifferenceine| |
the difference in gray level is determ ned as small and coefficient ais
set to 0. |graFlle®l, 05nisanputl GBcoeffigient d. e\iderecthe roober signalsvalue ivassumedita he
follow ng manner. In the systemshown in FIG 1, when a pixel to be thinned
out 1 b andbe( foxxebackipixetand tlifer atwhitepixeho or a very small difference in
gray level, 0 is input into coefficient a. When a pixel to be thinned out

and a pixel adjacent HIGS, 2A0aid2B shovha examplewhetetiesysten shewalin FIG 1 s
input into coefficient a. In FIGS. 14A and 14B, when a pixel to be thinned

out angm@ %ﬁgmﬁ%@?ﬂgh&ig{r@&&sﬁig bf'a BackAnAlwhRE fmab€'ba§é® 6R! dh amBuhb'e

val ue of siyg e ference in gray 20 level T's determ ned as
| arge and c i Cil < t ‘) [15h M d a
pi xel adj ac‘gﬁpﬁgh@?@?})ﬁcﬂf@r%gya}(ggén?'%@fg,IEEFor %?gﬁﬁgfegi%{fge%g ue’ of

o onal evelc el SHERG RO kb s OTHFETODE B B B, A i
pLXel ¥ Depil0RE 3 B2 Al AR b e b BHEEASH Sgen e

| evel as shown in FIGS., 14A, 14B and - 5 MAY 20Q3 25 .
processing and it has caused no lack of information. Such processing can be

25 achieved by setting columns b and f in 8 x 8 pixels as columns to be thinned out,



FI GS. 15A, 15B, there is a slight variation in the height of three peaks of
the signal before and after processing. Therefore, when the processed
signal is displayed on a display device, the image has sli gh:.guMeAXngggs in
bri ght ness. Wen the pixels have difference in gray level, th reg rity
and unevenness in brightness can be 5 redlu_sced by optim zing coefficient a;
however, setting coefficients a using two Tanks according to the
differ enCGScdlﬁnﬂfs&Yaﬂ\&Feds e piselEadjadent Widrerds linth ®and § asiHes tb beHhiFmed 3A
and 13B, a plurality of ranks are given to the differences in gray |evel.
When coeffi g r t : | 446 t gr t

SO %E Ihed' & aﬁ& t%tcl? the ng:'él@ dd(ﬁiz%’ﬁe;ﬁ/f %l%&étbe%nﬁh;‘é\?}é”ﬁrﬁmggfs‘? nall 3Gel

t hree peaks of the signa ve substanti e sane ore and

after the pro I n y t i nt erval. a.

w dihs of {vaTeabiCh ity dheifelidohe Bilngf bIEREY hie ClReT Bl blfirugs

t hi nni ng- out ,.processi ng. Wien these. processed signal are.disgl d on,a

di spl ay devidjecertiBetsinase SHhstimleshitestsial lavs) cuzeption farmila ¥ Yo aertaimy e,
pi cture quality can be inproved by determ.ning the differences,in graly

| evel adtortigny keyebogrrention; e the produeed pixels.er Copfficients o ased ip signak leyelyo
or nore) coefficients a according to the obtained results. In the

above- ment | conectintaarg elstermiredrinseoaflicient retermining girenitbd dbyni deteatingp the
to an i mage processing device inplenented as hardware. Needl ess to say, the
present i nveotelation betvedencthieikelpite berthamhed vus ahd the pixelDadjadenttthemto. In
Applicability As described above, signal |evel correction perforned on

pi xel s pr odtheashs®yhowii¢h FIGS. RA drid 2Besinoe thegpidelsitobe thilinedeut ahd the pixele
can minimze the lack of information and degradation of image quality in

text and ”a%%jh@éntitﬁéﬁk@é aré Roffffdiskl BT bldek MdOWhite ¥hd RBRY atlafe diference in
circuitry smaller than conventional 26 ones can constitute the device.

S . . . » o 5
alngcgi ie ;eg%?a%gﬁfg%?ﬁgr e%tg&gpgé ?S%"ZJ’? gfg?@ﬁgmgggﬁé ieglcelﬁl'?tsaagggégg?%g to the
| ati ' . - i nal it d.
Tht ni o oueFREECts b8 RALE it SedpikelsCadihcerd thehehS habB heh BiFGraRA U
I nvention cap._prevent e l.ac f _gradajion rRN ar act ot
" o oBBPERYE Bhelifers s Qoo RS tHetRe A 95 35R0RE the SRR ERRLY
il:)rrggeyc: gsgpé& i t?elori gi nal tcan be di spl a;[/ed W th § si npl e st ruclt ur e.lél n
|

addi ti on, o¢d-es only a smal | anount of conputations and is easily be

i npl ement ed as har dwar e. ] ]
w WaSuppose that a pixel, for example, in line b and column c, is referred to

15 as pixel bc, in FIGS. 2A and 2B. Thinning-out is performed on the pixels in
columns b, c, f and, g, and those in lines b, ¢, f, and g in FIG. 2A.

