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P- 4 9 ~ SEP 2f| SPECI FI CATI ON | nage processor, |nmage proces ZU[]Z
met hod cessi ng program tecording medi um TECHNI CAL FI ELD The
present reI ates to an i nage processor, an inage processing nethod

and an i rragevcwm‘t:esm ng programrecordi ng medi umand, nore particularly, to
t hose which can enl arge an i mage which has tone in each pixel m :
resol ution conversion with easy arithnetic processing and obt aﬂmmmm “m“‘mnulP
hi gh-qual ity resolution i mage wWepterEithatghng the same. For exanpl geeidet

relates to those which are suitable for being applied in an inmage output

appar at stnfal&éh @8c@s Pot ntl‘?x{agfeogaré’é@é%itntg' REthOPYnd TRYGe ! ;(E}fo(?:reggih gn with
i nterpol ating or a displ ay unit for performng a screéen display equival ent

that is equivalent to H -Visignd pags i splayiwhth interpolating a current
NTSC vi deo signal . BACKGRCEJ IISP&RT Fi g]t:Jre %9 iTTustrate an exanple of a

condi ti Ky s type image processor is used. In the figure,
nuner al q%ﬂ-)}? g@ng%&e%a PC( personal conputer), 1902 denotes an inmage

processor for % E&)rr{% sp#g]ﬁtte o%puta frporngfct ?e PC,anaind 1403

denotes an L ayl ng ‘héout Jat Re"f Mage processor

1402. Vi d (():e§I gnalnfigfguafﬁe in_such as 640x 4B0 pixels from IlhIae noni t or

out put |rne (0] apnlﬁ“a < rO%ceeSsSs&Pglwrfagrreco f%r?n resol ution

conver Si og’ i s connect.ed.between them sq.as FROM ~: ~#~0~| ~ gh %
1cC

Sp14BUK)TA ABPFS AL &fuéaﬁé%z% 5&“?56 W% cagdp aﬁga ¥ la‘. 88190 e i deo
si gnal %n t@ ect 1403 _.whi ch has f %so t\;eon %88 as 1280x
o She BTl PEEST AP PO Rage R oR v iR S AE Py
arithmetic processing and obtain a high-quality resolution image
while enlarging the same. For example, it relates to those which
are suitable for being applied in an image output apparatus such
as a printer for outputting input image information with
interpolating or a display unit for performing a screen display
equivalent that 1s equivalent to Hi-Vision image display with

interpolating a current NTSC video signal.

BACKGROUND ART

Figure 14 illustrate an example of a condition in which this
type image processor is used. In the figure, numeral 1401 denotes
a PC(personal computer), 1402 dencotes an image processor for
enlarging an image that is output from the PC, and 1403 denotes an
LCD projector for displaying the output of the image processor 1402.

Video signal is output in such as 640x 480 pixels from the
monitor output line of PC 1401. The image processor 1402 for

performing resolution conversion is connected between them so as
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converted to a high-resolution inage, and even when an inmage of a PC.is
subjected to an enlarged projection display on a screen by the Lcbl SEP 2002
proj ector 1403, the projected image i-%-prevented from being roughly
di spl ayed. various nethods have been proposed for resol ution conversion
processing which enlarge a lowresolution inmage with interpol ating. The
nost comon nethod is a linear interpolation for linearly interpolating
intensity of new pixels from peripheral original pixels. Figure 4 is a
di agr amtshaiispganrtlientvddgol aigmal posthe ditloprpisetar 440drwhiich hasthe
conventional |inear interpolation nethod. 2n figure 4, nuneral 401 denotes
an ori girmolptxeh »f tsudmtaensesyx Geo4p2xeenotes an original pixel with
intensity H, 403 denotes an original pixel with intensity | and 404 is an
ori gi nal pi xelThaixielyi, nteenisiv-yredoliticon niesyml otgtuneeironhe@se lamilgiisal pi xel s
of lowresolution inmage, that is, the interval between adjacent pixels in
each of ddmerelrapdzomtaahigh-vesséialondimegs ) amsl kgerl WhenNameimlged656 denot es a
new pixel with intensity K which is obtained by conventional |inear
i nt er polmt iiGN subfécpedsentan eheadjsd gredett dDon tdispaaygomad spirkeh 01 to the
new pi xel 405 in the vertical direction, "n" presents the distance fromthe
ori gi nalthy xeb ptdletaok el 03Vt e pebj466ed imb e ilzopiamitad thorebéimn, and
t hese di stances FROM . ~, ~~a~: ~ph 2001 3R149 (~k) 14 46/'#J114
44/ e38038A3ni4 Bibplayed. SEP ZppZ "nf' and "n" are assuned to be O-nx 1 and
0O< n< 1. The intensity K of new pixel will be calculated by the follow ng
equati on. K=( lrdBilduk-met it avenoebd PHopbisd JrofCesdluigoh @ chtersnstvent i onal
‘near interpolation, it perfornms interpolation by linear interpolation and
e IequbrcseRAEAINICN dd MYy ef HloGat&481R1LiBE inAGeNBWNPIint®Irposating ti mes of
multiplication arid five tinmes of adding and subtraction. In the
convent i gl md d v @fmmiont @feRBbat 18Na LWNAEEr | SnEedPARkEBH I Bot hdinadriyTBge |iS
snoot hed by averagi ng processing with peripheral original pixels, thereby
resul ti nthddygahteirg LABGES oy WY e edgelvarisn tharigabrhackt ngidal
sharpness. There is an image processor disclosed in the Japanese Published
Pat ent Appldigati on No. 7-93531 which can solve the problens that the edge
parts of image is blurred by averagi ng processing. The imge processor is
the one which pefd@r@siki HedlagrahesRalidy el AiddripdRht CorSodkhoRSot
perform ng snoothing after adding arithnmetic processing for creating edges

in accorganoe Wekdrdiey ¢endhd iJhvehtional linear interpolation method.
In figure 4, numeral 401 denotes an original pixel with

intensity G, 402 denotes an original pixel with intensity H, 403

denotes an original pixel with intensity I and 404 is an original

pixel with intensity J. The interval between these original pixels

of low-resolution image, that is, the interval between adjacent

pixels in each of the horizontal or vertical directions is "1".

Numeral 405 denotes a new pixel with intensity K which is obtained

by conventional linear interpolation. "m" presents the distance

from the original pixel 401 to the new pixel 405 in the vertical

direction, "n"™ presents the distance from the original pixel 401

to the new pixel 405 in the horizontal direction, and these distances
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peri pheral imges, thereby the edge parts are cleared, resulting in
hi'gh-qual ity images. However, the inmmge processor disclosed in JadaheSEP 2002
Publ i shed Patent Application 7-93531 lwas a problemin that the entire
processing time is increased as well as the device beconmes costly when
constructed in hardware, because it requires an edge making arithnetic
processing in addition to the linear interpolation. FROM ~~1~#~~~| r #~Ph
2001T 3A148 ) 14 , 46/ ~~t 4. 44/i$3803823524 P 7 ~ ? sSEP zaoz -4 Further,
when a | oy« rasplvihi @Pei JBMdS cbNber Pt hrnd GRNYErted to a
hi gh-resol ution image, in particular, to an i mage having tw ce nunber of
pixels in eachreé {Renartdy qaloAngedopiZontalldigeecddiensatddepypnount of
arithnmetic processing can be reduced by devising the pixel arrangenent. The
arrangenmesildwiddieguadsen W || be described with referring to figure 6.
Figure 6 is a dilagram show ng pi xel arrangenment at perform ng resolution
conversion to &k £6n\YAkeH 8in@) X&l § (10nfaemHf the vertical and horizontal
di rections by conventional imge processing nethod. In figure 6, " O"
desi gnates an gLigidy i xeky of ti j €t oy %,e&i nates a new
pi xel of hi gh-geg% uta(!lgoﬁh?(rragg. c'ltl)'ﬂge%??(e ﬂar%néégarrgﬁ%telrﬁo% e fnlggﬁlre 6 omts
arithnet| Q6ESS| . t i I e j 604 by
natchingbgﬂggpos??F%%Pégggﬁﬁgﬁﬁgﬁﬁgggﬁingh%%ﬁga}%% %&%qﬁ%s?%g%ﬁﬁg new
pi xel 60 . mat.ching S 4 d jty. _In.additi w pi xel
606 i s cé?‘?:f’u‘i{éa!‘t%’r‘g tgg‘ls?g’d f%%o%aﬁﬁ{él%érhﬁlgq k g@’el‘%é‘(ﬂ é%dg%%eg%}??sgiﬁl pi xel
602, and j 6 i al t has ' s 606, 607, 608
609. m%é‘f#& fyr?ggtbg %ﬁ% épji‘i;eeltg'&(}llrgrga%geman?lgi %Rgirgg\{l}?;gaglffﬁfough t he

ensity of n I X 04 whi qr.re s.to.fthe _origi.na i 601
i ncludes no er rﬂgrtl,%et ﬁéémpen'{lcél\#éﬁg 31 i\c/ha atfefrg?&rd?é)vlvagllé%'l tgﬁﬁg\ﬁ%i %ﬁ%f’é?%:nél cul at ed
based up ori.gLnal. pi xel 1 and 602 may incl.ude . err.o further,
the int e%gittth% VA &‘356‘? lﬁeé\/ﬁnopﬁt%eegqé’lﬁvs\m%’hnﬁg ¢ s@ﬁpgtwé‘%g 2y E‘ﬁf)%# t he new
pi xel 606 _rmy include a greater_error. . F ~, ~#~0~ph 2 3A 48 (~~) 14
N6 o145 it g0 g 5eS HepRhY - Phng i Birtined Trels iR pdds 2
i nterpol ation resul% (N _which thg aggearance probability of error varies
qependinﬁaﬁﬁsi?ﬂﬁﬁ%git ) e ST 8FP%& ment i oned above, the conventi onal
| Tge process! e r! 199 0L YN I o8| ALESALH LN IPYEpR

Published Patent Application No.7-93531 which can solve the problems
that the edge parts of image is blurred by averaging processing.
The image processor is the one which performs linear interpolation
arithmetic as well as performing smoothing after adding arithmetic
processing for creating edges in accordance with the condition of
peripheral images, thereby the edge parts are cleared, resulting
in high-quality images.

However, the image processor disclosed in Japanese Published
rPatent Application 7-93531 has a problem in that the entire
processing time is increased as well as the device becomes costly
when constructed in hardware, because it requires an edge making

arithmetic processing in addition to the linear interpolation.
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perfornms averaging of the intensity of original pixels at periphery of new
pi-xel , thereby resulting in a problemthat an interpolated inmagefd SEP 2002
snoot hed and results in blurred i mages4in which edge parts thereof | ost
shar pness. Further, the inage processor disclosed in Japanese Published

Pat ent Application 7-93531 has a problemin that the entire processing tine
becones | onger due to an edge meking arithmetic processing and a problemin
that it becones costly when it is produced in hardware. Further, in a case
where a pixel @urangepewien Sa dei-3@8o3at &Sn t imddRCrigade tbhpo bavadntandf
arithmetic processing, there may be a case in which the appearance

probabi | icbyivettéd #F rsohigh-péxeludahnainage psirdeRentdt 0gaoN tpi XLl Smagkhe
present invention is made to solve the problens and has for its object to
provi de aRviAGGR iROSERSH of Pl xeMBGS PESCeTSiNgvart il and naniismae
processi ng program recordi ng nedi um whi ch can obtain high-quality inmge

W th shaaressivhd Chneedhbifs Jrewr 2URYiObrbBé €4ty abhoke aelbbs@ibyc SO as
to inprove an image resol ution, short processing tinme, and a small scal ed

har dwar e qea0di A4rdhe i x40 £ £RBnERKE tHH f@rAhSfeAPRAAEIRNC @ BEQRANI |1ty Of
error of pixel data in a case where a pixel arrangenent is perfornmed so as

to nininméedesg%gQAdnwﬂ@%~rgfng§Qpt%OQ;g§A§&LCk) 14 46ml114 44/' $38C3823524
P9 ,? 7 SEP ~D2 the anount of arithnmetic processing. DI SCLOSURE COF

| NVENTI ON The i i r.di i dL.he
present invent iﬁqg?%?ggﬁgﬁ%%g?ﬁﬁggﬁg a\%?lg%&%c?gv%r ?\gﬂ-g&fm‘tn@
| OWfefSO'xléts'o%cng@orE\Qezasi!&'nngr€§9éé‘tﬁ|.ﬁﬂbé:”%€£e EQ\%@F ' ﬂ‘?!é’é&s i F&Bée'
acbecplon nmeans for selectlng a plxel of i nterest ichis located at a

W L1 0N e SESE i ol 2l o O B SOROLY!d MY 1B6a Ntk Yo BEBELA 6 DEt ween
pi xel s (herernafter, sinply referred to as "new pi xe ) “and adj acent

pi xel s adj.aggat the pixel of interest fromthe pixels of the | owresolution
i mge, respectively, and new pi xel data cal cul ati on means for cal cul ating

t he differencelﬁft en _the aﬂ?gpe t .pixels putting, between.th i xel of
i nterest, obt ai ﬁagﬁﬁs gﬁen rm)%kﬂlﬁgagﬁstga 85%? n{% ﬁﬁ?ldfﬁnggnce and
the di stance_ between the pixel of interest and.the new.pixel, and
cal cul at GOLHET A F VI ue T THEITRB P XA ORIERE BasiE ot ot HEd8Pa of the
p! xel of i égr es’&‘?e t&fxéil' f;re:;a%@%ﬁen@ngnt fe aﬂ?‘é;ﬁtq:!en% \éﬁilﬂilg afﬁt.chq{ed.li@g to the
i mge processor 0 arm 17of the present Tnvention having the
above- deggr.Red; fPNELL UCH I Ratlhg! ShPOFM NSty of a new pixel 604 by
matching the position of an original pixel 601 with the position
of new pixel 604, andmatching also for their intensity. Inaddition,
a new pixel 606 is calculated based upon the original pixel 601 and
the original pixel 602, and a new pixel 610 is calculated based upon
new pixels 606, 607, 608 and 609.
According to the pixel arrangement in figure 6, though the
intensity of new pixel 604 which corresponds to the original pixel
601 includes no error, the intensity value of new pixel 606 which
is calculated based upon the original pixels 601 and 602 may include

an error, further, the intensity value of new pixel 610 which is

calculated based upon the new pixel 606 may include a greater error.
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to carry out the interpolation of image wwth a small operation aqaugt éﬁ
wel|l as obtain imge with sharpness. The i nmage processi ng net hod €c 0$ |ﬁ@
to Claim2 of the present invention prsovides an inmage processing net hod

whi ch converts a | owresolution inage to a high-resolution i mge that

i ncl udes a pixel selection step for selecting a pixel of interest which is
FROM . ~- | I ~#5a~~f ~r' ph 2001 3J~14B (~k) 14 47/>~#Al14.44~' S jayY ki C-5~4 r .u
,Z 7 SEP ~00~ |l ocated at a position closest to a pixel for interpolation to
be new yrTgenerakeed Qeissseanpintrpolbeien naktet ,inswApdly thef &ge@dahoe as " new
pi xel ") and adj acent pixels adjacent the pixel of interest, respectively,
from t heppbpxeplis iy blieel gy regledt Hoperdd@e onalf 1R ¥elndlapaxeal cul ation
step for obtaining the difference between the adjacent pixels putting

bet ween the pixglnedkibAtErAsive, Y abiiditibRe1 aMRQdi gidbckabify Bthbg basis
of the difference and the distance between the pixel of interest and the
new pi Xekor adhvedhtHbahi NIk oy AR Ok ot RenNAMVrBEYBht U thggdasi s of
the data of the pixel of interest, the difference) and the anendi ng val ue.

Accor di Nget fofle 2l BRESI Y BE S ﬂgté%mdopforg?ﬁkm gief14 ke g&ﬁ%ﬁaky

i nvention having the above-described construction, it is possible to carry

out the LAtELPQ:igkh N rddjRgesWM {fh iANR!JrACHAER AN aAMDIMUEr RI V84| as
obtain an i magée Wt h shar pness. The 1 nage processi ng programrecordi ng

medi um aggor disndsf o, Tha QAsuliRe s&epfefa @)ﬁ;&&éé QQ J;sfiscréaa?g@@aees! mage

processi ng program perform ng conversion of a [ owresolution’iiage into a

hi ghr esoly)t | 08 i,7RGe Bgfﬁgggg_ whi ch program i ncl udes a pixel selection step
f ixel of Interest which is located at a position closest to

~selecting a pixel (
Wi el or NEGEBRLAL LAD 1R G ARN 8 UeNSAbEd gﬁtarq%%g.&wﬁmisned

(hereinafter, sinply re as "'new pi xe a acent pixels

adj acent pf pgy, i xg#wsaéi er £54353f1 Hpd he gjfagﬁeﬁn Ofpn t €. oW eggmé on

i mage, respectivery, and new pi xel ta c ation step taining the

differenge, el Ween (ihg QQ%&G@QH '&%‘E' §ufWd | 19 RGEVRER: A S RBRALEM ar

pi xel , obtal ning the anending va

processing and a problem in that it becomes costly when it is produced
in hardware.

Further, in a case where a pixel arrangement is devised so
as to decrease the amount of arithmetic processing, there may be
a case in which the appearance probability of an error of pixel data
varies depending on pixels.