First, columns are described. In line a, pixels in columns a, b, ¢, and

d are input in order into delay circuits 11, 12, and 13 of the system shown in FIG. 1,

and delayed there. That is, Sa = aa, Sb = ab, Sc = ac, and Sd =ad. When pixels

20 ac and ab appear in the input and output of delay circuit 12, respectively, a thinning-

out pulse is generated by the thinning-out pulse generating circuit and computation

is performed. At this time, the difference in gray level of correlation between

pixels ac and ab, and then coefficient a is determined in coefficient determining

circuit 2. The determined coefficient a is used in operation circuit 3. Since pixel

256 ab is black and pixel ac is white in FIG. 2A, the difference in gray level of



- 5 M~Y zoos 26a Reference Nunerals 2 Coefficient determining circuit 3
Qperation circuit 4 |Inmage reorgani zi ng circuit 5 5 Thinning-out pulse

generating circuit 11, 12, 13 Delay circuit - 5 MAY 2003 Zlmwszm%n
i mge processing device conprising: delay means for delaying pi xel

bl ock of image data including a 5 pl uralltéy of pixels arranged in a
hori zontal direction and a vertical direc 1t| on, said delay means being

oper abl e t Gifd|aforPbé®een r;ﬁxél?%c AR ib018 i e i doRub Yo BRRASKT R set #Rh, 5and
to delay pixels in the vertical direction by every one |ine; thinning-out

st T UCt i ONGiRRARS LAy g@ﬁtﬁwglhw OFto¥ 8l1adiOp 1 b 11188 gQWhice Bn@ S QLB ©

a reduction ra orlzon dire h and a reduction ra

vertical difpecti 0 t_ rmonin ans ckl t|on
et veon ¢ ntgel S oeh chirSia JbEnd e STy herdBhf el £Epimpulls

I nstruction neans |er 5. ad] nt to th 5 t be_t hi nne t,
1" the. pi iSRG Lieve) Sarisariaiorayiue Snd BrRudes S Ha & frr a0 F T PoL
coef ficient accordlng to the_correl ation;, and operation neans for roduci ng
correct & pl xd).Sdal ¥ Q8T alpiwage seorganiging eirenit dnamvelua ) abtaiedFrogntheat a
relating to the pixels to be thinned 20 out, data relating to the pixel

adj acent t ccarhputptiam) i.¢.dlaek,tikiinteepiolated, inaihe nasétienaitiere porels dbtaadrionkavedy
said coefficient determ ning nmeans. 2. The image processing device
accordi ng tloeefil thimmed outher ei n sai d each pixel block is a 4-pixels block

including pixels a, b, ¢, and d arranged in order 25 in one of the

hori zontal directionNux, inhkne e Shcata, A8t ecth, Bt =cgand Sdeveds Sineapixelf
the pixels are Sa, Sb, Sc and Sd respectively, the coefficient determ ned

by sai d coey hﬁd@@%r@'%ﬁfﬁla@k”ﬂw”%@?slev&s%f domlaiaiﬁbfP&ekecB aharms f1al N
one of the horizontal direction and the vertical direction is b, I xel

adj aceqy t G fiyfd &gfﬁkﬁn{)‘& i@ qgtc e?’ﬁ&eflta dBtefﬁhmﬂg &P&§P2by S?n?%%the

operati on neans 1s sald operation or mu

o ook 1 nol i gnataiie T 4706 a3 Fp) A, frainle pbe S 58 80

0 and Sd = 0. Operation circuit 3 performs computations using signal level

correction formula S and provides (1 +2 x0)x(0+0)/2-1x0-0x0=0.

This is the same result as obtained by the mean value reducing processing. In

15 image reorganizing circuit 4, a value 0 obtained from the computation, i.e. black, is

interpolated in the position where pixels cb and cc have been thinned out. On
columns f and g, the same operations are performed.

Next, lines are described. Pixels in columns a, b, ¢, and d in line a

and sequentially, pixels in columns a, b, ¢, and d in line b are fed in order into delay

20 circuits 11, 12, and 13 in the system shown in FIG. 1, and delayed by every one line

there respectively. In column b, Sa = ab, Sb = bb, Sc = ¢b, and Sd =db. When

pixels cb and bb appear in the input and output of delay circuit 12, respectively, a

thinning-out pulse is generated by the thinning-out pulse generating circuit and

operation is performed. At this time, the difference in gray level of correlation

26  between pixels bb and cb, and then coefficient a are determined. The determined



- 5 MAY 2003 28 3. The i nmage processing device according to Claiml1,
wherei n each pixel block is a 3-pixels block including pixels a, b, and c
arranged in one of the horizontal and vertical directions sel aﬁggﬁgﬂﬂs
pi xels a, b, ¢, and d arranged in one of the horizontal direct e
vertical direction in order, signal Ievelz of each of 5 the pixels are Sa,
Sb, Sc and Sd, respectively, the coefficildnt deterni ned by said coefficient
determnin IS ' : -he:thin L IO, :