The present invention is made to solve the problems and has
for its object to provide an image processor, an image processing
method and an image processing program recording medium which can
obtain high-quality image with sharpness which requires few amount
of interpolation arithmetic so as to improve an image resolution,
short processing time, and a small scaled hardware, and further,
which can make uniform the appearance probability of error of pixel

data in a case where a pixel arrangement is performed so as tominimize
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2g02 8 on the basis of the difference and the di stance between %
of interest and the new pixel, and cal.gulating the data val ue of the new 02

pi xel on the basis of the data of the pixel of interest, the difference,
and the amendi ng val ue. According to the inmage processing programrecording
medi um of Caim3 of the present invention having the above-descri bed
construction, it is possible to carry out an interpolation of inage with a
smal | opeaimat iagauagw@taﬁ&hmkhca?r@igseylmgan i mge with shar pness. The i mage
processor according to Caim4 of the present invention provides an inmge
processor according to Caim1l in which the pixel selection neans is one
whi ch selects data A of the pixel of interest of the |owresolution image,

| ocat ed airsrrRSRE! " BlrsRSbyt 0 a pi er for interpolation to be newy
created (hereinafter, referred to as "new pixel") between pixels of the

| ow-resol ution THHigﬁxaB@V#f'&céﬂﬁtr\fénﬁﬁﬁaPeftusl ac@@%dﬁ@ +3dE gt Bex@ls, data
B of upper pixel of the Towresol'ution inmage adjacent the pixel of interest

at upper idleskneneal; dater & oled AMennBECh: e ddie 'wq%éeégmft%n 4 mage

adj acent the picture of interest at |owe de thereof ata D of le

pixel of {fie x‘e‘%Wéﬁ@f@A U:‘gkagié 't%agenﬁgi)}gf&églutt BnPix&le PnalNtfE ARl | €t

si de t hereof dat a right | ow esgl ution 1 nmage

adj acent. I1& PEXELeplod e Eopls fe%'&ﬁg pLRer & 5 nncbdngnagy pl xe!
data cal JIatl on nmeans i s one | a dat a ld—' new p
i i TR 8 i 5, 12

dpper pi el T Pl bzl B ol FULGERS ot 2 gt
pixel, the BPSiLLOn ofq! a*agngg*vg . N

di st ance oriz rec ance Int

di rection,fr gﬂéi‘{ e&%‘ 180 #é% Gr&3bnt l?na he P&#&dé&% A%%Qr ding; 1q the

i mge proces or o e presen invention ﬁa@ t'he

g?o:/ﬁag:s%rtlt bed cops;%lr gnt ga 5 £0 al algo&,gﬂ%ﬁgl F‘o é:afr%){_ P% Igr?ae i nt e}heool ation
h Th di 5

;Sn\allcragtnlezfl dpjracc):\e?lnheg slrrPalb |5‘r o%gg‘réleﬁ‘g tﬁgtcgirb’éé Q.CCOI’LB el %Qd g %‘ Le\iﬁinf:h

t he pi er sel ection pr ces tﬁmoge V\hlocfhtl§elee%t§s

interest Ol° the THW ra 61Ieu nﬁﬁles I"oca s (sige(f to a
Poew pi ié?ét?teﬁref&éiﬁ,' B %fb t%ﬁe*i o8 r&w.erﬁ'ﬁg ;%‘%ar ﬁ%éié. Sidnces
"mage ad) Seonrctne et B T EFAE) SartnabBefT Bictie Bt F 9 BLEL Y ver
g it oma e e
I owresol ution ??magedlél j ¥é‘lcen © tlﬁlgg;e)l e1°% |In?%e?celsatl r?gch}epgir%e Ifthereof
s T T 'e?%iseﬁ%ﬁ"?%% IR i

(E-D + (j/ % gC—B t he ba | %a Fng ~~~~Ph 2001 3A148 (~k)
14,48/ 11 ﬁﬁu)csﬁbw%%% pt48h cFoihop b paTT oR- 4000 Bk
as well as obtain image with sharpness.
The image processing method according to Claim 2 of the present
invention provides an image processing method which converts a

low-resolution image to a high-resolution image that includes a

pixel selection step for selecting a pixel of interest which is
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A of pixel of interest, data H of upper pixel, data C of |ower pixel, data
D of left pixel, data E of right pixel, the position of the new pilxeISHp, 07
j) which is represented by a distance-7i" in the horizontal direction and a
di stance "j" in the vertical direction fromthe pixel of interest to the
new pi xel . According to the inmage processing nethod of Claimb5 of the
present invention having the above-described construction, it is possible
to carry out the interpolation of image with a snmall operation anmount as
wel | as dbicatpdaat i arggsinidbh shesguess. aThexenuage pHnoensdiandgon evortei Ng
medi um according to claim®6 provides an i mage processing recordi ng nmedi um
accor di ngewdyGrergpat ednbadueddn phged X@krseh£fidrgns fiplsessréredneo s ch
sel ects data A of the pixel of interest of the | owresolution imge,
| ocat ed atnew posbit P @EGSEcA® pixdlsehafSferdtit@eppiadl @F LRtdAgteW y
created (hereinafter, referred to as "new pixel") between pixels of the
| owr esoludsipeat i vEge, kavhnghddipbskanses ehe howebvenit iad) anedd, Rhaalew, data B
of upper pixel of the |Ilowresolution inmage adjacent the pixel of interest
at upper sixde Hhesegdicudaktdok ofed QBRI oBtXEMirdf thhedi prere@eel bédwen Mage
adj acent the pixel of interest at |ower side thereof, data D of left pixel
of the | awer délnitOfY e TRGS: AdindOsdtiveleRec Hal pele10dr LAt &FRR!, 8bt4Bfilngsi de
thereof, and data E of right pixel of the lowresolution image adjacent the
pi xel of 4yt gﬁl@,%air?gf]vmgétoém@ bASILEE, AN ERer H0W Rhd &nedal deLiecul ation
process is one which calculates data F of new pi xel conposing the
hi gh-res | i f fanR= i  E= [ -:B), on the
L of tveRh LARGROI 8ot gﬁ@%@ﬁ'“gpfeﬁé i, et (ﬂ%kaad&l@g

1WWA8/) ~#~h 44 3894822 Vet i’F%i on tﬁeﬁ?{’si%ogg t’ﬁeocia%t%j éflthgfpi.){étler est,

data B of upper pixel, data C o wer pixel, data D o t pixe data E

of right Pi Xelerbbe, POS 14iQ2ePbnbde HEWLREXSherdailny baludthi Ch i's represent ed
by a distance "i" in the horizontal direction and"a distance "j" in the

vertical directiQn i than XRhqgOf pdJUREERE At HolieoPavy X8l o £ AGeOr di ng
to the image processing programrécording nediumof Claim®6 of the present

i nvent i onyrddenkS ; POSHE DL nhQ4 G E¥e UtbyBad it SHRA! 8540 2k 1 LARIR: Wit h a
smal | operation amount as well "as obtain an inage with sharpness. The inage

processor, Aaeidi 18 tarH abt Tepl LiCNIA3€06n | OY CIMAAN PIBYIIEHAD | TBge

processor according to aim4 in when gener ating e high-resolution
| mage havdﬂ&att%ﬁeamrasotvell as obtain an image with sharpness.

The image processing program recording medium according to
Claim 3 of the present invention has stored an image processing
program performing conversion of a low-resolution image into a high-
resolution image therein, which program includes a pixel selection
step for selecting a pixel of interest which is located at a position
closest to a pixel for interpolation to be newly generated between
pixels (hereinafter, simply referred to as "new pixel") and adjacent
pixels adjacent the pixel of interest, from the pixels of the
low-resolution image, respectively, and new pixel data calculation
step for obtaining the difference between the adjacent pixels

putting between the particular pixel, obtaining the amending value
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pi xel s in each of the horizontal and vertical direction for the SEP

| ow-resol ution i mge, the position of new pixel is set by making tLe 2002
absol ute val ue of the distance "i" in.ghe horizontal direction and that of
the distance "j" in the vertical direction fromthe pixel of interest be
1/°4, respectively, and the new pi xel data cal culating nmeans i s one which,
when cal culating data F1, F2, F3 and F4 of the new pixel |ocated at upper

| eft, upper right, lower left, lower right of the pixel of interest,
respecti val yhe adfizAsfi £ (dH fBetehéd)d{da Idhe @PiManeeSbyteadrcihat giskel
X=(1/2)(E-D)and Y=(j/2)(C B) and then cal cul ates F1=A-X-Y, F2=A+X-Y,

F3=A- X+Yoranftbdedeand theCRewi gickedlq bhe ¢dRGA aRLAGESEOIdath ChBddNof of the
present invention having the above-described construction, it is possible

to provi dgedfel BOEIPIRCERE0hatis WH ¢he MOED dMEBEPPLAII RF LhEerddmRgE  FROM
~ t~~o~plr 2001 3~149Ck) 14 48/ ~~14~44/ X~##~aav~at~~r ~ - ,1 | SEP ?pp2 -

12 to twitge gYFberedd: t Raaheht ZoAlingl $8EEd On and the vertical direction,
can make the appearance probability of error of pixel data uniform and

further realizetBeqi Ry Pt i RRgMdlbcds SR lorOBehAt b ATRY e Al Obt ai n
the image with sharpneSs. The | nmage processing nméthod according to Claim8

prOV'deso%”deEQezp690€ﬁé'PQe£EHJ“¥%V%%@@6ﬁ'H§bE&§(QH@ Mpavb ladd¥ g Bwhen

generating the high-resolution |1 nage having tw ce nunber of pixels in both

the h th
e Or'%pgakuéefioa'efk'fs%ogg{% th%%lrg:ryt%e abs%’T %&guaoo'fra%e e

position of new p pixel 1s set ma val ues of

di st ance i,n h tiQn L o ikhe

Vit i cal &Fpegtﬁgg§%rghkgﬁpiéﬂ éﬂdﬂ%% P%tggggt E °??%%§E§§§g%ﬁlvelyﬁ and the
pi xelg gghg gglculatlng process is one which, when cal culating data F1,

F2, F3 ang the new pi xel |ocated at upper Ieft upper right, |ower

1T b S bl R L Y g
Y210 2)(Grlfln0th U1 6h O e ERSAIGX ETARKYeo RAADK Yo

F4=A+X+Y.” AcCcor to t e | hage processing ne ams o the

bresent i gyentjon hay 090h 16 0V E-dles6h 1 B G005L IUGLT R1e Lhe! 5 a0S bl €

to provi I'iege "processing when i nterpolating the

| mge tod ﬁ%@ggt’]%fmi?{‘% i&a LA, 'iQEi&r?”{rgalagbd' e EL?&‘ Q@dat%kf‘sl‘ﬁ%h' cal

dlrectlon nake uni f or appearance pro it error prxel data,

and furt |1s n P l.at.i,0 I r nount

and can o tgfﬁégﬁe JXEPfé H£ h%h'% sétdk%géﬁafkgmp c%ﬁpgﬁgkg§€528 ) 14
48/ ~, 5#~ 14 44/ ~dJ UéJJasMI" 5L4 l/xé‘.l.tl ¢ wegn 1xelFs) %%2the The I
proceSS|ng progran1recor I'n nedlun1accord? armyrot- f%e present

i nvention r%vhdes qgge rogegglggt&ecor gg HFd'“”H%CCQEEéQQ %o Claim
érﬁ ea\un e? e e g%l e

6, in whi Fesol ut| W Cc€ nunber

Of.pl Xels I bOt;Lb{eE.hof the low-resolution image adjacent the pixel of

interest at upper side thereof, data C of lower pixel of the
low-resolution image adjacent the picture of interest at lower side
thereof, data D of left pixel of the low-resolution image adjacent
the pixel of interest at left side thereof, and data E of right pixel
of the low-resolution image adjacent the pixel of interest at right
side thereof, and the new pixel data calculation means is one which
calculates data F of new pixel composing the high-resolution image

by a formula of F=A+(i/2) (E-D) + (j/2) (C-B) on the basis of data
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hori zontal and vertical direction for the | owresolution imge, th§
position of new pixel is nade by setting the absol ute val ues of whd SEP 2002
di stance "i" in the horizontal directioon and the distance "j" in the
vertical direction fromthe pixel of interest be 1/4, respectively, and the
néw pi xel data cal cul ating process is one which, when calcul ating data F1,
F2, F3 and F4 of the new pixel |ocated at upper |eft, upper right, |ower
left, Iower right of the pixel of interest, respectively, by

F=A+(i / 2)(dr PLd] b2){{Tedes thr €M DI yuppd £ ph A6 BS a¥Eh id 23 (Ewb)} @aslel ,
Y=(j/2)(CB) and then cal cul ates F1=A-X-Y, F2=A+X-Y, F3=A-X+y, and
FA=A+X+Ydad€ a0IdH N@rtOpi RE1 ] NRARQ B 6€6SSJHY pRkOU| AR @681 €lidiy ofedheim of
Claim9 of the present invention having the above-described construction,

it i's pogsibbied10 (Br,0Yi)dghaen i {RYG presessédBbyPh0dl 3 dacondi ng v@di um

whi ch has recorded a programtherein which program when interpolating the
i mage twhg£i FUHERAr di Pet O RnidZ QN Ad L AHice€ey + G 3RE JiR ¥Rl tdigaltdbsection,
can make uni formthe appearance probability of error of pixel data, and
further, reah 616ald:iz@1t Be {Mt&rd} abi PRe W paxaiBl | operation anmpunt and
can obtain the inmage with sharpness. The image processor according to Caim
10 provi des anpb8BEe R RCCSALN i Ml pEbags § O gfab?é/%“ inophigh drlagepi xel

sel ection neans F ~, 1~~."rs~Ph 2001 31 ~14B (%) 14 49/3n?1114

44/ Xi ~S34 §ya@ {51 nvin eﬂ{ga1a"503e§g€sc?1q%d' Sof¥teu MR 6h S¢! Fg;p}rsg"i%@ep‘ of

pi xel of I nterest |oca t a position closest to a pixe

21 POl IR e RE Y BEDELARCL BREEL DAL G an S Tlok o ELATREHL O s

I oo S0l AoPrt kLS DB "k, ofatgh B0l Upper pixel of | ow rosol uti on
i mge adjgacg%?faatsot%ge?ns%%@eof ttﬁesp?{x%fégf' interest, data C of | ower
I R P R L e A B T i S
the dat a AVOF Dok ARt e af oo bPafer S mplhd e Pl SRR ey

pi xel ang g_newgli_csr;t q:ri,\%_egé%(;li&fe:lgii\égr{)%&cféﬁsdiiéegﬁé %ifckogéig%rspi&?@é of

interest to the new pi . Acco e I hage processor alm 10 of

the presgniy ié%‘éeggicg:[‘ JrRYhPg-L e o%bwee'l\‘%ﬁ?g%é&‘?ﬂiﬁsﬂ”ﬁ&ar CUY Qe dd at S

possi ble to provide an i hage processor can’interpol’ate an I nage in
the verticals i eChi oMW tB d §3RePRLALA QL RTRYIE, 380Gy G005 1 N
(hereinafter, referred to as "new plxel") between pixels of the
low-resolution image having distances of “1” between adjacent pixels,
data B of upper pixel of the low-resolution image adjacent the pixel
of interest at upper side therecof, data C of lower pixel of the
low-resolution image adjacent the pixel of interest at lower side
thereof, data D of left pixel of the low-resolution image adjacent
the pixel of interest at left side thereof, and data E of right pixel
of the low-resolution image adjacent the pixel of interest at right
side thereof, and the new pixel data calculation process is one which
calculates data F of new pixel composing the high-resolution image

by a formula of F=A+{i/2) (E-D) + (j/2) (C-B) on the basis of data
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a high-quality image with sharpness. The i mage processi ng net hod according
to daim1l1ll of the present invention provides an i nage processi ngwpt%gpj 2002
according to Claim2 in which the pixelo-sel ection process is one whic
selects data A of pixel of interest |ocated at a position closest to a
pi'xel for interpolation to be newly generated (hereinafter, sinply referred
to as "new pixel") between pixels of |Iowresolution inage having a distance
bet ween adj acent pixels being "1", data B of upper pixel of |owresolution
i mage adjpacempixel appeteségde ahtd Beopiuppbr pixROM dadald ofatiple r20ikk1,
3A14ACK) 14 49/ ~r A14~44/ ~3803823524 P 18 -15 ,~ 7 SEQ 2002 of interest, data
C of | owalatpi Bedf ofe ftOWikespl AddOE ioFngegRel| Ficent, dhe | ¥ ishdet ahet he

pi xel of interest, and the new pixel data cal cul ati on process is one which
cal cul at egwdptiaet of, tHip MAWWIxerebYedoh¥dNya 20fdiEEAMcd j 7i2) iCeBy on the
basis of the data A of pixel of interest, data B of upper pixel, data C of

| ower pi%@lkizaR€at e rdi-et8ACd Ja’ di Brdde vert{calhedieecidAngl Faunitdae pi xel
of interest to the new pixel. According to the imge processing nmethod of

G aim 11 bnt BRe PEBRAN £l ANEHLENN RAYhBIndhe3RQVe- descri bed construction,
it is possible to obtain an i nage processi ng nethod which can interpol ate
an image in theckerhi£§l tAitheCinQfe Wrld2e8si£§ SnetBlabs ot AFOYNS £ ahd whi ch
can obtain a high-quality inmage wth sharpness. The i mage processing

program reeQedi NonvEHiWN AG6oRHI i b8othakdlckd el LOSsRnRIeBh, IveRtion
provi des an i mage processing programrecordi ng nedium according to Caim3

| whi ch g3 B el o SELer) | O PERCeRRdBoRaei i 6F SRIELLA Hata shagt pi xel

ocated af a position st to a pix rinterpolation to

i nter
&”e""‘ y &%QEE%R;’?A&%&GHQ%EH 2 IdRLYn" & %.rn[a%g EQtl?‘ssﬁ'ar}g .BLxel ") between

pi xel s of "l owresolution 1nmage having a distan et ween "adj acent pixels

bei "1", dat [ . t ] ' ' t at
o doof the pi YAF arePREostsihs o iRl Re SRPE S S EE I & o

| mage adlg;gl%%@heét an YR, eSFgScé’és%e é‘%%égt{iiﬁ nie'&&ﬁ{geéécox%l gt P& AEWPI Xel

dat a cal atron process s one cul ates data F of “the new pi xel by

01155 £ty 0 0, e B o

ata r aoM ~a~~~ ~r #l
44/ 63803%2§§26he Jp?.xéi:Gof 1n€e§ggt Z¥0¢%ne low-resolution image, located at

a position closest to a pixel for interpolation to be newly created
(hereinafter, referred to as "new pixel") between pixels of the
low-resolution image having distances of “1” between adjacent pixels,
data B of upper pixel of the low-resolution image adjacent the pixel
of interest at upper side thereof, data C of lower pixel of the
low-resolution image adjacent the pixel of interest at lower side
thereof, data D of left pixel of the low-resolution image adjacent
the pixel of interest at left side thereof, and data E of right pixel
of the low-resolution image adjacent the pixel of interest at right
side thereof, and the new pixel data calculation process is one which
calculates data F of new pixel composing the high-resolution image

by a formula of F=A+(i/2) (E-D) + (j/2) (C-B) on the basis of data
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B of upper pixel, data C of |ower pixel and the distance "j" in the
vertical direction fromthe pixel of interest to the new pixel. AtdoﬁﬂPn

to the inage processing programrecordiing nmediumof Caim12 of the present
i nvention having the above-described construction, it is possible to obtain
an i mage processing program recording nediuntmhich havi ng recorded a
program t herein, which programcan interpolate an inmage in the verti cal
direction with a | ess operation anount and which can obtain a high-quality
i mage W hho s Bakpness i ndéeed4TRgat PBOSLTPPer FA&RN (lidig at © o€l Rdwarlgiafl ,t he
present invention provides an inmage processor according to Claim110 in

whi ch whaatgepesatlidid pige i Oat£30bHt £ Oght FAGR 1Navhdpdswic en Neide of
pi xels in the vertical direction for the |owresolution image, the posltlon

of new pin¥gl pigeiOE, by) s@litding st hepabsahdd£ pialaugigtafdle di-stianege”j " in
the vertical direction fromthe pi xel of interest be 1/4, and the new pi xel

data cal gik-2bb e IeARSChIoRNEM I allseuien -gal chilchll Do it BRrafd o0 of new

pi xel which are adjacent at upper and | owel of the pix i nterest,

respect i el oY 21 1 300L, EAY LR GsBls 08l cul ates ¥=(/2) (C B

previously, and then cal cul ates FS=A- X and F6=A+y, According to the inmage

brocessor of - Cyab ik 43, 91 M8 oI RSN BYEDLA 91D GV ERG, JNGARRUBIgRCT | Ded

construction, I'S POSSI l'e to P an | ge "processor can,

i nter pol g egagxgbti BOSHEOLULCR: [ hBle R i Cds dheenlloho BBKE il i orm

appear ance pro I|ty of P&rror I Xe data orntlnterp ation with a

M 5 3R Encdrdiae 1680 %%@EQJM{L% ?&élﬁ%ﬁeﬁﬁéégfﬁgﬁ%ffé% GefPasl? .9 7

Z002 Tess o |on anount and obt al

rpnessg, . Ihe %é:?ﬁ? r%%%ﬁskﬂﬁ%éS§%Q0d accordlng to Cla|n119 of the present

|nvent|on prOV| e processing nethod according to Claim1l in
whi ch, when geQ%ratlng cégsq!utkpgdagagg hgyéﬂg ;vmge nunber L pi xel s
in the vertical g F8etio sai o 10w T edof Ut rof I mage, the Bt pos| fon of

nEM/pIX6| e have he ab | ut e alue of a |st ' e,vertical
i reet ot EBREER S e G ?%rsg Set%rgai?ar A W M

cal cul ati on process J S e i en.calcul ating.the data F5 and F6 of
t he new pI%XG| IFBe t(:%gup)é/g cqut‘)lﬁé?n meatgneelhp?i"e'? 3 lcfanf‘eSkes

I‘stlple(zl'; I(\éelé ’lsbyn egcc}x m'g %h%f hgrl +<grl\;/a%.) (a B)Iertplca Li%'egtlc?r{ Cf?j:lrattgg

low-resolution image, the position of new pixel is set by making
the absolute value of the distance "i" in the horizontal direction
and that of the distance "j" in the vertical direction from the pixel
of interest be 1/4, respectively, and the new pixel data calculating
means is one which, when calculating data F1l, F2, F3 and F4 of the
new pixel located at upper left, upper right, lower left, lower right
of the pixel of interest, respectively, by F=A+(i/2)(E-
D)+(j/2)(C-B), previously calculates X=(i/2)(E-D)and ¥=(j/2)(C-
B) and then calculates Fl1=A-X-Y, F2=A+X~Y, F3=A-X+Y, and F4=A+X+Y.

According to the image processor of Claim 7 of the present
invention having the above-described construction, it is possible

to provide an image processor in which, when interpolating the image
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and then cal cul ates F5=A-X and F6=A+Y. According to the inmage processing
met hod of Caim 14 of the present invention having the above-descfifbeSfp 2002
construction, it is possible to provid&-an i mage processi ng net hod which,
ininterpolating an image to twice in the vertical direction, can nake

uni f orm appear ance probability of error o pixel data, and can perform
interpolation with a |l ess operation anount and obtain a high-quality inage
wi th sharpness. The image processing program recordi ng nedi um according to
Claim 15 @f tdizegpresedr i vethiée ONopi dHtAAS drechiige phdcCessi ngrpiradr am
according to Claim12 in which, when generating the high-resol ution inage
havi ng twWiaedctigher cah nireclthel AppéLraresed peabalshi Iiegt b@ne fr bifepixel

| ow-resol ution i mge, the position of the new pixel is nade have the

absol ut e ¥ddiain@ffopmdbrd A gy’ rie@llihe #es tintkakpol MG with~al smd 3Pl t 2001
314A ; ~k> 14 50/ 3ri ~t 14. 44/' 5~3803823524 P 21 - 18 17 SE P Z002 direction
fromthe gheweltioh bRbeiedndebtbdn eyl imageneyncpistrirpdata. cal cul ation
process is one which, when cal culating data F5 and F6 of the new pi xel

| ocated at uppefhalfabeWiocakstiig Miivhel Medrdtiagesd c14 86 pegidviaey, aiby a
formula of F=A+(j/2)(C-B), previously calculates Y=(j/2)(CB) and then

cal cul at egndgrpr e nighmthbd ARG d O14ies 5 ARGE cRMPLRASAENRGaPIRYr am

recordi ng nmedi um of C aim 15 of the present invention having the

above- desg{d RednCPOSS THGONO madd hheiRPIHibE Gun@eP S biigs AN 1h R BOCESSI ng
program recording nmediumwhich, in interpolating an inage to twice in the

vertical ﬂf%t%&arE‘cﬁOeP@f@alUHU:Q&E@&PP@@&%@Cl%wﬂfc@?é?&tliiérﬁ/iﬂgé%rﬂ% of

p!’pl data, and can performinterpolation with a | ess operati on anmount and
oB®ai n

a ?&Qih:‘i%:ﬁakkt oW fm%msflses%gpﬂsmg BRLER, SRR PI1 (Y GF ORAW NGS

Figure 1 1s a flow chart” show ng an operati'on procedure of a calculation
procedur ey 0f DRI a5 11 Y 165 Yl L 0P £OM4EISk 90n OfndS the TaPL&Elcd MBEE {0 X X Y

pi xel inmage 1n the inage processor according to the first enbodinent of the

present | Byentb00; i OWigedel 5o 2 (LROTAHD | bLUSE 1 BET NG cbbEs POBLI Oy Of new

pi xel which is interpolate y the 1 mage processor according to the first

embodi m?nL? ectél%.eag?%%attﬂe%eﬁgi erh-dﬂagggfqﬁ;tinafp%eggm%ngwhallgn;he

position of mew pixel in a case where 700 pieces of original pixels in 1

e are Wbeldalatadiy A0 F10VE R %P Smd F9UE the 8@ HLAAM 3Bbated
illustrating the interpolation posifion
at upper left, upper right, lower left, lower right of the pixel
of interest, respectively, by F=A+(i/2) (E-D)+(j/2)(C-B),
previously calculates X=(i/2)(E-D)and Y=(j/2)(C-B) and then
calculates Fl=A-X-Y, F2=A+X-Y, F3=A-X+Y, and F4=A+X+Y.
According to the image processing method of Claim 8 of the
present invention having the above-described construction, it is
possible to provide an image processing method which can, when
interpolating the image to twice number both in the horizontal
direction and the vertical direction, make uniform the appearance
probability of error of pixel data, and further, can realize the

interpolation with a small operation amount and can obtain the image

with sharpness.
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SEP 2002 -19 of pixels according to the conventional |inear interpal t$&ﬁ1.2002
Figure 5 is a diagramillustrating theisi-ntensity of new pixel which is

interpolated by the i mage processor according to the first enbodi nent of
the present invention. Figure 6 is a diagramillustrating the pixel
arrangenent when the conventional inmage processing nethod perforns

resol ution conversion to twi ce nunber of pixels in the horizontal and
vertical directihensmagesnecicseehy. pfoquane récosd imgdimagi @amadclonainqttong t he
position of new pixel interpolated by the i mge processor according to the
second emiadimmento foftHeh@raseaentinveredn oproviidger and imdga@ brevesshagt

showi ng a cal cul ati on procedure for performng resolution conversion from

an i mage ekokaihd aeldaumIdEoraiagtic aha 2406 Pi KIS chOwH §@dHatlinG4heX
vertical 480 pixels with interpolating to twi ce nunber of pixels in the

hori zont &; R0de¥6Td¢ LH iHaGBChEPLSy €BIREGUNYEE Yot iglxels L ARG HORAEESSOr
according to the second enbodi nent” of the present invention. Figure 9 is a

di agr am ifdrysbhahi G4l {6 PRSI & Ok M1 Reps PEEE WDEEdb 1 i 1bRT SR alned by the
i mge processor according to the third enbodi nent of the present invention.

Figure i%&s&t@oﬂ'&ﬁ”n@@%itxe‘i@!é‘@n(%eaﬂ QRBEAhL L WhPROSSAW LY S Dlie PBE M NG
resol uti on conversion from horizontal 320 x“vertical 240 pixels to

nor | 200t al; 20K VEF U6 ahedB0: PSR Wiho K P1A0l 8hi Nk didll o ngrbEr Of

pixels in the vertical direction in the image processor according to the

third emigli neote Qfaqt hg; PLESERHM ERYRNERQN. p1xTRQM ~ 1l &fd 515 ~5E9AN 42001
3148 Ok) 14 — 51/ A114, 44/ 63803823524 P 23 - ,~ 7 SEP 2-o0z -2U Figure 11

oo oot BT PSS OB G I L R O BhESE R,
when calculating data F1l, F2, F3 and F4 of the new pixel located
at upper left, upper right, lower left, lower right of the pixel
of interest, respectively, by F=A+(i/2)(E-D)+(3/2)(C-B),
previously calculates X=(i/2)(E~D)and Y=(j/2)(C~B) and then
calculates Fl=A-X-Y, F2=A+X-Y, F3=A-X+Y, and F4=A+X+Y.

According to the image processing program recording medium
of Claim 9 of the present invention having the above-described
construction, it is possible to provide an image processing program
recording medium which has recorded a program therein which program,
when interpolating the image twice number in the horizontal
direction and the vertical direction, can make uniform the
appearance probability of error of pixel data, and further, can
realize the interpolation with a small operation amount and can
obtain the image with sharpness.

The image processor according to Claim 10 provides an image

processor according to Claim 1 in which the pixel selection means
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Figure 12 is a block diagram show ng the construction of the inage
processor according to the second enbodi ment of the present inventiph. SEP 2002
Figure 13 is a block diagram show ng -tihe construction of the inmge
processor according to the third enbodi nent of the present invention.
Figure 14 is a diagram showi ng an exanple of a situation where the inage
processor as a target of the present invention is enployed. REST MODE FOR
CARRYI NG QUT THE | NVENTI ON Herei nafter, the present enbodinent will be
descri bedswrddwh gfteselawr & @atd gwepixdher anbedesenbe sheoat Rggasiksop ust an
exanple and the present invention is not limted to the enbodi nent.

(Enbodi menbsdgt The idregexdr 0¢esSAmtaepol shitth t€ot Be fﬂeﬁﬁ}' ejhedipant of the
present invention is one in which conversion of |owresolution inage into
hi gh-r esghdté Ol f 4 Csidp BAEicegr St DY PRIlOFIRANG )i BEBFRQl pLid1G by a
sinple configuration. That is, a pixel of original imge that is closet to
the posi tibQDr&f0NAWORI Paflgel v iindt £HPOE i dPPe t e drtkPih 28 t iRk X8 lbe@hg
interest, the difference between adjacent pixel data which is a pixel of

original »i mage +arg -gdj bik& 6achRtReb: PLid mﬂaés)@tamﬁg&wgt 3 EBQM ~
~#~~#Ph 2001 31A48 (~K)" .4.51/i"' ~rAl4. 44/ ~3903823524 24 -21 f SEP zooz

pi xel of At &Jeste £§x@p53iﬂﬁ%gre§@g ahbg Cr@§P$VLePf>iM LERbLCALdARL@bnt he

rati o between the di stance between the pixel of interest and the new pixel

and the dj . j t ol : Lff hsyadded to
ghggieg&dgjfa%t%h\ées@ 1%@%5?%@&%@ el @%'ﬁlélaagfi ihherdid f ah8NGR hew

t he pi xe _ he pixel" Interest, ‘thereby generating the pixel data
of the newypi xglra Eegy§§?§ié5,§§lé? L agr 8f i URt £ ALdNG kB PASEd PRRET new

axel which is interpo e I mage processor according to the first

odi m3'ﬂ%wogiﬁélebw??j%'}huhgvﬂq%isﬂﬂ- (1/2)f i&_%etoﬁéu{ggﬁsgfé $£207e kqugh 209

are original” pixelS adjacent to eachother in rizontal or vertical

direction u¢ x@l%%gktgpéﬂ,vﬂktgfls L;fs"uppusm;{,?él,Z&Q;Q%n@f 95wér ReWePI Xel

which is generated by interpolating | owresolution | nage, whose intensity

i s represent by: k. ek al , d a i : intecest_wmhiychei s the
closegt %ggng€?ﬁ¥¥£an§%o,Ewmﬁ%ﬁéﬁhgg?%%%ﬁéﬁg§é§#l uég?gléﬁgdﬁyg%ogf 204 and
206 denotgﬁgpggé (;gﬁk, | ower_pi xel, left pixel, respectively, which are

of 1

adjacentl e pl xe i At erest 05, and are

According to the image processor of Claim 10 of the present
invention having the above-described construction, it is possible
to provide an image processor which can interpolate an image in the
vertical direction with less operation amount and which can obtain
a high~quality image with sharpness.

The image processing method according to Claim 11 of the
present invention provides an image processing method according to
Claim 2 in which the pixel selection process is one which selects
data A of pixel of interest located at a position closest to a pixel
for interpolation to be newly generated (hereinafter, simply
referred to as "new pixel") between pixels of low-resoclution image
having a distance between adjacent pixels being "1", data B of upper

pixel of low-resolution image adjacent at upper side of the pixel
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situated at upper side, |lower side, |eft-hand side, and right-hand side,

respectively, with relative to the pixel of interest 205, and mhicEngEP 2002
adj acent the pixel of interest 205 andshave intensity B, C, D and'E,
respectively. Further, "i" denotes the distance between pixel of interest

205 and new pi xel 210 in the horizontal direction, and "j" presents the

di stance between pi xel of interest 205 and new pi xel 210 in the vertical
direction, and right hand direction and downward direction are assuned to

be positbyeintHi@skNt &N tYof 18he PR RILXEE 13%0rd o1l oH| Afad &ysalceacf ornul a
FROM ~, | & ~o~ph of 2001 3A14A (~k) 14 51/~tAl 4 44/ ~C ~3803829524 P 25 ~1 7
SEP ZppZat22oGeiteide?)d £ dlet (il ( GF Bl nt &acausanhhensd i&r Ralall @gepoint is
previously known in this formula, (i/2) and (1/2) can be provided as

const ant §,pef, pL &N dr 0286 HREEEL QG entd AYAPELE Qleald BBScKY nOPYAELON
required for calculating the intensity F requires twice of multiplication

and four pti e ph1adH FLRR @r/zSUFéI@)%h%ef Bhs £RloFUl il WRYa taheridikensi ty F.
On the contrary, the conventional linear interpolation requires six times

of multiplei £¢d QL aNdath e olel BBSe Phiadd] tdAn BroSYBLEAGTHAR, T4 the
‘calculating the intensity of new pixel, thereby the inmage processor

accor di ng; kR hde 5o $h epbodi-AERL10d; {NR 1BREFESH chBVSINd10B fifliddgs | ess

cal cul ati on anount t%an the conventional |inear interpolation. Next,
intensity F.pl Qaw &éﬁ[ 210 will be briefly described with taking the
hori zont al alrectl n of figure 2 as an exanple. Figure 5 is a diagram

L ustrating theckbhensidd gt HEMPLKelosa Lo daterpolal ed By dipe | mmge

cessor accor odi nen resent invention. Here,

A O T LB L el e I,

will be eferri gur is a diagr

1] ust 1 atigs an nge. 1y SRl e, Ji9ho8 TR L6PLAO0pdiiE ] MROe | S

represen?@ !n one |nep5|op a X en! _an I mage 1S pr sent ed ih t he
gl";géff‘gf‘a'n MLFETHOML ALY €5 LI GRSLLY A o PRYC1bEs RHpEREPI S akBuhbiGnyer ti cal
which can obtain a high-quality image with sharpness.
The image processing program recording medium according to
Claim 12 of the present invention provides an image processing
program recording medium according to Claim 3 in which the pixel
selection process is one which selects data A of pixel of interest
located at a position closest to a pixel for interpolation to be
newly generated (hereinafter, simply referred to as "new pixel")
between pixels of low-resolution image having a distance between
adjacent pixels being "1", data B of upper pixel of low-resoclution
image adjacent at upper side of the pixel of interest, data C of
lower pixel of low-resolution image adjacent at lower side of the
pixel of interest, and the new pixel data calculation process is

one which calculates data F of the new pixel by a formula of F=A+

(j/2) (C-B) on the basis of the data A of pixel of interest, data
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FROM ~, ~&f i -ia~pl T 2001 3F~14B Wk) 14. 53/ nl4 ~ 52/i$3803823525 P 2 17 SEP

ZpOZ In figure 5, the ordinate presents a intensity and the absciqu%Ep 2002

presents the distance in the horizont-db-direction in figure 2, Nurterals

209, 205, 206, 210 and i denote the sane elenents as shown in figure 2.