¢ ent @ 1§°‘u§i&{‘ﬁ1 ?‘)éélgtlo%%u%ﬁ%t. ¢} §ﬁ1@g?ﬂ%vﬁlb ‘B! eﬂ‘fq Qlf)d éﬁg l;Fggxh pAare

hori zontal direction and ver ~ditection s e pi xe ( _
Di*el 10 DAIRNG Bulehd, vl B SSheJi ol ARS8 A BRI,

a, and said 3.pi.xels.block {s 10 .reduced ta a 2-pixels block ipcluding

D xel's o afRCBIGFRLAGRREt R (hr by fORhe iodon sighel LSl B> BEvt Dochechrbdsg
to Caim1, wherein said coefficient determning means detects difference
in level bedbwEdh acgerdingeost1G. 2A. ¢ (pesatien cirgule3 meriorals eunputationy asingel
adj acent to the pixel to be thinned out, and 15 selects and determ nes one
of a pl br alsignal déved cofrection fognularSand pravwides Ol 12ax i0) < @ +1037 &r-efoe0v-ad xes
predeterm ned as discrimnation reference val ues, according to the detected
di fference 0 & 0.evhl imége furgamiagy ciraideds anglue Vi sitamed dir-oinnhet conipwiiativgd,
wherein said 20 thinning-out pul se generation neans for generating

t hi nni ng- oute. pldckess irterpolated Y tthe pobitionPiviiete pielzcbts Bha eBChae! b
to the reduction ratio in the horizontal direction and the reduction ratio
in the vertggal direction. 6. The image processing device according to
Claimb5, wherein said 25 thinning-out pul se generating nmeans: outputs

thi nni ng-out pul ses fQicei HSLAMEL B9S2 o8] X8I~ 14, e LRIAINGA Q1= b ASince

regul ar interval accor |t’ng fo the reduction rat1o 1 n orizontal

directiygn I . | 20Nt al CRI ORicZ | Si fe

when t AP BEER 1 thfE Tad B 4R, Wtk oo Bt rBh vl of FoieBlfch

t hi nni ng-oyt  pul ses foy instructing. the pixel to thinned out.at a
Fogular i s BErels be o5 HoARiout, ik hus Qs iriefh 8 1 8P R 0D a e on
- 5 MAY 2003 29 responsive to,a_ver{jcal nchroni zing.si gnal, as

ref erence, &qurmlgﬂ&nﬁalb}ﬁ% %}mﬁséi? ﬁgl’igf'h a\E‘Bré‘i!l &al @%P@Fgéﬁ%lﬁ- 2he

i mage processi ng deyice according to Claim®6, wherein 5 said del ay neans
conpri ses fOPPeratign capuited Periosms computations neing figral devel corsedtion as
means for inputting output of said first delay means, and third delay neans
for inputtiang provides S ClaitR 3@ tetral) hdand, x 0P sai b 86t Fiki b image
determ ning neans inputs the output of said first delay neans and the

out put 16f gedrgasizing cirkiitd, reaatye Ondbtaimetl dipmm atheocompatationn . sblatle, is

i mge data, the output of said first delay neans, the output of said second

del ay neansinterpélated infthe piositioni wherdqingls be andactshavelbeentthivinetlaoud.  On lines
coefficient determ ning neans, and output of said thinning-out pulse

generating fre@dhg, the same operations are performed. As mentioned above, the pixels of

image data are thinned out and interpolated so that the number of the pixels of the
converted image and the total number of the pixels in the display device are the

20 same, and the converted data is displayed on the display device.
FIGS. 3A and 3B show 4 x 4 pixels before thinning-out processing,
and 3 x 3 pixels obtained after thinning-out processing using the system shown in
FIG. 1. InFIG. 3A, apixel in column b and line b is set to the pixels to be thinned
out, and a pixel in column c and line c is set to those adjacent to the pixels to be

26  thinned out, and then signal level correction is performed on them. Those to be



8. An image processing device conprising: 20 delay neans to del ay each
pi xel bl ock of inmage data including a plurality of pixels arranged in a
hori zontal direction and a vertical direction, said delay |1e5n %Iwag
pi xels in the horizontal direction by every one pixel and de aM xel s
in the vertical direction by every one line; 25 thinning-out pulse
generating neans for generating thinni ng-1§ut pul ses according to a

i oot on: ool e A oRlph ey S RkdhocPh HRGRCCR Al P At B Bha e
Gener ot | ng W& dhnand g5 i8¢ Aplacknnghby CORTISeT ARG 106 Ahe Simad deve

froma plurality of successive pixel b]ocks obtained fromsaid delay neans,
and for dete@meckipngisaOc oeFhis creshits doc simaplyg pedormmg) dhe dneen cwlve rsdpeing
and - 5 MAY 2003 30 operation neans for operating on the pixels to be
t hi nned outpracebsinige Dperhtiondproelat S i€l ¢t 2 xa@rvr@in@) v & +Kexdbefl k) &, 5
wherein imge data is produced using a predeterm ned operation formula in
sai d opér atandnthoe aks positidntwherei thg-pixdls haoe deen tisinned ot i interpobatedibyethe
bl ock in the horizontal direction and the vertical direction to reduce the
image. 9. TditaineBeSsull @Cislack)N9 AlefiraRossidlifksWahd c pikel® Ba, cahld,sind ebare 10

coefficient is a, pixel B produced by a pixel b to be thinned out and a

pixel ¢ adigratite! BRI BHIL Bb.0E B afd Re'drd ANltlhckd uAthug Godfitbient 6 iséc fir

direction in a 4-pixefs ock I'ncfuding prxels a, b, ¢ and d arranged 1n
q . . SN . ] . . L .