Nuneral 501 denotes a intensity curved line (actually, intensity curved

pl ane) of |owresolution imge, 502 denotes a |ine presenting positions

whi ch are apart only by the distance "i" froma pixel of interest 205, 503

denot es B ¢1 mepeurpiststli,ndatm GOprEgiowdr pixel apthndiabanee gijfaln phgel 206,

504 denotes a line which is parallel with Iine 506 and connects a pixel of

i nt er est véobtieald dH neewipn xEtor? the pd%etembtieetrhet pixdlhei néwerpiade lof

| ow-resol ution i mge, 506 denotes a |line connecting a pixel of interest 205

and an ori gi nahcpox@ing @6, the7ineyropescas €1ras pirAgra0iddcollihg r@d308 and

| ine 506, which is a new pixel interpolated by the conventional |inear

i nt er pol aEi onainrurd e .theupeesén©0hvietabashaingitdleaapevdaisseenbed i gi nal

pi xel 204 and original pixel 206. In order to clarify the difference with

the conveshkonadtidmeat isNbesPObE itdNobididr hitaiyet YrddesAingbriogehmori gi nal

pi xel s 204, 205 and 206 are assuned to be D<E<A. Wen nuneral 501 denotes

an ori gi pakot @i Siddt ukUiMeeh | AEL R rle@BE8ed id prvgranUbRskdifgt waLéwi nal

i mge pixels are sanpled at even intervals in the horizontal direction such

as 204, 208q28f ZRP0infbrpdistd aABindde inntRE RRAIARLE D didledtabnti@n a

|nterpolateg points on a straight Iine 502 are assuned to be obtained. As a

ref erencgeskpera@n WrehatldiediidEgh lagltaih%nhRiai\iﬂh%raﬁ.Qﬁﬁﬁla & R@tgr 0ssing
nt of straight Iine 506 connecting pixel F ~; ~#~0~Ph %001 3A48 (~k)
53/ ~#3hdrpréks ~~3803823525 P 3 _ ~ ~ , 17 SEP Q002 -24205 and pixel 206

and straight |ine 502 becones an interpolation data. In contrast thereto,

the intersecti @leP2hide Ogtr&ets%!agegg:c_é){'dix? QRSichXiRULYese | {Me Rbsbhe

position of pixel 205" and straight Iine 502 is assuned to be an

i nterpol ahieRefad roPiddd 8h imd%mssgi' 4@ rBE £ BLcT AIMEIY LARMiEHT L her,

approximately, the gradient of "a tangent at pixel 205 Is assured to be

equal toyhBg gERdiANt OknstE Ahie sbh 081 SP3AnQBNRSTIAY i X8l ndfikapd pi xel
206. According to this assunption, the straight Iine 504 having the sane

i nclinat ipQRe s ihenstyaitdhtl i@ Q3n Ad cwhi LRSS EScLdH 9HO4e | R Pi Xel
205 can be obtai ned, and further, new pixel 210 as interpol ated data can be

f)lbh gi ggg pRE1ten WORSH NK-RAI BE Rdd B Sdttdinghind iaB8o20¢ dadubher theai ght

Aistance *j"* in the vertical direction from the pixel of interest
be 1/4, and the new pixel data calculation means is one which, when
calculating data F5 and F6 of new pixel which are adjacent at upper
and lower of the pixel of interest, respectively, by a formula of
F=A+(j/2)(C-B), calculates Y=(j/2)(C-B) previously, and then
calculates F5=A~X and F6=A+Y.

According to the image processor of Claim 13 of the present
invention having the above-described construction, it is possible
to provide an image processor which can, in interpolating an image

to twice in the wvertical direction, make uniform appearance

probability of error of pixel data, perform interpolation with a
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By assumi ng as above, the process is actually performed such that the
intensity of the pixel 204 is subtracted fromthat of the pixel 20p,] OFP 2002
result is multiplied by a ratio betwedh-the distance "i~ and the distance
509, and the result is added to the intensity of pixel 205, thereby it
beconmes possible to obtain an interpolation result by quite an easy
processing. In order to produce an actual formula, when the intensity of

pi xel 204 is assunmed to be "D', the intensity of pixel 205 be "A", the

i nt ensi t yeod opexet id06mbent Eid obheidiadtighegqudDitbemd @ witt shampn@sst he
interval of abutted pixels » 1" ) and the distance 510 be "i", the
intensity F of Théeimagel pit@sisingi Methdy Feedtding) {&-d)aimiiidcbfi shguite a
sinple formula requiring only one tine FROM ~; ! &' s~Ph 2001 3Y~14B nk)
14~53/ ~~phe S 380382 B65R pridvddes ,dh TnSRP p£OCEs $ild mpthédtaceBranty two ti mes
addition or subtraction. As shown in figure 5 while the intensity of new
pi xel 50F1dM Ciy iih WHiRhpOkAERdgdierdtengony et idstahtibneatadenharpsd ation
anounts to the average of intensity A and E, the inmge processor according
to the firuste eyt Gae16bEAI Bréi @gérciualll 1M rbBBOSh Wdrh sehar peess si nce
the intensity of new pixel 210 which is interpolated by the inage processor

is not |iraképekidh PRAYELENE RRsBL 8ASIrtNew D Bl ks mEHEWaRekhe Sosp1Rkeck
di agram showi ng the construction of the imge processor according to the

first empadhdedt .a lddskibgusen 4, muRer fdrdilkdh depotesord rbec e PakE1 means
which is configured as follows. To be specific, nunmeral 1101 denotes a

lower |ige MdaYasctWBEERgrB4E RS e inke bR da@W & £5A1WLEGR prHRESs
nuentl ally froman original pixel data at upper end of frane, 1102

otes asmgldhaikhnaMERaYcuhitihd @681 ¥aS @5 ddS FisNBEenkhRe@ iRkl Of
| ower line nmenory 1101, 1103 denotes an upper |ine nenory which receives as

its i npulotBCe®WePUbp&f dHaddbGert icReL NEMRLY1 1P ne8RCd | HBSp ORI yhas a
storage capacity for storing the original pixels of |ow resolution imge up

to 1 1ingyirdhtinasd Zﬂl%'j/gi)f@?ﬁi;%eﬁ%@sh?_&‘ﬁ@i‘éﬁeé he gl desé-migta of 1

pi xel anpng stored data if "one pixel data is”input en the nenory storage
is fill egnd@ﬁ‘iér@%&lcﬁ&%egeﬁ‘@lzﬁﬁ aRquppe{+¥nd processing path for copying

i nstantaneously the data which is stored in the mddle |Iine nenory 1102 to

the upper [ine,pegPayng A3 cAL {fiQe pASE ARG nEfHbPLRCESSINYs SNend104

denot es
present invention having the above-described construction, it is

possible to provide an image processing method which, in
interpolating an image to twice in the vertical direction, can make
uniform appearance probability of error of pixel data, and can
perform interpolation with a less operation amount and obtain a
high-quality image with sharpness,

The image processing program recording medium according to
Claim 15 of the present invention provides an image processing
program according to Claim 12 in which, when generating the
high-resolution image having twice number of pixels in the vertical
direction for the low-resolution image, the position of the new pixel

is made have the absolute value of a distance "3j" in the vertical
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a fower end processing path for instantaneously copying the data igE IS
stored in the mddle line nenory 1102-t% the lower line menory 11 Pt 4
flame | ower end processing. Further, numeral 1132 denotes a data buffer
means that is configured as follows. To be specific, nuneral 1107 denotes a
right pixel data buffer, 1108 denotes a pixel of interest data buffer, 1109
denotes a left pixel data buffer, 1110 denotes a | ower right pixel data
buffer, Xikécdéonteomathewdrxkep xelirdatrasbudd ev4, hhti?tidenetvasix@n dggeer ri ght
pi xel data buffer, and 1113 denotes an upper pixel data buffer, each data
buffer | sacslathge mapecist Ysfoate sthhaehnpgwiterdabacofatling ¥eta trsnpadard |y, and
out put the data which is stored beforehand when the data of 1 pixel is

i nput. Futt e fuwepikel 106 Hr0tHS @ppa taRndidifelCesSitNg [Eika 1f @t copyi ng
i nstant aneously the data which is stored in the pixel of interest data
buffer 1LQ8etresthadsghictpiryey, data rbuhlies c¥189nalj @ flcasey, Ikl icnshy
processi ng. Further, nuneral 1130 denotes a pixel selection neans that is
constructedchYagel i ne(yEMQIALBTEaRS dlehl canduda e arshulkesndeana+il32.
Further, nuneral 1133 denotes a new pixel data arithmetic neans for

obt ai ni ng the daicarafingeve pm@elimb?atpﬂ&éé@mﬁgrwqumaﬁeé&ldi@wsmea'mbe
specific, nuneral 1114 denotes a horizontal subtracter for obtaining the

di fferencs idlaliRe1806F 20Md 8l r Hen@Clh08nt Idnl HaVENG £ mpERELLES ripdt ract er
for obtaining the difference in the F ROM ~, ~~; ~~Ph 2001

3A148( ~K)olhssizAldr 524 $3803823625 (B Hrdvk & %Rm%%@%qro}é@&éi&@br%fﬁ@t i on,

6 denotes a horizontal arithmetic device for tdining the correction

vIPue i n 8o 200 Aln Uhi Gl 4D 4ntlLLoAN0ILS, KA Gal, cal ol @lor for

obtaining the cofrection value in the Vvertical direction, 1139 denotes a

new pi Xe've@%&%aﬁ@ii“r!é'c%FBfé ¢ o AAALAY f3Gnl eg%ﬁﬁ}’r?@[ﬁ"eip%ﬁ“’f tergi naf ter,

t he di stance from pi xe interest to new pi xe cri bed by one

di mensi o 9151 Tl dof 1 GALI Ak pEEBULE 15k eosali0r arni Ll YSid aLLog: e

posi tion of neM/plxgr e pi eces of original pixels one
line are amount and obtain a high-guality image with sharpness.

BRIEF DESCRIPTION OF DRAWINGS

Figure 1 is a flow chart showing an operation procedure of
a calculation procedure of performing resolution conversion of S
x T pixel image to X x Y pixel image in the image processor according
to the first embodiment of the present invention.

Figure 2 is a diagram illustrating the position of new pixel
which is interpolated by the image processor according to the first
embodiment of the present invention.

Figure 3 is a diagram showing the position of new pixel in
a case where 700 pieces of original pixels in 1 line are interpolated
by 1000 new pixels.

Figure 4 is a diagram illustrating the interpolation position
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interpolated by 1000 pieces of new pixels. In figure 3, numeral 301 denotes
an axis representing horizontal direction of the flame, and pO, % é and
p3 denote original pixels which repregent the positions on the ax S g R
enpl oying an arrow, respectively, and assunes the pixel interval be "1".
The qO0, qgl, g2 and g3 denote new pixels which represent the positions on
the axis 301 enpl oying an arrow, respectively, each figure in parenthesis
is pixel position which is represented by the distance fromthe original

pi xel phr Nigelal ad AYOESS thdecdRidntiona Of 1 AW PixCérp¥liaghioh S _
represented by a formdividing the distance fromthe original pixel pO into

an integral pailguaads %s@?@ﬁ%&aﬂ%&us%@édrﬂfth@tﬁﬁ%ﬁhﬂﬁbk mhepr1s the
position of a pixel of interést against new pixel and the decinmal part

present spfihe i %Lﬁ@@?oié@éﬁ @ypﬁﬁ@llmgtge'ﬂlro‘é&§§$r anB?M‘ﬁ.er %6ltHeNs Stith a
manner that the absolute val Ue of deCinmal part does not” exceed a threshold

of 0.5. é:nﬁfodiiﬂx%k@%?’t}ﬂae‘é&r@séﬁ OvdigSion.FROM ~; ! &*Sa~ph 2001 3A 46 (-~k)
14. 54/ A114 ~ 52/ 3E03823 P 7 -28 ~9 7 "SEP ~pp~ a distance fromthe

ori gi nal pi xelg;p0, e qglﬁg}ag@m 9600 1S IEnS TR | DA ILRBRAAA L and

deci mal part not” excee , results in ans the pixel of

I nteresty t?eqal:gé\;eirpcq\gng Xgaléne% J%sﬁﬁbggﬂé@hog' )b%lrfggms ands &N\ idnSt ance

fromthe original pixe n Wplxe urt her, new pixel (¢l

has a digly r%I?c%l oh X8 tth§ Qr'x&'bl’%i’"of’?x qnb&'lé‘ﬂo{)i% rg%'ldal% Vkgiigit he same

into integral part ecl ma éxceed ul'ts 1n 1-0. 3,
whi ch | er of . ntgrest agai nst new pi er gl is the original
'x &r}:r? tlﬁ’g di ST g?ﬁ the ori g| naI p| xel pI to new pi xel gl is
3. Nurrer al 303 de 01 es he 0S|, i xel i S ent ed by
scaling the de%’i%l ‘% S pb'ﬁél&‘f rnatéb‘ﬁ rﬁ Soi}fzmnlﬂ 'ﬁé’ gct%al
i nt er pol atl aon g_a Hl %tl o‘%{ the di st ance it " fr QM i er of | nt er est
ed ko)

to new erxeelr 1199% o PHRCEH oy%ccf?rdlm?he cal"Sul 298T, the

deci mal dl S, %cat %é ntosllng bef rehand and the integral part and t he
deci mal % 1% é{lré1 U RESR the" Ute val ue of the decimal part not

exceedi ng threshold f 0.2 th r the thre value oht ai ned by
mul tiplying o "5 GF h’es & g]eo a£§| hnoamﬁlear‘g i lont Wéocoegeurrat ?on of line

menory nean 132 W escrlb stly,
The_ bast Eomaaobetr {1 e Heatrriear Sf'Fﬁ a?smaag@ag frcs %m?%nd
processing (described later) is not rel ' it has, nQg relation to

flame entVEFHEedkidtd, pl‘ﬁﬁl?ltﬁehﬁﬁhﬁ?vaﬁ%éﬁg ’fLIS‘it’aﬁﬁ} ¢R% REFEISHEFFRr neans
1132 st d h full st t 2001 3f~14B
() 14 Bt dhr 3R0ses e by oF phitls THOAICERECIA £

vertical directions, respectively, in the image processor according
to the second embodiment of the present invention.

. Figure 9 is a diagram illustrating the position of new pixel
which is interpolated by the image processor according to the third
embodiment of the present invention.

Figure 10 is a flow chart showing an operation procedure for
performing resolution conversion from horizontal 320 x vertical 240
pixels to horizontal 320 x vertical 480 pixels with interpolating

to twice number of pixels in the vertical direction in the image

processor according to the third embodiment of the present invention.
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-29 v11 SEP ~p2 Here, the lower line nenory 1101 receives as its input data
of- 1 pixel fromthe outside and output the ol dest data of 1 pi xe“ qmggg gﬂuz
stored data to the mddle line nmenory;@102 and the | ower right pixel t
buffer 1110. Further, the mddle line nenory 1102 receives as its input the
data of 1 pixel fromthe lower line nmenory 1101 and out put the ol dest data
of 1 pixel anong stored data to the upper line nenory 1103 and the right

pi xel data buffer 1107. Further, the upper line nmenory 1103 receives as its

i nput the datagfuck RiXA af HRIBY QQa&iQﬁ“s‘ﬁol«iﬁ‘ﬁ HRNBS s 1021 e roriput  the
ol dest data of 1 pixel anong stored data to the upper right pixel data

buffer lidze F;%tcaggort{@qdrfa%?resgme Riixek Sabuiehtess kmf&esgwes as

its input the data of 1 pixel omthe lower line nmenory 1101 and out put

the dat a; @fek iRipxel to the lower pixel data buffer 1111. Further, the |ower
pi xel data buffer 1111 receives as its input the data of 1 pixel fromthe

| over riaht Pl kElsays BT 61odd 102500 AHbhuhg WG daifbcloRioielyd o the

vertical subtracter Furt , e right pixel data bu r 1107

recei ves; ' ' t - 1R Qm.Lhe Jaddle \d nory 1102

and out phﬁ%%?ﬁgtggy% Jﬁﬁgggéﬁg?ébothe %%(oerﬁ o@blgnt er etst lfd%}% a%gﬁgfger 1108

and the l{rgJér&Q%hal subtracter 1114. Further, the pixel of interest data
1108

buf f er receives as its input the data of 1 pixel fromthe right pixel

i T SR s B R e

buffer 1109 and hew pixel “data ca 0 i xel "data buffer

@) 1o 35 Forstior SBasRs B ol Sugne BBl of e RESERE o

er est.rcli‘gt %b%ffer 1108 and output the data of 1 pixel to the horizontal
subtract&?’ TIT4'Further, the upper right pixel data buffer 1112 receives

as its input the data,af 1 pixel fromthe upper .Li menory. 110 d out put
the data of 1 prae Tohmd Hsklen shitihadrBire e BN ot ety Rel

data buf El% i%%% prr%(c::gls\s/grs agsa l:gggeltngykhg Q)?:e%g}ﬂé i%]:re%tion is employed.

BEST MODE FOR CARRYING OUT THE INVENTION

Hereinafter, the present embodiment will be described with
referring to figures. The embodiment shown here is just an example
and the present invention is not limited to the embodiment.
{Embodiment 1)

The image processor according to the first embodiment of the
present invention is one in which conversion of low-resolution image
into high-resolution image 1is carried out by performing
interpolating by a simple configuration.

That is, a pixel of original image that is closet to the
position of new pixel for interpolation is taken as a pixel of
interest, the difference between adjacent pixel data which is a pixel

of original image are adjacent to each other putting between the
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pi xel fromthe upper right pixel data buffer 1112 and output the data of 1
pixel t'o the vertical subtracter 1115. Accordingly, if the data @f- pj fl
can be obtained by scanning 1 line from|left-hand side toward riaﬁl %g 2002
side of the image and each line sequentially fromthe upper side toward the
| ower side of the inmage, the highest [ine anong three lines could be stored
in the upper line nenory 1103 in which a line data which is first input is
stored anong three line nmenories 1101, 1102 and 1103, the highest |ine anong
three | ipigeli 6f SindeedsaNN@bthifred) ianasths resqledhr haladsiitda@non idf t he
upper right pixel data buffer 1112 in which the pixel data which is first
i nput i £hst eaedo ab®iigdnv@hdal astadeebethden it blk81 dhemRexest daida which
is positioned at the |left-side anong two pixel data is stored. Accordingly,

in the Q&Ean@;k'fﬁl@{elléﬁ)g tHe 4138ahde bHRewdat aRUEA PLcdRapsxdils3dniintlel gure 11,
a right pixel, a pixel of interest, a left pixel, a right I|ower pi er a

| ower p'd&@"feréﬂcé‘pP@"aJdeGi“toP'tK@' pﬁiﬂéjl fatdPBer t b X5ilxedl 81 ¥ &b
| ocating the pixel of interest data buffer 1108 at their center. fhereby,

t he _Stort'h!&Qng E%@ﬂ'a@ REENENke SNAWA LB £RIWes Biksrrealized.  r nom
i =~Al =f af i aF# h 2001 14A (~r) 14:55/1~14:52/~3303823525 P 10 -m,~ 1 SEP

p02 Herei naf t aiyqufr@us ifd érﬁa%flgmp{?ﬁfé%‘a@@n}i\‘ﬂ}x' Pes A8l bPedw Fi Lt | y, the
operation of flanme upper end processing will be described. Since there is

no pi xelywhchs l%ta%amud bhec i Xphqof rbeggé@:.stac%r&ﬂ?g HORG Bidg thereof
in a case where a pixel of interest is a pi xel | ane upper end, the

flame ugﬁ&kdgﬁgn9r5%x¥ﬁg @geggﬁgoiﬂggdylgﬁ |nterpolat|on w th copying the
ta of pixel of interest thereto. Further, the flame upper end processing

rforms, whenyfhggloues | A8A0LY; %Jqﬂcz éﬁt r2>"r,1. ehLi g;?lxeﬁ\é”‘?hro”o“s

si gnal |nd|cat|ng the begi nning of "a f g operation. \Wen

the dat 3 pfecah¥elo QchNRRECAND 16 {2k aPU: JLL 6L atau&gu%%lwdper%e' dat a

of the flrst one i ne, | ower |1 ne nenory puts stored pi xel data
f the f | t toth
i ght - pi ke g5 S E Jfalif ?‘118 § g TohE ?és&é?@ anégﬁeéa?eti Bl dRor os' ol
| d f bl |
o S gt e L8, RS e 1108, el o

copi es all,p| ?%5 fx%cf‘hgf tper §GQNglod d@ﬁo!‘%&pfgﬁ oL A L e J ddl e

l'ine nenDry i Ne nmenor upper 1ine nmenory 1103

stores bl dixglodale &f dlepliLot dd) i A0TSR Bl A MEahdLESTETOTY

means 1 orns a basli C erat
202, 208, 204 and 206 denote upper pixel, lower pixel, left pixel,

respectively, which are adjacent the pixel of interest 205, and are
situated at upper side, lower side, left-hand side, and right-hand
Side, respectively, with relative to the pixel of interest 205, and
which are adjacent the pixel of interest 205 and have intensity B,
C, D and E, respectively. Further, "i" denotes the distance between
pixel of interest 205 and new pixel 210 in the horizontal direction,
and "J" presents the distance between pixel of interest 205 and new
pixel 210 in the vertical direction, and right hand direction and
downward direction are assumed to be positive.

The intensity F of new pixel 210 is calculated by the formula
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Secondly, a flame |ower end processing will be described. Since there is no
pixel which is adjacent the pixel of interest at the |ower side th#rfe@ER 7002
a case where the pixel of interest is 22.FROM ~-,oph 2001 3F148 (~k) 14.

55/ ~irt114: 52/e,3803823525 P 11 -32 ,17 SEP 2002 a pixel of a flane | ower
end, the flane | ower end processing perforns pixel interpolation with
copying the data of pixel of interest thereto. Further, the franme |ower end
processi ng perfornms, when the lower |ine nmenory 1101 receives a verti cal
synchronggs signal indicating the end of flame. The |lower |ine nmenory 1101
whi ch receives as its input the data of pixel of the |last |ine output

stored data of pppxel/of (E19 +(39) | &g one by one pixel during the vertical
synchronous signal. Thereafter, the data which is stored in the | ower line

menory 1101 ispkeahse aHe tRee PP E Ini P& METRS YrehliRds3) OfRAmald hiixel data
of the last line. The | ower end processing path 1109 copies the pixel data

of the | ggkmhidle (‘Mgilzggahé & )e@ahlnbé o 4ok &ad LBRs BRI Yo tdiddn@, the

| ower |ine nenory Then, the lower I'ine nenory 1101 stores the pixel

d f | L pe, FLEr o3 i L1131 perf
ata of LAY Laskekbps, gﬁg,kgﬁ%ﬁgné?[gfw? LE”SSQP%@A ks %% 5 perrorims

a basic operation. Thir t end processing w escri bed.

The 11 ameshediaeih REACSIP0AG: RP'Y Peifly plbe e o ale QL LOERIPSRY © 2

pi xel of end whic S Nno pi X acent e pi xe I nt er est

o Ll Sole SO0 o BNy L GUABLAL 1 DaPERR, NG g AL el ¢

i nterest thereto, urther, rforns, when the

pixel of snbarad oAt P! LoE AL e6ERY ASaRabAnkLopl el Syneliangus of gna

|‘| cating tﬁre egl nnrn _ ine, Wi n peration. e pi xel of
") g SR Do ST ey B S Sl 0 200"
FYICT onks, Zu90E| gt L oAl TR G 150,71 0g, LT LAY 60 b5t o
processor according to the first embodiment of the present invention
requires less calculation amount than the conventional 1linear
interpolation.
Next, intensity F of new pixel 210 will be briefly described
with taking the horizontal direction of figure 2 as an example.
Figure 5 is a diagram illustrating the intensity of new pixel
which is interpolated by the image processor according to the first
embodiment of the present invention.
Here, a simple assumption is taken for interpolating.
Hereinafter, the assumption will be described with referring to
figure 5. Figure 5 is a diagram illustrating an image interpolation
model. For simplification, the image 1is represented in one-
dimension and broadening of an image is presented in the horizontal

direction while intensity of image is presented in the vertical

direction.
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path 106 copies the data of first pixel v@mch is stored in the pixel of

interest data buffer 1108 to the left pixel data buffer 1109. T iz Stlpe 2
| eft pixel data buffer 1109 stores the first pixel data of each [ine, a%ﬂ
thereafter, the data buffer means 113Z perfornms a basic operation.
Fourthly, a flame right end processing will be described. The flane right
end processing perforns, when the pixel of interest is a pixel of flame
ri ght end which has no pixel adjacent the pixel of interest at right side
t hereof , pix i olati L b i dat | xel It er est
thereto. Furt %rgﬁ% ff’arrt\gej%e\rll\43 %rgag%g mgftegg?f%r ﬁ%‘%&ﬁ% t%ngjldoﬁv%er line
menory QL .recei hog,| zont al__synghr us.signal .indicati t he end of
the li naéb,Jsct sesggo#%gme%s oépﬁee?a J|‘sgtna.nc et ggghg r%%en%ﬁlnglrrr%%%%@‘gnlé’ans 1131
woul d not shift data duri riz al .synchr.onous si gnal indicating
t he endplo%urtehge' Itiq‘h“ée,r qﬁe“d]g't t:ﬁt}\%bu%é’norbt B2 hiFIeT ’?}r’eo%a? eealei“ﬁrétsrrermry
means 1131 .to the data buffer nmean 132. Here,.the right pixel.data buffer
1107 copi esgxofdﬁel%t%‘rgeuéep xe u"(\fa’iagl %P}t%eenﬂtieﬁeaeﬁa:etnglﬁ ec"b'&?)eél !Lbrfe i nt er est
data buffer 08, .and the | ower right pixel data buffer 1110 and the upper
ot piaeaddva BaFFet o S EsaepREsa by Aseer s BhH 0 1PAEe | 192 ond ©o
the I ower pixel data buffer 1111 and, the upper pixel data buffer 1113,
respect {SRIYS BotANENBT RS YHL NG REFLHERRS B‘{H‘legr agaoa;pa(fﬁd ophE By &t Frou
~.; | ~~a-ph 2001 3A48 (~k) 14~56/~~14 52/ ~$~Jj CV~f3L37L7 r -34 ,1 | SE P p02
of int eF eSSt 4 bufFer 21BBxehrr St erens alﬁ§a 43 tdrposeRel 2 obiNent erest  at
the right end of the flane, and the |left pixel data buffer 1109 can store

e pi xXSINRERTENFhRRhOF 59t laddrfe 1t A4 pinklanoPrrigi Rt letixgd PRF+ H4de

ereof , and the upper pixel data buffer 1113 and the | ower pixel data
buf f er 48MOtesaA Linst Bhife 15 ReFaidlawikh dAnesS HUpRE YANNERES i Ré¥e bf
interest at the upper and the | ower side thereof, respectively, and
thereaf?%rl,“tFHéSFiZEPé ARAGY Perarel148% AAd d9retsatdhpoirel 1AE8R%H 132
performs _basic operations. According to these four flane end processing,
even wheh WWiresPlBriehiidagsy 346 sepghee P diinehecwiRFtpasta gh*etafe which
does not have an adjacent pixel at any side of the pixel of interest, the
adj aceninpisadt 320 aedEGR T B indEd 4% h SOHAPLILE 0Fr isiEr 8PNt er est
thereby resulting in capability of calculating new pixel data. In this way,
t he | i nef nesr 90 140815 UhdWhheh det & B Pdxehedferpedateh®Ystf e t he
data of pixel of interest into the pixel of interest data buffer 1108 and
store tFeNERRtACsRLibEeRS inftiegRo bR el e AdERheT o "ERRr 3HpPRY deRpkes BR®Rr, t he
| eft side) and the right Side of the target pixel into the upper pixel data
buf f er q&;gﬁnqqqéepgaeg original pixel 204 and original pixel 206.

In order to clarify the difference with the conventional

linear interpolation, the intensity D, A and E of original pixels
. 204, 205 and 206 are assumed to be D<E<A.

When numeral 501 denotes an original intensity curved line
of image, it is assumed that original image pixels are sampled at
even intervals in the horizontal direction such as 204, 205 and 206.
At this time, the interpolation data at the interpolated points on
a straight line 502 are assumed to be obtained.

As a reference, in a case where linear interpolation is

performed, the crossing point of straight line 506 connecting pixel
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pI XEr g4t a buffer 1111, the left pi xel data buffer 1109 and the rjght, pi xel
data buffer 1107, respectively, by basic operations for shifting k]{%e t 2002
of pixel which is input fromthe outside one by one, and four flanme end
processi ng. Next, an operation of the arithnmetic neans 1133 will be
descri bed. The horizontal subtracter 1114 receives as its input the right
FROM ~~~o0~eh 2001 3p148 (ski 14 56/~r~14 52/ RS~~su~b~t~ r -35 11 SEP 202
pi xel data fromthe right pixel data buffer 1107 and the | eft pixel data

From t heod efly XEL d7bautilfietes 1409 ANGGRUBLEGRLS honkebicinieh data

fromthe right pixel data, and output the difference in the horizontal

R e A R e

arithnmetic devi mul ti pl és oef ance in

hori zontal _directiop §r o]] e b hpterest 4N l.xe (
differ e%rgteenlds'lnl o(tr:‘llg‘gnét alﬁmaiéreég{‘l %r?f g%ﬁdggtﬁ p’%tls?%gnéogrtl)r?gagglﬁggr rection
val ue t ew pixel data .calculator 1134. The vertpcal subtracter 1115
et veRhdl BeSinpdots A Rondr Hnoat tan S S 1Ay BHBPARRA ofit o
buffer 1111 and the upper pi xel ;}?‘ata fromthe per, pi xel data huffer 1113,
and sub el tr * pi Xe X d”out put
FPaREERNE APSERChT el ATt r BRREHE ROALY | i ReP adi St £id°
the difference in vertical] directjon to the vertical ,arithmeticg gevi ce
1117, Tﬁ%nw}ttf‘tcaﬁxa}iztoﬁrﬁe%?imb‘e%ﬂE%bifﬂ?afr&Pt‘ih&%“sad(l@BEf“rfi%‘iféﬁfl §/2), (the
distance,in vertical direction frompixel of interest to new pixel ) and (
the di ffErem® SPPEFEAREI PHTEA%RAPA RA¥Cbut Put sAERE V&%t iS€afPEdrrect i on
value to new pi xel data cal cul ator 1134. The new pi xel, data cal cul ator 1134
ecei vedSAWRYCN 51 EhEAtHt R 13PepP %B 1 PR DINERT A0 AR PRI EF of
terest data huffer, 1108, and adds (the data of pixel qf interest),
(hor i zohP&IS'TG4E8EL RS vilire a)“‘a‘ﬂbl“(‘\x@???%%l“E8Pf38c'i*?eor?l\’fai ueY> C3Rd out put
the new pi xel data. Next, an operation procedure of the operation neans
1133 wi PP PREHEEdri BBE WRITHPGef 8V Rt Fi%aretAtennodared 193%@ §3p| ow chart

show ng an operation procedure fox perform ng resol ution _conversion of an
i mage oPe® aF“ﬁFX%YS QQJCFﬁaflng point of the straight line 504 and the

straight line 502.

By assuming as above, the process is actually performed such
that the intensity of the pixel 204 is subtracted from that of the
pixel 206, the result is multiplied by a ratio between the distance
"i" and the distance 509, and the result is added to the intensity
of pixel 205, thereby it becomes possible to obtain an interpolation
result by quite an easy processing.

In order to produce an actual formula, when the intensity of
pixel 204 is assumed to be "D", the intensity of pixel 205 be "A",
the intensity of pixel 206 be "E", the distance 509 be "2" (=twice
as the interval of abutted pixels "1") and the distance 510 be "i",
the intensity F of the pixel 210 is given by

F=A+(1i/2) (E-D),

which 1s quite a simple formula requiring only one time
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~°. ,~~ra~Plf of X %Y pixels. tvvt~ ~n~~ru~.,~. .-r
VA e~~~ ML . -36 17 SEP Q2 Inflgurel S de e
p| er nunber of | ow resol ution i mage b the horizontal directi onﬂ g%ﬁo@g

a pi xel nunmber of low resolution inage in the vertical direction, X denotes
a pi xel nunber of high-resolution image in the horizontal direction, Y
denotes a pi xel nunber of high-resolution image in the vertical direction
px denotes a horizontal pitch, py denotes a vertical pitch, yy denotes a

POSi U1 0yl 48 9bal JHETER! NNNBHdCRE UlEEliqn, b denotes a

vertical coefficient denotes a vertical | oop counter, xx denotes a

position of pi §§I 19qu %%giﬁr%% t Qz% *EQrEKeO'l% Qléf ¢ B ;?&;%%[‘QE?Sl a]

hori zontal coe clen es a hori zontal

denot o SuRtdDLEnS]{de Aloiligabes Lhane gﬁvm&' llLe+& thderpolbitod¥]
denotes a Intensity at tion o orlglna pi xel” [ X
Lhere 2r end Gl Langng! ?%%% - Tfenlic ¥andd, 20d $<W<T
e

S101 den%? p|t R |ng ste% ?tx ca Ccu at}%bgFﬁé JKE% new
pi xel in gggh of % %h n (9 ertl al direction The h [ nt al
pitch px Ts cjl ated lrs%/%%o, t1e c\’C/ber ]'lnc% % qtua l%lfngg g?cﬁal at ed by
T/ Y/ 2. 51h2 deenotglsnéae ¥grtl|n 2\ g ) efwaultef/glablwg_ PR, strga efo ? ting
initial va?d%§5¥br varlaBIe Egﬁ i hy' Phd iR Pﬁbb ARg 1A %ssi gns
the initj val.ue "0" to the positio in _vertical rection, u%he pi xel

i nter th? H‘é"i??r Preafs et &*é ?%ytegnﬁ BENRS bﬁl RS 28 ter 1,
res ectlvel S103 denotes a horizontal |oo default setting up step for

p Sa Ve p g up p
ii§N|~r~§r s~plr LUUL~ 3F714dt~hm ~i~irr~mm ~~se-7mm-~. . ... 17 sEP ~oz

ting |n|t|ak val uesg for rlagﬁgs concerning.the horizontal , and it
assigns the inft?&l® 33“ ue Bfo‘flﬁ) ﬁgrﬁ%ss%[w&ﬂg |ﬁ°%ﬁ’“§§ﬁf"&l° di g‘gcti on of
pixel of 01 e"S%cesblE DOLIZANLoo 08 1458 bnBoa e

In figure 11, numeral 1131 denotes a line memory means which
is configured as follows.