bty e onls Sl oV coHaRlgh i 44 e A Ay bl B0l Ve

obt ai ned usi ng

5 and o aiPangod Hintdelr A0 abStubed AR i B BRSO MR Y e

Claim ein coeffi,cient. a,output fromsaid coeff.icien et.erni ni.ng.
means, 10 dofr s¥enouney 4k b piNeh befdre thibRle™ Pl pihsessing e, pd fso dhe dgrtis oy
| evel between two pixels of the 20 pixel] to be thinned out, t&e Ei xel
adj acent t Hisieg e eonvenyenal mean valus redyging progessingsRowaind 1416, dhe same

one of the si glnal | evel and the gray |evel between the two pixels is

smal | er t hagsylhis ebtpinedpr edet ermi ned as the discrimnation reference val ue.
11. The inmage processing device according to Claim8, wherein the 25
coefficient a output Fﬁﬁgm4v5hendd£ showehtx depixelsi before thianing-eutdprasesdingd
by detecting difference in one of signal |evel and gray |evel between two
pi xel s of tdmd PixxBlpixels wbtaihed afiedr thinnipdouthprovessihg asjnpecthet system shownaind
the coefficient a is selected and determ ned fromone of a plurality of

coef fi aisentBI@ 1ankeFIGY 4A ppineld itd Ybeothinfédranda vslutas bpasd dheseradpdents
discrimnation reference values, 30 according to the detected difference in

Do hi nned B T D e T et o®

devi ce accqygdijter e SthRlTedel dWifdctibh’is determinéd’as 8803 Operation formula S is (1
+2x05)x(1+0)/2-1x0.5-1x0.5=0, and thus black pixels are interpolated.
Since pixels to be thinned out in line b and pixels adjacent thereto in line ¢ are of

20 the same color, pixels of the same color are interpolated after the operation.

Consequently, 3 x 3 pixels obtained after thinning-out processing is as shown in
FIG. 4B, which is the same as the image obtained after thinning-out processing as
shown in FIG. 3B. For the example shown in FIG. 4A, when 4 x 4 pixels before

thinning-out processing are fed into the circuit using the conventional mean value

26  reducing shown in FIG. 6, a different result in FIG. 8B as described before is



31 said del ay neans conprises horizontal delay neans for delaying an i nmage
by every one pixel in a horizontal direction and vertical delay neans for
del aying the inage by every one line in a verti cal direction;g? !Ugﬂgs

t hi nni ng-out pul se generating nmeans conprises horizontal thin |h@g u ul se
generating nmeans for generating thinning-out pulses according to a
reduction ratio in the horizontal directil8n and verti cal t hi nni ng-out pul se
generati ng ans,for generating thinning-out pulses according to a

reducti on Pﬁ%PBe?n the 10 vertical direction; said coefficient determning

means conprises horizontal coefficient determ ning.neans for detecting,
correl ati on between ﬁ%ét’pﬂ k&3¢ Wge{s-‘eamﬂﬁﬁta%gﬁ 15 '%m@?@dl%%@a apce With

hori zontal thinning-out pulse generating neans and the pixel 15 adjacent

t heret o fr dhe present amvetnylonf1sgin5@@bgd.veF§B§eﬂ@AoaatdaMBdllugtrn@ thgi ease where

hori zontal delay nmeans, and for determ ning a horizontal coefficient

accor di ng- tthe systenteshmovreth EBGr &lhas ipenfoamed \tbinningbut pedfcessing on idputpivturieng

nmeans for detecting correlation between the pixel to be thinned-out

i nstrucged sighat af d natural rahgd. hi The Signallevbliécreectionds @ta‘rﬁwm&dammaﬁﬂld\mg

pi xel adjacent thereto froma plurality of successive 20 pixels obtaine

using sai d NgiderCaln §3GAY, WPRE a ﬁi&@l {®bedfified Suthah@ aVikel ﬁéjac@ﬂleﬂfe!ré?tbent

according to the detected correlation; and said operati onh neans conpri ses

hori zont al rad | [4; is R i : Lane and
RE" R %)Ptﬁh\gér%g’k?na{ll) dlﬁ%%h@é tdg%i%,tl W, Boeffitien? de?er}H?ifli;ﬁ@ Sr@hi 2

t he pi xel adjacen to according e 'horizontal coe i ent and

vertical o L . perad,l i o..he I d
{he. pi el SaBus T o REBECIE 85T O TR el B b8 hfineutoRed LhRel Anodit

i mge data s preduced, usi a _predet ermn e ety [ adn id
nor'zont ai. thEreT Y 3-istgk ASirdreRRe B e IVEL ARCERtBR ol YelRtiluln S 2

t hi nni ng- out processi ng i g, perforne i in.t hori zont al. di,rection
to redgge t ‘iltﬁa(g %go?&iq% qertf%gﬁ(ﬁ'ﬁzjﬁia&ﬂ r@Br g, dertical axis showss
An i mage processing nethod conprising the steps of; - 5 _MAY 2003 32

del ayi ng edignadilgeals,mmddhe berizantpd azishomsaixelinasitions: udaiBIGS. d0ARnk16B,
arranged in a horizontal direction and a vertical direction so as to delay
the pi xel s when apixedto berthinnedi ous@ndanpizg! adjeegntdhereto differid10 ioe mporgefer i n
the vertical direction by 5 every one line; generating a thinning-out pulse
accor di ng texampleciethervalune of sighal tlevel, thet difierenasenin gifayt levehisr determined as
direction and the vertical direction; 10 detecting correlation between the
pi xel to bdatgei ambdoefficient i isusdtetd O.f. t Whehianpixebtobe thinred cutdarad pipirél
adj acent to the pixel to be thinned out; determ ning a coefficient

accor diigg tadjident eiurerl difffed by ke8¢ thdn DO @dlued vglue dfrsigriat deelx e diffepent® g a
predeterm ned operation formula, based on at |east the coefficient, the

pi xel to berhPilevedss QétermaRed dshendll 4/ cosiRIGH b is et f620.Pi xel to be thinned

out .

FIGS. 10A and 10B show input picture signal of a natural image, and

the like, with gradation before thinning-out processing that consists of signal a, b, c,

d, e £, g h, i, j, and k arranged in order, and a signal waveform that consists of

20 signal a, B, d, e, f, G, i, j, and k obtained after the system shown in FIG. 1 has
performed thinning-out processing on the image to reduce the signal from 5 pixels

to 4 pixels. The numerical values are given as a guide of signal levels. In FIGS.

10A and 10B, since pixel b to be thinned out and pixel ¢ adjacent thereto differ by

10 in the value of signal level, the difference in gray level is determined as large and

25 signal level correction coefficient o is set to 0.5. According to signal level
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processing with a signal level of 65. In this case, even when the thinning-out

processing is performed on the peak of the stepped input signal, the peak of the

waveform is maintained or a slight edge enhancement is performed. In other

words, even in the output waveform after the thinning-out processing, no

20 degradation is seen in its edge portion and thus a sharp impression is given.
Finally, a very clear image is supplied to the display.

In the above examples, thinning-out processing in the horizontal

direction is described. For thinning-out processing in the vertical direction, similar

output signal can be obtained after the processing with the same operation, except

25  that the direction in which pixels are thinned out is different. In addition, in the
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3'2% = 59. Like these, by selecting an appropriate value according to the
correlation between the pixel to be thinned out and the pixel adjacent thereto, fine
adjustment can be made on the converted image. For picture input signal of an

10 image composed of characters or drawings without delicate gradation, the optimum
coefficient a is 0.5 as described above.

FIGS. 11A, 11B and FIGS. 12A, 12B show input picture signal of an
image composed of characters or drawings without delicate gradation before
thinning-out processing that consists of signal a, b, ¢, d, e, f, g, h, 1, and j arranged

16 in order, and a signal waveform that consists of signal a, B, d, E, g, H, and j
obtained after the system shown in FIG. 1 has performed thinning-out processing on
the image to reduce the signal from 3 pixels into 2 pixels. The numerical values
are given as a guide of signal levels. In both of FIGS. 11A, 11B and FIGS. 12A,
12B, pairs of a pixel to be thinned out and a pixel adjacent thereto are b-c, e-f, and

20 - h-i, and pixels produced after thinning out each pair are B, E, and H. B is obtained
by(1+2a)x(Sb+Sc)/2—axSa-a x Sd, E is obtained by (1 + 2 a) x (Se + Sf)
/2 -0 x8d-a x Sg, and H is obtained by (1 +2 a) x (Sh+ Si) /2 —a x Sg— a X
Sj.

In FIGS. 11A and 11B, signal level correction is performed in the

26  following manner. In the system shown in FIG. 1, when a pixel to be thinned out
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thinned out and a pixel adjacent thereto differ by less than 10 in the value of signal
level, the difference in gray level is determined as small and coefficient o is set to 0.

In FIG. 12A and 12B, the system shown in FIG. 1 performs thinning-
out processing so as to ignore the correlation between pixels to be thinned out and
pixels adjacent thereto and set all the coefficients a to 0.5. When difference in
gray level between a pixel to be thinned out and a pixel adjacent thereto is detected
to determine coefficients o as shown in FIGS. 11 A and 11B, the three peaks of the
signal before and after the processing have the same height. Only intervals
between each peak and the widths of the peaks are different because the signal has
been reduced by thinning-out processing. On the contrary, as shown in FIGS. 12A
and 12B, when coefficients o are set to a fixed value without consideration of the
difference in gray level between a pixel to be thinned out and a pixel adjacent
thereto, the signal level of peak E in the signal after the processing is twice as large
as the signal level before the processing. Thus the processed waveform is largely
different from that shown in FIG. 11B. When these processed signal are displayed
on a display device, the image is unnatural because it has unevenness in brightness
in parts like E in FIG. 12B. An image with minimized picture degradation can be
displayed as shown in FIGS. 11A and 11B by detecting correlation between a pixel

to be thinned out and a pixel adjacent thereto and determining a coefficient
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FIGS. 13Aand 14A show input picture signal of an image composed
of characters or drawings with slight gradation before thinning-out processing that
consists of signal a, b, ¢, d, ¢, f, g, h, i, and j arranged in order, and FIGS. 13B and

5 14B show a signal waveform that consists of signal a, B, d, E, g, H and j obtained
after the system shown in FIG. 1 has performed thinning-out processing on the
image to reduce the signal from 3 pixels into 2 pixels. The numerical values are
given as a guide of signal levels. Similar to FIGS. 11A, 11B and FIGS. 12A, 12B,
pairs of pixels to be thinned out and pixels adjacent thereto are b-c, e-f, and h-i, and