To be specific, numeral 1101 denotes a lower line memory which
receives as its input low-resolution image seguentially from an
original pixel data at upper end of frame, 1102 denotes a middle
line memory which receives as its input the output of lower line
memory 1101, 1103 denotes an upper line memory which receives as
its input the output of middle line memory 1102, each line memory
has a storage capacity for storing the original pixels of low-
resolution image up to 1 line in the horizontal direction, and it
outputs the oldest data of 1 pixel among stored data if one pixel
data is input when the memory storage is filled. Further, 1105
denotes an upper end processing path for copying instantaneously
the data which is stored in the middle line memory 1102 to the upper

line memory 1103 at the frame upper end processing, and 1104 denotes
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the horizontal |oop counter k, respectively. S104 denotes a intensity

calculating step for calculating the intensity of new pixel and tﬂei SEP 2002
intensity of new pixel Q[k,lI] is calgulated by Qk, 1] - '

P[ xx, yYl+a( p[ xx+1. YY1- P(xx- 1. YY1) +b(P[xx, yy+1]-P[xx,yy-1]). S105 denotes a
hori zontal coefficient calculating step for cal cul ati ng new hori zont al
coefficient) and it is calculated by adding the horizontal pitch px to the
hori zontal coefficient a. 5106 de notes a horizontal coefficient threshold

conpari $0n ogb8PedPlprfMRALLGIps fie Y 12008 arfeRRish L, CE &R i Ny thetdyrashol d
val ue 0.25, and, in accordance with the conparison result,” it proceeds to

step SLOfsuhiensthe,hof 708ha! no@eld 1ah8Nhofods j38! LeTedd1an.gE £gual to the

t hreshol d val ue, e It proceeds to step SIO7 when it 1s larger than the

t hr esholngmggg,ugzlofjagcf? tg‘%ngtlgﬁealmeg&e%n(ra{ B]ﬁ%lég ast, .right shifting step for

shifting the” pixe I nterest towar Irection) and the position of

pi xel of interagtabp, Aol 20nbakefhEEF dRconetd iRy aeworel, and

the horizontal coe cient 1's 'shifte enotes a hori zont al

| oop co [ ' [ p for judging the conclusion of horizontal |oop
whi ch igﬁkgggg?%%qﬁggﬂgéégg'8104 t hrough 5108, and it conpares new

hori zontal |o counter.. FROM ~ ~~*ft ~~ 2001, 3J)~14 .c? 14
/13- Fat 4: 7L~X& TSR3 E SiGre ety 1y 78%%9%5 i%ﬁ%ﬁll %fJ% 1{,%%%%? rt5y addi ng

1toth ixel nb X in hor.i t i ti f. .hi.gh- | ut]j i ,
and. | n HO2RaRREE A EH AR PP b G R Tor Y 3B C R R Bl Y S104.
e SRRl G Endi el LcBigoeets ¢
(T 1 ool b SoRcEes Satidreiy Plrel Gt ki st R byebttehanyumerane T 2
coefficient _b. 5110 denotes_a_vertical eshol d cqu ri son

step forp’t?‘(?r}'pﬁ?’_f?@“mgr'\/aé}dt iltl,?a? d&S’BFFFcﬁcngﬁ%’g’%%’ﬁg't?hﬁ%%ﬁoﬁ”ﬁf\%l'u% ' 25, and,
In accordance WeLh the, cOMRALSANIERY tror' LeBIASLI%aLS SEOP pixen
temporarily, and output the data which is stored beforehand when
the data of 1 pixel is input. Further, numeral 1106 denotes a left
end processing path for copying instantaneously the data which is
stored in the pixel of interest data buffer 1108 to the left pixel
data buffer 1109 at a flame left end processing.

Further, numeral 1130 denotes a pixel selection means that
is constructed by a line memory means 1131 and a data buffer means
1132.

Further, numeral 1133 denotes a new pixel data arithmetic
means for obtaining the data of new pixel that is constructed as
follows.

To be specific, numeral 1114 denotes a horizontal subtracter
for obtaining the difference in the horizontal direction, 1115

denotes a vertical subtracter for obtaining the difference in the
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& 1 hen the vertical coefficient bis smaller than or equal to the

threshold value, while it proceeds to step S111 when it is Iarge Q§?>gmﬁz
threshol d value, 5111 denotes a pixel,q0f interest downward shlftlng
for shifting the pixel of interest in dowward direction, and the position
of pixel of interest in the vertical direction is shlfted by yy=yy+1l, and
the vertical coefficient is shifted by b=b-0.5. S112 denotes a verti cal
| oop concl usion judging step for judging the conclusion of vertical |oop

whi ch i s,eree@eaiqﬁxfecemt AR 1 818 Jds oyg,@r%&.?ualagplérh netQERA RS MW Verti cal

| oop counter |) which is obtained by adding e vertical |oop

COUNt o ohe Wb i Aokl cRUIRSYad HaVERL al AREREtAaNAR ohl dfiryesol ut  on

|mage ccordance wt e conparil son resu foceeds to st ep

$103 mg@g&y&%é&%@g;&g@%& £hr SpSiRldd thaé‘orfec%L vifue FROM

~r | k##~ itk rcinrem-.. ... ... ~~ = -39 1 ~

SEP 2~0Q r m nat.es, pj.xel |nter Ia ion of an i qual to Y.
In the maég pr %elggtl)rdlarceggr" |hg|%‘tOj ‘% e |r§tneé’n%%’gae%1§h1fa SP&f'ﬁgatl venti on,
t he |naq%ﬁp % cessor f.Qr conver |QMFﬁ€SO|UtI0n i mage to high-resol ution
i mge Wt CREEHPDT Aty 4he P w?eséPﬁF on image includes a pixel selection
means 1130 for extra |ng pi xe nterest an u i xel, a l.ower
pi xel , a left Plﬁrfélna tﬁieg‘iﬁ tﬁl“)?ﬁl r%%??d‘&lt E ‘tga&egrplfﬁs f or
calculatl he diff ein %Hélcal direction on the basis of the upper
and | onef dgeTE % Yh8RE 2Ot IS 198 f Pact P 111936 cal cul ating the
di fference |n horlzontal direction on the basis of the left and right pixel
ta, the vert|ﬁﬂ§Fea?|¥§hﬂtﬂﬁﬁ?§&@v+%%??ﬁrfflP%rtn?aP%iﬂﬁﬁﬂnn% ¥ REfRh cal
ﬁrectlon val ue on the basis ,of the difference in vertlcal direction and
e di st'dhc® R YNPTRel’ O8f RIFCEFe AT (FHIRADi BdXeLR QBRt ildBP dTfecti on,
the horizontal _arithnetic deyice 1116 for caIcuIatlng t he hori zont al
correct IO STRPUBERN Rthd %98sPLeoTs t9fe Gif PE¥®ite in horizontal direction,
and the dlstance froma $lxel of interest to new pixel in vertical
direction, and®hE'HER pf xePUBSER c3f Lurfghorey 13 £¥+S cAPREFSRT™EIt he new

pi xel data on the basis of data of pixel of interest, the vertical

corr ect iFi¢aPEal kPItHE hGE| EB‘?\t%ﬁD angor PBEL PHN Rial B2, 2BRdPT ARIRER, t he
intensity F is_calculated by F= A+(|/2)$‘E-D +(J./2)(CH) on the baS| s of

i ntensit 1ﬂ18P1pP3<’é?150f"’hllﬁf‘eF%%’Eesec%t ithPns 8 Wiséipi 22t P% he
intensity C of |ower pixel, the intensity D of left pixel, the i ntenS|ty E
of ri ghte“kﬂlféflmanﬂntEH'emﬁ’osFFFB?F'{l"ielyy fndiasiupesi ‘k}é‘? Pifgdr dBYeTYAL i s

possi bl e to_reduce an operation anmpunt F AOM ~; ~#. ~' o~l ~ph 2UU ~k j ~I 4ti
nl meoi < be Ml iyx~-The go0. 4}, g2 and qjpdenote new plxels which represent the

positions on the axis 301 employing an arrow, respectively, each
figure in parenthesis is pixel position which is represented by the
‘ distance from the original pixel p0.

Numeral 302 denotes the position of new pixel which is
represented by a form dividing the distance from the original pixel
p0 into an integral part and a decimal part, and the integral part
presents the position of a pixel of interest against new pixel and
the decimal part presents the distance from a pixel of interest to

new pixel in such a manner that the absolute value of decimal part

does not exceed a threshold of 0.5. For instance, new pixel g3 has



FROM FARSTERT . . . 2001% 3)5]148(7k)_14.54/%!14'52/2%%380382?525 P 7
("~ "~ SEP ~00~ for interpolating inmages and to i nprove the processing

speed, and further, a high-quality image with sharpness is obtainef mﬁ% out
snoot hi ng an edge part of inmage. (Enbogi.nent 2) The i nmage processo [ 2002
according to a second enbodi ment is one which converts a | owresol ution
i mage of horizontal 320 x vertical 240 pixels to a high-resolution i mage of
hori zontal 640 X vertical 480 pixels with interpolating to tw ce nunber of
pi xel s in each of the horizontal and vertical directions, and one which is
limted Goqi 5t IR0 Rbl0ens LA WIGR1NYIREN donpb¥Eid i2Gal, andl dQLhzeNtdk
directions which are well enployed In resolution conversion processing so
as t0 SURRRESH Y LhPOBEAL pARErfd QQgﬁmUPErE Qo Nk Bl AYNG . sFT gy ALd2 15 a
bl ock di agram show ng”the construction of the image procCessor according to
the second EH@PP} TRitcn lm@akgggﬂ@ pie1l bECi FE&IRLRNGE. GIAY ARLEE BxdlS ohi gure 11
designate the sanme parts, 1233 denotes new pi xel data arithnetic neans and
i s constryct fahh Qe 13208, SPRGLT s ahlde Al £ AL 15 1d80RL 51 e sane
elenentslas ?ﬁé%ggﬁn ?igufg'%ff i 16 genotég a4ﬁ§%?zontafggritﬁ%étic devi ce
for obt aigyi ng e, hars gental GO F SN Yah uexby 3hidd Lns &g di flgr ence in
t he hori%bntap gﬁ?ec&iénn%eftmard by 3'b¥t goxasq?o make the ganeoto 1/ 8,
1217 denqhes, A iqlh oUUIRL £, Aeuh6 Q1boh1APLAL ARG 1K YRrddradl
correction Jgﬁ'égﬁv'éf%?ﬁﬁng t é difTerenéeQ?ﬁ he vgktica d?%é%t?on by 3
bit so a e 8 18 de : er, . FROM snAx.ssplf L U
%a}‘%_%ﬁ% cié(%n{]%l ga}_grgevgs%l&?e%.%lﬁg. 61550,~.re_|§85_£s J_IIFW.3, %Jhl%h a1

Ul~7HI~kol1lnlI"a~rws, r . .°. ~~ ~ ... -

LT SE%e‘é% iC %}%ﬁ' oqatiﬁtggégtluleag{agé]gtzBﬂev?q:liggﬁ.?‘%% NG the gg:‘logm h new

H.Eel for 1T nterpolation at "up I xel erest, enot es an
er righ ew, pj.xel_.data_cal cul r.for l L. d f__Rew pi xe
for inte pltc’)‘leat}r:z‘)nana t&ﬁp%?“r%b%et f%%’gp?&eelc’%?l?# %rlégg,éqgfog%‘gn%xgg a | owner

| eft new i§gl_?a%a cal cul ator for calculating the data of new pixel for
interpol ation at "Tower left of pixel of interest, 1221 denotes a | ower

ri ght new pi xelb{ug‘%gglcalogulﬁ‘?;‘gge%p{h caplc)o;’;sq_:tgg)hngftgg%gﬁ)geelgf @g}gfgpgéel for

interpolation at TOwWer “rig i xe erest. enot es

new pi xel__data, cal.cul ator ich.is constru by the up d eft, new pi xel
data cal &II°atore ﬁ&scf én%Bgrd?ﬁlg af(i REW %itfitcejr\e é%%%lga gﬁ%al g% 11/219, t he
| ower | eft new pixel. data _calcul ator. 1 .and_t he.l ower ri.ght_new,pi xel
dat a caIéﬁ\&ﬁSrgfﬂffllﬁuFfﬁ%i?tﬁﬁﬁﬁaf%gégﬁﬁphtgﬁﬁﬁégga Fhs, S and i s
constructed as, fal Lows. 1222 denotes_an .upper, new pi line nmory, for
stori ng. (HETHELE hPE EEegRRE TR L RErE] SR T M s B el o

rierest B L5l DA LRROL LT ARG 1228 Gan0t £ 2oL o pew o xo

i ne menory ew” pi 1S situa t he

! ower of aDnicf(%lheOfin- thezg Starl%y a,:rlifi! H?é? Jcirl}tiagh- ggtisoelr%t id?.\r}i;iﬁ%thﬁtqgr e’7is
a di agramiq Ut 3t ThY He positi on o neM/pre

absolute value of the decimal part not exceeding threshold of 0.25.
Further, the threshold value is obtained by multiplying 0.5 on the
size of scaling.

Hereinafter, the operation of line memory means 1131 and data
buffer means 1132 will be described.

Firstly, the basic operation will be described. This is a case
where flame end processing (described later) is not related.

When it has no relation to flame end processing, the line

memory means 1131 and the data buffer means 1132 stores data of each
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which is interpolated by the image processor accor di ng to the enbodi ment of

tHe present invention. In figure 7, "~" denotes an original pixel

| owresol ution i mage having a pi xel dgterval of "1", "D' denotes éﬂ. §FP 2002
pi xel of FROM~ ~~a~pht vvi g nymov,,." -~ ~ m." , ~~ .,a
m, -42 ,~ ~ SEP 2002 high-resolutio n |mage Furt her, new

pi er s do not match with the position of original pixel, but are positioned
at points which are distant fromthe original pixels by the distances the
absol ut eyyal yesr Lfe WabgRigye 1/4 in both the horizontal and vertical
directions. The intensity of the original pixels of 701, 702, 703, 704 and

705 and_the now:pj Xaled 18hed Oind Qnod P81 oA0% LS lenl ol ggg\@@ L1791, P702,
P703, P704, P705, Qr06, Qr07, Q708 and Q709, respectively ccording to

this pixel aﬂ)?eﬁh‘%%ﬂtthé'o%%;éé M‘%d&%ﬂ’t%%&'oﬁd@&@ c?a[)tr ag?ep Akegaual

|ntervals romthe original pixels, e appear ance pro ity of the error

Of i xel (a4 & RRCAER.JIpb Y mevz@me ot 113 3 LANIRIARe  Agneper ati on

anount I NCrease pecause | I'S necessary'to cre W pI xel s

[ hi S SSEONdaeUDRdL BN 1 51| IRl AGCLNe Rl HE S thots dD G sl ageps from the

origi naf p prxel "are equal ,” t he car on—anoun uppressed. To

be speciflig i P705- P70 f [8) (P e first
cal CEI até %%e% ﬁ\g ee(lssﬁgg%{:%% é?%%l o flellx 7%tf (%h?)ég %%3 %d‘?mot% 705, the
arit hnmeti ession for I cul a he, i enS| t ne i Qr06,
8%8? P?(g)\?%; ?j%gufgl&m ij%ldf +d 57 T W%)?oai?ﬁ,vtp * t%e nmb f
| i X and, number o
‘ES ré—S1 BFFelé E¥T§9gé’a]i m@n Fﬁ?éﬁé"%g) fgﬁﬁ;gﬂl% ) ©Liph 2001
48 58/ ~irll4. LI.R~" S~QUJOGEIJ = 17SP20 t hr ough
Q709 of tihﬁu‘?P PP BPTOFY FrhOPhES V& TS 7T ¢t§7mpuc?f t'b‘“ngaﬁf‘feq FEXeAht er estg
are only ten times addition or subtraction and two tines division. In

addi t i offFomf SRy Ad e LAPE PERIEYP2A 2 g1k %@“P?B"i"ﬂrcﬂll"fsﬁr‘éa%%aﬂfe& t he

intensity of four new gl xel's can_be obtained b i ght
pixel among stored data to the upper right 1xel data buffer 1112,

Further, the lower right pixel data buffer 1110 receives as
its input the data of 1 pixel from the lower line memory 1101 and
output the data of 1 pixel to the lower pixel data buffer 1111.
Further, the lower pixel data buffer 1111 receives as its input the
data of 1 pixel from the lower right pixel data buffer 1110 and output
the data of 1 pixel to the vertical subtracter 1115.

Further, the right pixel databuffer 1107 receives as its input
the data of 1 pixel from the middle line memory 1102 and output the
data of 1 pixel to the pixel of interest data buffer 1108 and the
horizontal subtracter 1114. Further, the pixel of interest data
buffer 1108 receives as its input the data of 1 pixel from the right
pixel data buffer 1107 and output the data of 1 pixel to the left
pixel data buffer 1109 and new pixel data calculator 1134. The left

pixel data buffer 1109 receives as its input the data of 1 pixel
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times addition and subtraction and two tinmes division. Next, the operation
wi'll be described. The horizontal subtracter 1114 receives as IISIIEHHQS 02
the data of right pixel fromthe right3opi xel data buffer 1107 and 'the atZ:I\]
of left pixel fromthe left pixel data buffer 1109, and subtracts the data
of left pixel fromthe data of right pixel, and output the difference in
the horizontal direction to the horizontal arithnetic device 1216. The

hori zontal arithnmetic device 1216 shifts the difference in the horizontal
directi ogrbavend digkivaf driter:s8 h eutpelt g 1bbbeaddiouZ it alheC@it£ ki ON
value to the upper left new pixel data cal culator 1218, the upper right new
pi xel datiapeaérutatiie hdtzohtigl |QMRrabeét 1ew.pi xel data cal cul ator 1220,
and the upper right new pixel data cal culator 1221. Further, the verti cal

subtracter 1llgukeseryeshdspbbs Fiyput §ikde ddab durelrovei2 Riexeivds @@ t he
| ower pixel data buffer 1115 and input the data of upper pixel fromthe

upper pixek dabac b %Etllégd %EQe§UPLF]Jn@Q}1§fﬁ;I}?eLd§Eﬁeq'rIenIIﬁQe'il@j %@l from

the data of |ower pixel, and output the difference in the vertica

a
di rect | Ok Qb Neha/BEER G ) AL IVTRL helEul 2 51207 aaThenyprdd 2l ahLhiret i o

device 1217 shifts the ference in the vertical direction toward | eftward

to 1/ 8%@%%5%9&% Sda}{éib‘é?@%bcgh@oé%cgi@é ‘as ’iQ's“']I? FOU, 34189 14 59/ Al4

52/ 38038 correction value to the upper |left new

i xel d I t j i I 1219,
P Xe! oty ebbatere 12id: Lo unae.rLobl et KoL, dateccelsator 1219
data cal gl g 1220 THE URDCTe Ll nEuh Bl R, 031 5 cal cul ator 1218

a

aifeives as its 1rput the vertical correcfion value fromthe vertica

thmetic devi h i I i I . i t al
P et o devhegotdtis NSVl 890U Al FACEL BT SRS OTLLNR g1 Zone
| nterest gt g, Bhes  HORnd GIRECIIMELY:; AN LASN, SHPLEAGLS hige veut | cal

correction value an orizontal correction va rom ata of pixel

of L1t of Sabnafth O Alerkhe 431 AT AEWLBLKEIs L8 beLNL GhROLBEd diact he

upper new pi xe i ne” menory he u right new pi xe a cal cul at or

1219 b i_cal [ I f d f pixel, of
s torfaghg d%xga?ﬁ,grtt#ecﬁlgﬁ%{ eJ.CfrIeOgm¥?%LI:%rer OE'H(I;% d:o%tl% be foied P

i nterest an oriz correc n val ue, outpu ta of

new pi xely .t QnQe%é%ﬁeﬁg%a&SR chﬁ 11199 1l inﬁe'daté Wi TRPL Y 1222, The

| ower Ieft new ata Ca |"at or adds e Verti cal correction

value to t1ie dpL & o ¥Rbngferirdbel £51 ARG PG 1609051 6PN
highest line among three lines is stored among three lines is stored.
In addition, in the upper right pixel data buffer 1112 in which the
Pixel data which is first input is stored among two data buffer 1112
and 1113, the pixel data which is positioned at the left-side among
two pixel data is stored.

Accordingly, in the data buffer 1107 or 1113 in the data buffer
means 1132 in figure 11, a right pixel, a pixel of interest, a left
pixel, a right lower pixel, a lower pixel, an upper right pixel and
an upper pixel are stored with locating the pixel of interest data
buffer 1108 at their center. Thereby, the storing of pixel

arrangement shown in figqgure 2 is realized.
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correction value, and output the data of new pixel to be interpolated Po~ 1

the I ower new pixel line nenory 1223. The | ower right new pixel dat
cal cul ator 1221 adds the vertical corréction value to the data of pfleﬁngmUZ
interest and adds the horizontal correction value, and output the data of
new pixel to be interpolated to the | ower next pixel line nenory 1223. The
upper new pixel line nmenory 1222 receives as its input FROM~; ~it's~Ph
zoom ~~i 4ec~km om-xm~UU~X~$S30U70LJJLU a t ~ 7 s~~ zooz -45 the data from
t he upper | ef t HREQLRA &AL /ddoarchl eg @rek PToges sy ¥ibs deriadasicyibed: dat a
fromthe upper right new pi xel data cal cul ator 1219 by 1 pixel alternately,
and stores theFdastlpf thevwwprnedionoo Hd lane ergreicaerd gracespipar wbil pexel of
interest for 1 line of the high-resoluti on imge, and output all of 1 |ine
in the oddecrifedst ori ng. The | ower new pixel line nmenory 1223 receives as
its input the data fromthe |ower |eft new pixel data cal culator 1220 and
subsequent | y t Béndatthetredm tdpikelwehich dstadiawept xak maka cradrcudrator 1221
by 1 pixel alternately, and stores the data of new pixel to be interpolated
at the | ewethefugpetelsidk théeseStinf ar cdsé iwneref ahpiptelr esointéxssti 4fage, and
output all of 1 line in the order of storing, after the upper new pixel
i ne memaryid22fofitgme upber edada die flhhaapphexdnd areead sinat pexrtqmecedur e
of the arithnetic nmeans 1233 will be described with referring to figure e.
Fi gure 8piiged lhoaymiiatticaheithgcapygiale uhat idatapbocpiksle dforinrerest m ng
resol ution conversion fromhorizontal 3200x vertical 240 pixels to
hor i zont Zhebdtio X Prartheeq| tHEB 01 ph& @bpencnld pricaspahqipengotts t whee thanber of

| s.in both of the horizontal and vertical directions in the inage
processono@eg ol thégndmriyhe 18 €Coaice Brdsodhaentroicdiheypers@idusi BigAgion. In
figure 8, difx is horizontal correction value, dify is vertical correction
val ue, anddk¢adinfthR degihflEnd Ve aaF14MOS & HeN £hi Pawwiigl opangcidiare are
rel ati ons of 0<k<320, 0<1<290. S801 denotes a vertical |oop default initial
setting up stemhenftREMata cfpixePBn2@@lsecond 1ine s input after storing
3J=114d17XJ17. u~i ~rai ~.uvi ~0, e, ~. ...~ .~~,

all pixel data of the first one line, the_lgwer line memory 1101
outputs stored pixel data of the first one to the middle line memory
1102 without outputting to the right pixel data buffer 1110, Then,
the lower line memory 1101 stores all pixel data of the second line,

and the middle line memory 1102 stores all pixel data of the first
. line.

of the second line which are stored in the middle line memory 1102

Then, the upper end processing path 1105 copies all pixel data

to the upper line memory 1103. The upper line memory 1103 stores
all pixel data of the first line, and thereafter, the line memory
means 1131 performs a basic oparation.
Secondly, a flame lower end processing will be described.
Since there is no pixel which is adjacent the pixel of interest

at the lower side thereof in a case where the pixel of interest is
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-46,1'~ Z SEP 7n02 for setting an initial value to a variable related to a

vertical |oop, which assigns initial value 0 to the vertical |oop Qﬁwn er
1. S802 denotes a horizontal |oop defapylt initial setting up step f EP 2002
setting an initial value to a variable related to a horizontal |oop, which
assigns initial value O to the horizontal |oop counter k. S803 denotes a
correction value calculating step for calculating a correction value in

both the horizontal and vertical direction, which obtains the horizontal

correcti QPi&ehuﬁf difvamanthddiCe®l Lhe H1amariseeli ,Iy@ééé%s%tme%ﬁa cul ating
difx =(P [k+1,1]-P [k-1,1]/8, dify=(P[k, 1+1]-P(k,1-1])/8, "respectively.

S804 dengigs ardddr@RihtYofal ottl addgidndt @Ref Qhts A £ UL BIING £t RRteAEANSI Ly Of
four new pixels, and the intensity of new pixel for interpolation to the

upper | effeQft i %Rk tREr | Hher E8dmddovder eRd drocebbend PE?M“‘T’SV WHennene pi xel
for interpolation to the upper right of pixel of interest dx 2k+1, 21 ] (

the |t enghdy Pindfepla(ely I Joioataol at bl 103t NEyd BURRoLE! Lugfarpl xel of

i nt erest 2k, 21+1 and the intensity of new piXx or interpol ation

t | ower,fight,of pi f_ t Q2k+1,Z1] by calcul ati
azk?\é\ﬁ]rlz'é‘%%]ﬁtﬁl?‘ i?)}%g}??%,ogqrg gr ?Zl]q:P[k, ] ot Px-dify,

Q2K 2111 =Pl kb9 g p Gl 1 03 R KabLosld XIS LY saspeptively.

SBO5 denotes a hor’Tzont clusion Judglng step for judging the

| usi f A I, ' j ' 0 h h
5805, - ahiaFE Canbares SEhoRRsbn S FOERiE SinEaE R &, BB B En S A
~J 15 . ~FS~0V QG ~ st [ ~Nf =~ is i
gngl) nedlg%é éﬁgﬁen%%g%’%\ép%o%rli czi%lﬁ H %ﬁgjo‘bergéﬁﬁ eryr{}rh\}:\nofjﬁ“%lelgﬁﬁ%s)er of
s 320_i he hori |, di i . | uti.on | :
becor di naieh it ofhp ARy P 35 PO shoVhe RRe LR RIRES A3 ot

| < Gqual to %0, SBBORHaHSUE K VRALTER 11 “BORET JeroRLFHGRG 2 ep for

j udgi ng e concl.ysion of vertical |oop which conprises repeating step S802
t hr ough %566fa%ﬁﬂ%§ﬂe60npares new vertical |oop counter 1 which is obtained

by adding 1 to,lhe vertical JQR SoUnteh hi¥ Mpies the pixel data of

the last line which is stored in the middle line memory 1102 to the
lower line memory 1101. Then, the lower line memory 1101 stores the
pixel data of the last line, and thereafter, the line memory means
1131 performs a basic operation.

Thirdly, a flame left end processing will be described.

The flame left end processing performs, when the pixel of
interest is a pixel of flame left end which has no pixel adjacent
the pixel of interest at left side thereof, pixel interpolation with
copying the data of pixel of interest thereto. Further, the front
left end processing performs, when the pixel of interest data buffer
1108 receives a horizontal synchronous signal indicating the
beginning of the line, the following operation.

The pixel of interest data buffer 1108 which received a
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t he nunmber of pixels 240 in the vertical direction of |our-resolution

i mge, and according to the result, it proceeds to step S 802 when new
vertical loop counter 1 is smaller tha@a-240 while it ternminates fikeSEP 2002
i nterpofation of an image when where it is equal to 240. The new pi xel data
Q[2k, 21], Q[2k+1,21], Q[2k, 21+1] and Q (2k+1, 21+l which are obtained
by the above-described operation will be transferred to the upper new pi xel
line menory 1222 in the order of Q2k,21] , { 2k+1,21j, and transferred to
t he | owehoniéwoiekyheneonmmrosygd2P 3 nddcthéngrtier beofinglinlk, &l thé ,line

d 2k+1, 21+1]. In the inmage processor according to the second enbodi nent of
t he presenbrésviend idana éhehendfes Prpic@ISONekd) theNYert idi@d povwecadssiahut i on
imge to high-resolution image having tw ce nunber of pixels in both the
verti cal pantd now eégmiead ti HAERI ONFirsElpides whiphXael scetRCih @Re@aes 1130
for extracting a pixel of interest, an upper pixel, a |lower pixel, a left

pi xel , as@ antéwddt Riaxal buther vars eal tsabidAchekel lddx f ®uread clodti ng the
difference in the FROM ~; ~fi dt ~~$ph 2001 3A144 (~X) 15: ~t~~rfip~ ~;

VVi XbNC7Then,  the left pIxSrRatzapérrdd 1Mebt bestedichectian baged dapan the
data of upper and | ower pixel, the horizontal subtracter 1114 for

cal cul at bage 4 & 1dinkf, CARAGE JrB akeBEr NOFHZ QAL Al n e ARCHE 2R NAS9dpaYnshe dat a
of left and right pixel, the vertical arithnetic device 1117 for

cal cul atizng.the a/&rrtajtggh_correcti on val ue based upon the difference in the
vertical direction and the distance froma pixel of interest to new pixel
in the vertical_di i an, I Lfhret i eyl c or

!cul ating thgoﬁgﬁﬁg%'nglflrggrgrggﬁ%%ﬁkﬁ%%%%e bgé% %%eaeegijc%%g?éehce in

t hori zont al #lLr ] : i of I i fonkn St ¢t O Nnew
pixel in the hg?lilazg%ﬂé Q&%ﬂc%?ﬁn&%ﬁ%%ﬁ% %%v?%mgéﬂeé{) e et 0 Dae
for calc ' t;he of,en ' LGP Y left,
upper ri gh?&%%tme:} Fgﬁ’?ﬂafﬁg f%\ém% ég};aﬁ{uﬁl g‘l{gréﬁﬁgf IjJl) tg{%égéd%%%g(rg upon

t he data [ N to,t eLtl reec i he
hori zont gﬁgcgé%itﬁﬁh\%?%g? %tnglfgﬁ\é %?%?gﬁgggg’n%%%; }g%%&%@%@?’di ng the
dat a of pi - Whi i . d_by. I d cylator 1235
t enpor ar Pr?r‘é’h %ﬁ@%’%&ﬁ’? t ?%{j&ﬁfe:lg g‘treg ggqlurg%? ieglg}l\%l%fr(e?r?ft ﬁ‘é%ﬁ%ﬁ’r q:Ih%ft new
pi xel of hLgh- o ' N t 0Sh L pxel i de such
that the fg%g% %ﬁ% {D/a éuecegsglgg‘a%%gf ISt ’a%eeg1 1&rhtgmqgf'§g<1él P%}% B‘h{@r‘ stﬁlg?e v4 the

hat th ._ . : . . !
oth the ragewgytagkoflfgomf ggﬁéemgapr{o%%t é?ﬂ?aalnggﬁfc%ﬁt%' IR Q%8 LP&ye

processi ng speed by reduci ng eratio mai ntai ni ng t he

appear an ro idgqt f t rr.or of the pixel data as well as provide
i mages wﬁﬁﬁgéhgl?%néégsls}%v‘(ngf‘ o%?elgar%%flﬁi ng edge parts of the inage.

(Enodi nent 3) o,F, & QMeehé-AileEodey ibbp:) Hpvhfhinchothed el © M-

. during the horizontal synchronous signal indicating the end of the
line, the data would not be shifted from the line memory means 1131
to the data buffer means 1132,

Here, the right pixel data buffer 1107 copies the stored pixel
data of the line end to the pixel of interest data buffer 1108, and
the lower right pixel data buffer 1110 and the upper right pixel
data buffer 1112 output stored pixel data of the line end to the
lower pixel data buffer 1111 and the upper pixel data buffer 1113,

respectively. Both the right pixel data buffer 1107 and the pixel
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The ‘i mage processor according to a third enbodi nent is one which converts a

| ow-resol ution i mge of horizontal 320 x vertical 240 pixel to a

hi gh-resol ution i mage of horizontal 336X vertical 480 pixel wth 17 SEP 2002

i nt-erpolating to twi ce nunber of pixels in the vertical direction, which is

used for image processing for generating a flame screen by inter poI ating a

field screen of an interlace signal such as NTSC signal which is used for

current TV broadcasting. Figure 13 is a bl ock diagram show n

const r ucPf ohnefrasie dawagbupf e essby cadcorarhdgitco dehe ohithe éﬂcﬁeéll fent. In

figure 13, the sane reference nuneral s denotes the sanme elenents as in

figure 1ln’9¢r¢$*gatGhlazrl‘al!%@nﬁieﬁcm@sfbﬁmﬁev@rm kk¢ 14t pizel davatug LaRans,

constructed as follows. To be specific nunerals 1115 and 1217 denotes t he

sane el et sannsfarputee bixel datguvlelch?is 28j8calenbbe pinhe odppderasty pi xel

data cal culator for calculating the data of new pixel for interpolation at

upper of api keft cfidenterm=tf, 4A82ACcHdenppes milkell dater bnéfepiliél aut ghe

cal cul ator for calculating the data of new pixel for interpolation to the

| ower of Lpwael pofel Hareduff23351 tlenodresstareewhpi peke datatacahd¢ohat®r whi ch

is constituted by the upper new pixel data cal culator 131S and the | ower

new pi xehddlatentcahe phiaebroli3t@rektrthare uppertdmel Hebdwexes Bixt tiarepEans 1330

t he i mage processor according to the third enbodi ment has a configuration

havi ng omekpeck ived y,ehdpt kete atatea , buhé erinkl @8manyl ridwns| @81 eardl phecessi ng

path 1106 in the pixel -selection nmeans 1130 in figure 12. Figure 9 is a

di agr am detasbhustdemgene po3i tpentomfus nieas i xplerat FREAM ~~~0#~$Ph 2001 3) A48
15 U3/ ~titl5 uU x~-ra~s~0o~~0~.~ . , ~ 7 SEP 2002 ~o0 which is

i nt er pol at ed byctbedimmge these Es0rf lace@ndiprgpceosing, etéen dhembedxaknt. In

figure 9, "0" denotes an original pixel of |owresolution inmge having a

pi xel i nberpdedeaitngs 'shituat&d "atdenoieaq partews Flsak wfichi ghes fsohaveon

i mge. Further, a new pixel matches the position of original pixel, and is

posi ti onad &djzep@i pixsthbehirysstdsbanihd porel be rtegiesa) tpexsdiacenthe

vertical direction by 1/4. Have in the absolute value, the intensity of

origi nal ppik¥el sanfe AL14988, tONEARAtNEMmPivaele 6f POkland DOerake,

desi gnated as P901, P902, P903, Q09 and P05. According to this pixel

arr angenmefkreBy Ird 18 10y PhXEAFamAnetyr s angaduak efylalev pEREVadf-of.romt he

original pixels so as to neke uniformthe appearance probability of error

of pixel data. Thheng vayl,aese GaleCHbRdiPmeafBUI3 1l Snd &fHe tetla haaduse it is

necessity to create all new pixels in the arrangenent, by enploying a

simlar geRéhselas: idant Beoseagdaeobash Rkl Ofr iRGepE S ankol OVEHixen,
of interest data buffer 1108 and store the data of pixels which are
. adjacent to the upper, the lower, the left side, and the right side
of the target pixel into the upper pixel data buffer 1113, the lower
pixel data buffer 1111, the left pixel data buffer 1109 and the right
pixel data buffer 1107, respectively, by basic operations for
shifting the data of pixel which is input from the outside one by

one, and four flame end processing.
Next, an operation of the arithmetic means 1133 will be

described.

The horizontal subtracter 1114 receives as its input the right
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t he operation anount can be suppressed. To be specific ,if

di fy=(1/8) (P903-P902) is first calculated on the basis of original 7oi xel s
901, 902, 903 the arithnetic expressiossfor calculating the i nt endi tySEﬂ‘ 2002
new pi xel s P04, @05 becones as foll ows, @04=P901-difx @05=P901+di f x
and, a nunber of tinmes required for calculating the intensity @04 and Q05
of two new pixels fromthe intensity P901 of pixel of interest F ROV
~'".;~#Ho~gPh 2 0 01 ~3 A1l4ti I n) 15v ~i ~a~mv Vv i xanr ~ ~ ....
..) ... -pixelldht SHroZpOize rihhareiidlr aetd ibuwEseaddiori am ahe 18T pikdlon and
one division. Hereinafter, an operation of new pixel data arithnetic neans
1333 wi | |ddmn desartied.efthpixel tdatal baabéx aqoer, did ubec&ttehasléfts i nput
the |l ower pixel data fromthe | ower pixel data buffer 1111, and the upper
pi xel datpisidloantherdbapere pdixglt gakan Aakberand b3rp@idEhsUdd fAGleack i upper

pi xel data fromthe | ower pixel data, and output the difference in the
vertical the aeriosntizl dheeyeidr ¢al tigg hokipdntaldayitinekdt/deviike VEId. cal
arithnmetic device 1217 shifts the difference in the vertical direction

lef tward dhe BoBiisntd) ir 8t @t QUERYLc4 Ne 19anitGah e € QlcbeEFi®Tbntal g tO the
upper new pi xel data cal cul ator 1318 and the | ower new pi xel data

cal cul at oftHe349st divee YRPRRIritRW R Xl reddt 8n ClomUb B o2 38 ek BECILYEFAS 1S
inputs the vertical correction value fromthe vertical arithnetic device

1717, andyiha daha péndid&re2bnkot &f axdril6a041 Ne Rickebn P dnidt BLesitdat a
buf fer 1108, and subtracts the vertical correction value fromthe data of

pi xel of ¢xd @besioiuh QULPEEtidle vARhe & nBEhiiChadPEal I AIRQ! #iipQn at the
r of pixel of interest . The |ower new pi xel data cal cul ator 1320 adds

U vertigal veot{gst isuBeyabusr 1915hedalas s PLxahplls ichkSI&adr gkiout put
the data of new pixel to be interpolated at the | ower of pixel of iInterest

to the | oygra BV RIREh ol NG iFRADEN: 2l B4 Bred 18 1UPRET £ REWPREXGli el N@adEEMOI'Y
1222 stores the data of new pixel to be interpolated at the upper of pixel

of i nter egtodtnd dgle PixdiNgatd B0rEeRahes] Yhd SBATacRRtIQUGR: plkei e 1

line in the or

data from the lower pixel data, and output the difference in vertical
direction to the vertical arithmetic device 1117. The vertical
arithmetic device 1117 multiples {(coefficient 1/2), (the distance
in vertical direction from pixel of interest to new pixel) and (the
difference in vertical direction), and outputs the vertical
correction value to new pixel data calculator 1134. The new pixel
data calculator 1134 receives as its input the data of pixel of
interest from the pixel of interest data buffer 1108, and adds (the
data of pixel of interest), (horizontal correction value ) and
(vertical correction value), and output the new pixel data.