10  pixels produced after thinning out each pair are B, E, and H. B is obtained by (1 +
2a)x(Sb+Sc)/2-axSa—oaxSd,Eisobtainedby (1+2a)x(Se+Sf)/2-a
x 8d—a x Sg, and H is obtained by (1 +2 o) x (Sh+ Si) /2 —a x Sg—a x §;j.
In FIGS. 13A and 13B, signal level correction is performed in the
following manner. In the system shown in FIG. 1, when a pixel to be thinned out
15 and a pixel adjacent thereto have no or a very small difference in gray level, 0 is
input into coefficient a. When a pixel to be thinned out and a pixel adjacent
thereto have a medium difference in gray level, 0.2 is input into coefficient a.
When a pixel to be thinned out and a pixel adjacent thereto have a large difference
in gray level, 0.5 is input into coefficient a.  In FIGS. 13A and 13B, when a pixel
20 to be thinned out and a pixel adjacent thereto differ by 30 or more, for example, in
the value of signal level, the difference in gray level is determined as large and
coefficient « is set to 0.5. When a pixel to be thinned out and a pixel adjacent
thereto differ by 10 or more and less than 30 in the value of signal level, the

difference in gray level is determined as medium and coefficient o is set to 0.2.

25  When a pixel to be thinned out and a pixel adjacent thereto differ by less than 10 in



10 10f9 9%40% ()- QNQQQ RI RRIEDHC 10! 3"109& ()- 3 S10%& ()- 10%& () -

$109& ()- "10% ()- 3 S10%&' ()- RRS5SsSSTAELC 10!y% 940%& ()- #" 10%%(8- F
I'S109%& ()- 3 100& ()-ff 109%& ()- L"10%& ()- ThUWFWVWAE: / = §o\RY 2
y8S10%&' ()- 6109& ()- F4"109%& ()- ,2"10% ()- yO 940%& ()-

"M 1098 () - YWWWADX| XYZuS1/ 24

! %d.09 () - pX@(YA0990& () -.3 %' ()-13%10% (),-.109&' ().-#&109%&' () -
182@3,{[/([1? #{?? /%hgzxvp,hlfe ol s(%gna levél? the$ ]d?fferex(mc):e in $fgray Qff‘ew.ge)l is d{eter(n)linegl as sm:a(lﬁ and

10@FY0%& éo)e%fsléi)élg(ll:(;/s&soe(i{?(?g ()-s@FY%0%& ()-Y'yb@FYd09%09& () - YAB3% 0% () -
In FIGS. 14A and 14B, signal level correction is performed in the
following manner. In the system shown in FIG. 1, when a pixel to be thinned out
5 and a pixel adjacent thereto have no or a very small difference in gray level, 0 is
input into coefficient a. When a pixel to be thinned out and a pixel adjacent
thereto have a large difference in gray level, 0.5 is input into coefficient a. In
FIGS. 14A and 14B, when a pixel to be thinned out and a pixel adjacent thereto
differ by 10 or more, for example, in the value of signal level, the difference in gray
10 level is determined as large and coefficient a is set to 0.5. When a pixel to be
thinned out and a pixel adjacent thereto differ by less than 10 in the value of signal
level, the difference in gray level is determined as small and coefficient a is set to 0.
In FIGS. 15A and 15B, signal level correction is performed in the
following manner. In the system shown in FIG. 1, when a pixel to be thinned out
15 and a pixel adjacent thereto have no or a very small difference in gray level, 0 is
input into coefficient a. When a pixel to be thinned out and a pixel adjacent
thereto have a large difference in gray level, 0.2 is input into coefficient a. In
FIGS. 14A and 14B, when a pixel to be thinned out and a pixel adjacent thereto
differ by 10 or more, for example, in the value of signal level, the difference in gray
20 level is determined as large and coefficient a is set to 0.2. When a pixel to be
thinned out and a pixel adjacent thereto differ by less than 10, for example, in the
value of signal level, the difference in gray level is determined as small and
coefficient a is set to 0. When the difference in gray level between a pixel to be
thinned out and a pixel adjacent thereto is detected to determine coefficient o

25  according to the detected difference in gray level as shown in FIGS. 14A, 14B and
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1 3$10%z&' (3 display device, the image has slight unevenness in brightness. When the pixels
have difference in gray level, the irregularity and unevenness in brightness can be
5 reduced by optimizing coefficient a; however, setting coefficients o using two ranks
according to the differences in gray level has some limitations. Then, as shown in
FIGS. 13A and 13B, a plurality of ranks are given to the differences in gray level.
When coefficients a are set to a plurality of values (two or more), the three peaks of
the signal have substantially the same height before and after the processing. Only
10 the intervals between the peaks and the widths of the peaks are different because the
signal has been reduced by thinning-out processing. When these processed signal
are displayed on a display device, unevenness in brightness hardly occurs.
As described above, picture quality can be improved by determining
the differences in gray level according to a plurality of ranks and setting a plurality
15  of (two or more) coefficients o according to the obtained results.
In the above-mentioned examples, the present invention is described

with respect to an image processing device implemented as hardware. Needless to

say, the present invention can also be implemented as software.

20 Industrial Applicability
As described above, signal level correction performed on pixels
produced by pixels to be thinned out and those adjacent to thereto can minimize the
lack of information and degradation of image quality in text and natural images.
In addition, using only one operation formula, circuitry smaller than conventional

26 ones can constitute the device. Since correlation between the pixels to be thinned
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Thinning-out processing using the image processing device of the

present invention can prevent the lack of gradation and sharpness of characters not

5 only in a binary image but also in a natural image, and thus a sharp image close to
its original can be displayed with a simple structure. In addition, it requires only a

small amount of computations and is easily be implemented as hardware.
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Coefficient determining circuit
Operation circuit

Image reorganizing circuit
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Thinning-out pulse generating circuit

11, 12, 13 Delay circuit
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CLAIMS
1. An image processing device comprising:

10

15

20

25

30

delay means for delaying each pixel block of image data including a
plurality of pixels arranged in a horizontal direction and a vertical direction, said
delay means being operable to delay pixels in the horizontal direction by every one

pixel and to delay pixels in the vertical direction by every one line;

thinning-out instruction means for instructing pixels to be thinned out
according to a reduction ratio in the horizontal direction and a reduction ratio in the
vertical direction;

coefficient determining means for detecting correlation between the
pixel to be thinned out instructed by said thinning-out instruction means and a pixel
adjacent to the pixel to be thinned out, in the pixels delayed by said delay means,
and for determining a coefficient according to the correlation; and

operation means for producing corrected pixel data using a
predetermined operation formula, based on data relating to the pixels to be thinned
out, data relating to the pixel adjacent to the pixel to be thinned out, and the
coefficient determined by said coefficient determining means.

2. The image processing device according to Claim 1, wherein said
each pixel block is a 4-pixels block including pixels a, b, ¢, and d arranged in order
in one of the horizontal direction and the vertical direction, signal levels of each of
the pixels are Sa, Sb, Sc and Sd respectively, the coefficient determined by said
coefficient determining means is o, the pixel to be thinned out in one of the
horizontal direction and the vertical direction is b, the pixel adjacent to the pixel to be
thinned out is ¢, a pixel produced by said operation means is B, said operation
formulais B=(1+ 2 o) x (Sb + Sc) /2 — Sa x a - Sd x o, and said 4-pixels block is
reduced to a 3-pixels block including pixels a, B, and d arranged in order.



10! | ~@O0%. ()-$, 109 ()- 10 10

10, SOZ94.09%& ()-s!, s0Z940%\ & ()-s, &Z940%& ()- :' | WZ8~ @ 10!!yXS

39609%@&& () -1 pSy 0% ()- | kSy 9A0% ()- $10% ()-!]$10% ()= YS?SU03
$10%& ()-W}lrg\= 10!!# 10%&' ()- 10 10 10S03%A0%&' ()-s! pS03%d0vaVY)!
304098 ()-!pS 3%0%& ()-1 TA<g\= 10!!11tf3 3%40%& ()-!kf3 3%40%& ()-!1tf3
30400& ()- 109& ()- "10%& ()-,10%& ()-3'nz[ PE. 10!! 10 10

10f OF9%4.0%& () -s! f OFY%L0%& () - st FUL0%&’ () - lngf FORL0%& () - ! ~bf FY40%& () - ${ &IEPE:
10!! 10f 9409%& ()- f"109& ()-ZL$SL109%& () -

3. The image processing device according to Claim 1, wherein each
pixel block is a 3-pixels block including pixels a, b, and ¢ arranged in one of the
horizontal and vertical directions selected from pixels a, b, ¢, and d arranged in one
of the horizontal direction and the vertical direction in order, signal levels of each of

5 the pixels are Sa, Sb, Sc and Sd, respectively, the coefficient determined by said
coefficient determining means is o, the pixel to be thinned out in one of the
horizontal direction and vertical direction is b, the pixel adjacent to the pixel to be
thinned out is ¢, a pixel produced by said operation means is B, said operation
formulais B=(1+2 a)x (Sb + S¢)/2 - Sa x a - Sd x a, and said 3-pixels block is

10  reduced to a 2-pixels block including pixels a and B arranged in order.

4, The image processing device according to Claim 1, wherein said
coefficient determining means detects difference in level between two pixels, i.e. the
pixel to be thinned out and the pixel adjacent to the pixel to be thinned out, and

15  selects and determines one of a plurality of coefficients o ranked by a plurality of
reference values predetermined as discrimination reference values, according to the
detected difference in level.

5. The image processing device according to Claim 1, wherein said

20 thinning-out pulse generation means for generating thinning-out pulses for

instructing the pixel to be thinned out according to the reduction ratio in the
horizontal direction and the reduction ratio in the vertical direction.

6. The image processing device according to Claim 5, wherein said
25  thinning-out pulse generating means:

outputs thinning-out pulses for instructing the pixel to be thinned out
at a regular interval according to the reduction ratio in the horizontal direction
responsive to a horizontal synchronizing signal as a reference, when thinning-out

30 processing in the horizontal direction, and

outputs thinning-out pulses for instructing the pixel to be thinned out
at a regular interval according to the reduction ratio in the vertical direction



"10% () - Z@LOY&' ()- Sty 109& ()-&\dEPE: 10!! 103 , &@LOY& () -
f#10%&' ()-Z""10%&' ()-  S10%&' ()- ~10%&' ()- "10%& ()- 6v&WJEPE: 10!
104" 109& ()- 2"109%& ()- 3 O0@LO%& ()- f.MLOY& ()- *109%& ()-F 5%\( 003
| "#14bC 10!! 10"10% 0& ()-10% 0& ()-$f10% 0& ()-m 10 10 10
0d0%& ()-6"10%& ()- dXYZdE:/ 10'o 10' ol 10% o0& ()- S'10% o0& ()-
9$10% 0& () -

29

responsive to a vertical synchronizing signal as a reference, when thinning-out

processing in the vertical direction.

7. The image processing device according to Claim 6, wherein
5
said delay means comprises first delay means for inputting the image
data, second delay means for inputting output of said first delay means, and third
delay means for inputting output of said second delay means,
10 said coefficient determining means inputs the output of said first

delay means and the output of said second delay means, and

said operation means inputs the image data, the output of said first

delay means, the output of said second delay means, output of said third delay

156  means, output of said coefficient determining means, and output of said thinning-out
pulse generating means.

8. An image processing device comprising:

20 delay means to delay each pixel block of image data including a
plurality of pixels arranged in a horizontal direction and a vertical direction, said
delay means delaying pixels in the horizontal direction by every one pixel and
delaying pixels in the vertical direction by every one line;

25 thinning-out pulse generating means for generating thinning-out
pulses according to a reduction ratio in one of the horizontal direction and the
vertical direction;

coefficient determining means for detecting correlation between a
30 pixel to be thinned out instructed by the thinning-out pulse generating means and a
pixel adjacent pixel to be thinned out, selected from a plurality of successive pixel
blocks obtained from said delay means, and for determining a coefficient according

to the detected correlation; and
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pixels adjacent thereto according to the coefficient;

5 wherein image data is produced using a predetermined operation
formula in said operation means, and thinning-out processing is performed by pixel
block in the horizontal direction and the vertical direction to reduce the image.

9. The image processing device according to Claim 8, wherein said
10  coefficient is o, pixel B produced by a pixel b to be thinned out and a pixel ¢
adjacent thereto in one of a horizontal direction and a vertical direction in a 4-pixels
block including pixels a, b, ¢ and d arranged in order in one of the horizontal
direction and the vertical direction is obtained using a formula of (1 +2 a) x (b + ¢) /
2-axo-dxa, and said 4-pixels block is reduced to a 3-pixels block including

16  pixels a, B, and d arranged in order.

10. The image processing device according to Claim 8, wherein
coefficient o output from said coefficient determining means is determined by
detecting difference in one of signal level and gray level between two pixels of the

20 pixel to be thinned out and the pixel adjacent thereto, and coefficient o is output as
0 when said difference in one of the signal level and the gray level between the two
pixels is smaller than the value predetermined as the discrimination reference value.

11. The image processing device according to Claim 8, wherein the

25 coefficient o output from the coefficient determining means is determined by

detecting difference in one of signal level and gray level between two pixels of the

pixel to be thinned out and the pixel adjacent thereto, and the coefficient o is

selected and determined from one of a plurality of coefficients o ranked by a

plurality of reference values predetermined as discrimination reference values,

30 according to the detected difference in one of signal level and gray level between
the two pixels of the pixel to be thinned out and the pixel adjacent thereto.

12. The image processing device according to Claim 8, wherein:
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delaying the image by every one line in a vertical direction;

said thinning-out pulse generating means comprises horizontal
thinning-out pulse generating means for generating thinning-out puises according to
a reduction ratio in the horizontal direction and vertical thinning-out pulse generating
means for generating thinning-out pulses according to a reduction ratio in the
10  vertical direction;

said coefficient determining means comprises horizontal coefficient

determining means for detecting correlation between the pixel to be thinned-out

instructed by said horizontal thinning-out pulse generating means and the pixel

15  adjacent thereto from a plurality of successive pixels obtained using said horizontal

delay means, and for determining a horizontal coefficient according to the detected

correlation and vertical coefficient determining means for detecting correlation

between the pixel to be thinned-out instructed by said vertical thinning-out pulse

generating means and the pixel adjacent thereto from a plurality of successive

20 pixels obtained using said vertical delay means, and for determining a vertical
coefficient according to the detected correlation; and

said operation means comprises horizontal operation means for
operating on the pixel to be thinned out and the pixel adjacent thereto according to
25 the horizontal coefficient and vertical operation means for operating on the pixel to

be thinned out and the pixel adjacent thereto according to the vertical coefficient;

wherein image data is produced using a predetermined operation
formula in said horizontal operation means and in the vertical operation means and
30 thinning-out processing is performed by pixel in the horizontal direction to reduce

the image and in the vertical direction to reduce the image.

13. An image processing method comprising the steps of:
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arranged in a horizontal direction and a vertical direction so as to delay the pixels in
the horizontal direction by every one pixel and the pixels in the vertical direction by
5 every one line;

generating a thinning-out pulse according to a predetermined
reduction ratio in one of the horizontal direction and the vertical direction;

10 detecting correlation between the pixel to be thinned out instructed by
the thinning-out pulse and a pixel adjacent to the pixel to be thinned out;

determining a coefficient according to the correlation; and
15 producing corrected pixel data using a predetermined operation

formula, based on at least the coefficient, the pixel to be thinned out, and the pixel
adjacent to the pixel to be thinned out.