Next, an operation procedure of the operation means 1133 will
be described with referring to figure 1.

Figure 1 is a flow chart showing an operation procedure for

performing resolution conversion of an image of S x T pixels to that
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2~QQZ of storing. The | ower new pixel line nenory 1223 stores the f7t%§§f
new pi xel to be interpolated at the | oxwer of pixel of interest by | i 3802
hi gh-resol ution image, and output all the 1 line in the order of storing,
after the upper new pixel line nmenory 1222 output the data of 1 line.
Hereinafter, an operation procedure of the new pixel data arithnetic neans
1333 will be described. Figure 10 is a flow chart show ng an operation
procedur e£f &r xperpimatisng resol uti on conversion of horizontal 3200x verti cal
240 pixels to horizontal 320 x vertical 480 pixels with interpolating to
tw ce nunber ofinpfi@iBeiln $hienveesiacplxali hembeonfilowi-besohpgenpins@ssor
according to the third enbodi nrent of the present invention. In figure 10,
dify, Kk, ik thePndenebesathaisareisl enerdénodsst BOpexeD AbflHre o Qowti gure 8,
and there are relations of 0<k<320, 0_<1<240. S1001 denotes a vertical |oop
defaul t sRkbiQgidR ifagRe {Prhsaidritigal B rkBtidm] X\Hinbeel G piNar haddea el at ed
to the vertical |oop, which assigns the initial value O to the verti cal
Loop counjeh; dn-pddR 2 801PiR8gHOI 28Rt RbrilRRRaled Atdcl 18RY 1 R@nbReStep for
setting the initial value to a variable related to the horizontal | oop,

whi ch assi;gRs hifpdPidE i AldSo Put o RRahor iF WHeA ke OOPaC AYREEELdn, S1003

denotes a correction value calculating stép for obtaining the correction

1oL A LBk e gD, 7T (o

1 5. 04{~ r #~ o] _ , 17 SEP £002 - _ 53 verti cal
correctign X{ié‘f‘o db@éﬂffe Cé{f %‘xzé&?gt Q}é b LyedElKa; dddichl % heddeds: S1004
PR ensf{y al'cul ati'ng step g

or obtaining the |ntén5|ty of two new

otes a
Hel S, ‘é%‘lég ajtccaét]ﬁ%%%g?ci‘é}} ,'1”53{@&!0 Va Feke 21 93%;?;3%%}?{8&6) x4 Bey@%ﬁsk, 21+1]

iPterpoI_ . er IC) pI xXe ||nterest_an : _|nten5|_t N
QK21 T Rer gt BB e B e MR A BB O o ok
hori zont ga| r{o%rzoﬁegfl U3kep; & udg ?eﬁatégr%l gggjo,g@mtaﬁe 168PC LYt of

n
hori zont oop repeating step Sl%b t hroug and it"conpares new

hori zont @[V}\cj,?ﬁptdﬁgb'gégr akiR?é&ji'l dé‘lgéfggidhg%h%i%o c}fh%et}"%iiggi“ @%,IJ!]OOD

counter nunber ~of pixel orizonta Irte ol of

| OWE 1 esolﬁwﬁg Y'lrrgggoﬁgg_da agggﬁ(ncgiggpgg Engeé&iﬂfun ide %&Qﬁﬁﬁgﬁ %%e%_t ep

S1003 whe new hori zont a coun I's smal | er while it
proceeds tQ p 1Ly 1 e tical

| oop conélxﬂésgﬁ'jaﬁégfi%g s%;e[)k%%Art%]oglg&?ﬂn%I%nxgzéeLnTﬁé@ ggé?t ?‘ggféﬁl %‘(’)‘[y)&?épeati ng
step SlOOZdthgyg@_81006, and it conmpares new vertical |oop counter 1

obtainediﬁ§ a ng 1 to the vertical |oop counter 1 with the nunber of

pi xel s 240 In thevachieal digsehlag ol laty stgbublon.dimggy andaecor d g

to the result, 11t "procee verti cal "T'oop’ counter 1
is small .epgittc*x‘laé‘; %?8 p%lej\ll%eteact:t?%@ltr}%tlfeosr' 'téﬁ!add"\}fe{ %'agtcli%%cfeiox%‘. | mage
”nltl equal "to ; w pi Xél “dat a K, 2I'j"an , 21+1) "are
CU|atgﬂmp%ogggontal pitch px 1s calculated by S/X/2, and the vertical
pitch py is calculated by T/Y/2.
5102 denotes a vertical loop default setting up step for
setting initial values for variables concerning the vertical loop,
and it assigns the initial value "0" to the position yy in vertical
direction of the pixel of interest, the vertical coefficient b, and
the vertical loop counter 1, respectively.

$103 denotes a horizontal loop default setting up step for
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~p0~ -54 above-nentioned operation procedure, and Qk,21] is tra ?egéﬁd t o
t he upper new pixel line nenory 1222-#nd q k, 21+1] is transferred 1o eZ007
| ower new pi xel line menory 1223. Accordingly, in the inage processor
according to the third enbodi mrent of the present invention, the inmge
processor for converting |owresolution imge to high-resol ution inmage
havi ng twi ce nunber of pixels in the vertical direction includes a pixel
sel ect i Getidans nild3elfvaluest FucYihighd egioaacesrinhties BI¥izentalpbrar i xel and
a lower ixel, the vertical subtracter 1115 for obtainin p ( P 9 the
di f f er erod@ i ashégnetthechtitdialevaium” Ohtediepasiig ionh Whin dardzertalpper and
| ower pixel, the vertical arithnetic device 1217 for cal culating the
verti caldicectéot i oh pistaleofnintwresasi sheothorheonlidlf epehticiientt Ae anak ti cal
direction and the distance froma pixel of interest to new pixel in the
verti calthdi hectitomsal hoarewopnxet idatr@seatcinedtyor 1335 for cal cul ating the
data of new pi xel which are positioned at the upper and the | ower of pixel
of interest orsioheddrastess afinttleastlay @adéupitiely oferd fdrerestukatd nightheverti cal
correction value, and the nai ntenance neans 1234 for hol ding the data of
new pi xelnt\Whisébyi of cedw iddeadahy tihe ineenpivelofdata sotaulgafry 11335
tenporarily and outputting the data sequentially fromthe upper |eft new
pi xel ofcdicghatesobyti on i nage, and the position of new pixel is nade such
that the absolute value of the distance from pi xel of interest in the
vertical direchirmis=1¥kx, Yhereby:t-r, oyl ngr pi-aGess) ng speed wi th maki ng

A f orm t he appearance ratio of error of pixel data and further reducing
the anmount of cal cul at i+onp[R%, yyF Re@kk;yy=D1)&t; ph 2001 3A148 f~k)
15: 05/ #a1l5 00/ e3803823526 P 12 ,1 7 SEP ?_002 -55 well as obtaining an
hi gh-qual ity igmgedehbheshamaiessnval hawisredgenpaitsudit e skepgeobei ng
snoot hed . Though in the above first to third enbodi nents a pixel data is
assumed d:0 du@aenhy hédenst fondal acoé e dlienel, did ity kaleelotedaya or
color difference date of RGH, GWK, and the like (with the sane effect
descri begh8RQVenar goPbicitad piEER t fierto tRet REr faonthlt odvilcd eibedi ments an
i mge processor and an inmage processing nethod as an operation flowhart
are descri bed, s 198 n688s b HoRALbALA RbeF rEOIPAY @hrPERETAMoMpREDs b5
recorded in a recording mediumsuch as ROM and operates simlarly as the
| Mge Prochs §biGdimialiad gl thd Reritésdall 8ok bt I saRDETENE €sVB idvh e same
ef fects obtained. APPLI CABILITY IN INDUSTRY As nentioned above, the inmage
processog,z4,nanuege PEQHARIBIwith the comparison result, it proceeds

to step S108 when the horizontal coefficient a is smaller than or
equal to the threshold value, while it proceeds to step S107 when
. it is larger than the threshold value.

§107 denotes a pixel of interest right shifting step for
shifting the pixel of interest toward right direction, and the
position of pixel of interest in the horizontal direction is shifted
by xx=xx+1, and the horizontal coefficient is shifted by a=a-0.5.

§108 denotes a horizontal loop conclusion judging step for

judging the conclusion of horizontal loop which is repeated from

step S104 through 5108, and it compares new horizontal loop counter
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met hod and the image processing progran1recor§%ng nedi-um’ aEEBFUIhY ‘€0 "t he -

present invention can obtain high-quality inage with sharpness in spite of
requiring a |l ess anount of interpolati3dn arithnetic to increase anjqnggp 02
resol ution, short processing tine and snmall scal e hardware, and further, ?Q
is possible to make uniformthe appearance probability of error of

enpl oyi ng a pi xel data when a pixel arrangenent which m nim zes the
arithnetic operation anount. FROM ~~i ~&?$0~Yh 2001 3A148 (~k)

15. 05/ ~r kM ildh 160s1e BBRICBP Sl iAglB to56h&CipAkd/b nhimbéhet iragaipbAtEsSi Ng
apparatus which converts a low resolution imge to a high-resolution inmage
conpri si Bgre@t K3 f IEIGBCEO0] MBS im@fe s ALt IR0 adcPideiceolvitMt &St Whi ch
is located at a position closest to a pixel for interpolation to be newy
gener at edohpi¥essh pe¥el €, (haf@ideatibalo s&dgPl ¥4 WRELHERhdrQ zaBtaNeVsPpi Xel ™)
and adj acent pixels adjacent the pixel of interest fromthe pixels of the

| aw- r esokBhh Ol | KBGE sma@3PECin MLy, wAlte NeWrbbesds dat acegl Lwsalhen neans
for calculating the difference between the adjacent pixels putting between
t he pixek¢ofsiddf1eslo xQbt ai ning the anendi ng value on the basis of the

di fference and the distance between the pixel of interest and the new

pi xel, and cal gyhgt hBflotde daj&r4Rlaye Bl rf NS MR XBlatdRgt BEePapds Of the
data of the pixel of interest, the difference, and the anendi ng val ue. 2.

The i - , vert oo .
€ 'mg%ﬁ&@fﬁﬁid‘ﬂe%@?@c%'CSQfEP&Ve&rt,Saerfdelé’%ec%%%é?%hrb Qﬂlﬁ?ng a

hi gh-resolution 1mage including: a piXx S ction step el ect

pi Xl of Bt eLesicaicAllchop) opalad oprasaRSbbor elaaent to a pixel Tor

"erpol atronto ner at ed between pi xe ereinafter, sinply

erred o as HEWAINEL's Jo AL AUAGIIL; DX ehoe AACER L IEREED Of

interest, respectively, Tromthe pixels o owresolution i mage, and;

new pi Xeleedal gnoalicly 3hl AbALe, ke AULALRE N M enALITALEDERS oTSEP ~OP2

bet ween t'he adjacent” pixels tween the pixe rest

FROVE ~537 1R 5RBoPA0Tc 1A AP hotp B AR rbbuie) 18 prdiUeRs 303823526 P 1

4

S112 when the vertical coefficient b is smaller than or egual to
the threshold value, while it proceeds to step S111 when it is larger
than the threshold value.

5111 denotes a pixel of interest downward shifting step for
shifting the pixel of interest in downward direction, and the
position of pixel of interest in the vertical direction is shifted
by yy=yyt+l, and the vertical coefficient is shifted by b=b-0.5.

S112 denotes a vertical loop conclusion judging step for
judging the conclusion of vertical loop which is repeated from step
$103 through S112, and it compares new vertical loop counter l, which
is obtained by adding "1" to the vertical loop counter 1, with the
pixel number Y in vertical direction of high-resolution image, and,
in accordance with the comparison result, it proceeds to step $103

when new vertical loop counter 1 is smaller than Y, while it
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1 7. SAP Q002 - -57 obtaining the anending val ue on the basis of the
difference and the di stance between the pixel of interest and the new

pi xel , and cal cul ating the data val ue. gf. the new pi xel on the badi & &fptmz
dat a of the pixel of interest, the difference, and the anendi ng val ue) 3.
The i mage processi ng programrecordi ng nedi um havi ng stored an i nmage
processi ng program perform ng conversion of a lowresolution imge into a
hi gh-resol ution image therein, which programincludes: a pixel selection

step for (sehneehtayg @-ﬁlXth@fpéert@bﬂstV\ﬂl Ghabs WGl €diAtleqdaPOS ki.ON
closest to a pixel for interpolation to be newWy generated between pixels

(hereinafter, sigRh¥ fiRiRS p8dcd &3S acPEVER b the @BPS@%@B&ﬂﬂerﬁi sgl s
adj acent the pixel of interest, fromthe pixels of | owresol ution

i mage, regpeqhiuplVon ,ar{fiixe .-dﬂg&‘é péf%@esggg:af&alc%%/@}{:%{% %@&éé’él&%ﬂ' ni ng

the difference between the adjacent pixels putting ween the particul ar

pi xel , qb i @l ng, t qlqgglngggbﬂg: ) ug_amg) g {?asllﬁe\%of (3I fd n%rc ﬁ‘g and t he

di st ance Detween t he i nt eres he new pi xe cul ati ng

the data yaldigcol, tNEEW faielean 4 pesi 3, of L, datdof e piyel of

I nterest, eren e ane f':'h ng va I mage processor as

defi ned | r.ei ectlon Qeans, i.S_one |ch sel ect s,
data A of %@Hﬂ)}é X\ngf%x%%t 8%31&&3&‘%@%?0%3 esc?llu?l on |lr?1§’§5 pJxrlggca{t ed at a
position sest

| f fih
2001 ~ 9P(“‘ﬁaoa‘(.fi:dpI gg}g%tg;pj;,{‘ﬁerQﬁeg%ﬁ@lé%g%&%%r 115" f°r7 SEIP
02 - - h ft d
2 ween Fﬁﬂi&“& %’X?h ffé’é%ﬁr’%?l :}Lgh"%rﬁﬁbcrég%e &gﬁt%ﬁ?%'%’é"néggv%%mlofbet ween
t dat | the |0 | ut dj t
Che. ot xel s SpReE e 1%«%.8&3?? qfba's b o Leanfal ESBPr it MEEReor the

ictyre of interest at owe

| | h
hor eotapealakd g’eﬁ@? Sftfegﬁte"fsfaevﬁmrdﬁm?o|daff6hlcmaetf5draﬁm the

i xel f t fi d d E | f th

Floi/(\fr egol i gﬁ&S r %‘a@élﬁffe?t%%eregé? Ilﬁg1 ? ﬁtgﬂ?é ‘lggﬁf’glg%'(glel Yher egf
dth t | | t whi |, at ta F f

hew pi %@&ﬁﬁﬁ%ﬁ*% e Shr it 'Oﬁu?%ﬁesﬁt'rfﬁ@gg%&“ea°ﬁoﬁﬁ%a| 0254F PEALGI 1 2)

1(15;03 * (JJ./EQf nce in verglca adslrecglorcxjaatn% '@hgfdlpsltanceoérolmntaegfitl (%ata B of

interest to new pixel in vertical direction, the horizontal
arithmetic device 1116 for calculating the horizontal correction
value on the basis of the difference in horizontal direction, and
the distance from a pixel of interest to new pixel in vertical
direction, and the new pixel data calculator 1134 for calculating
the new pixel data on the basis of data of pixel of interest, the
vertical correction value, and the horizontal correction value, and
further, the intensity F is calculated by F=A+(1/2) (E-D)+(j/2)(C-B)
on the basis of intensity A of pixel of interest, the intensity B
of upper pixel, the intensity C of lower pixel, the intensity D of
left pixel, the intensity E of right pixel and the position (i, j)

of new pixel. Thereby, it is possible to reduce an operation amount
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pi xel , data C of lower pixel, data D of left pixel, data E of T ght pixel;
and the position of the new pixel (i, j ) which are represented b

di stance "i" in the horizontal directi4¥n and a distance "j" in thﬁ -Ce% CZ(QpZ
direction fromthe pixel of interest to the new pixel . 5 The i mage
processing nethod as defined in Claim2, wherein: the pixel selection
process is one which selects data A of the pixel of interest of the

| ow-resolution imge, |ocated at a position closest to a pixel for

i nt er pol &brobntexrdyel atewigy inngas ethd ter eprafe ¢he pufsisédgt vpexsi,” apdy pi xel ")
bet ween pi xel s of the FAOPA ' ~; 1~#is~''.Ph 2001 3J149 (~k) 15

06/ f 3r 11¥5r08ér, 380G GRE1PL1Gimage BEPh ~l2Zpnes$53d oltrésad wiithnut mage
havi ng di stances of "1" between adjacent pixels, data H of upper pixel of
the | ow sesotuingmi nege adracentintalge.pi xel of interest at upper side
thereof, data C of |ower pixel of the | owresolution inage adjacent the

pi xel of (Embedfmdntat2) ower side thereof, data D of |eft pixel of the

| ow-resol ution i mage adjacent the pixel of interest at |eft side thereof,
and data E of mheghim®ixelroebssbe dcevwraesdltet & Geconaoendinesotid bre pi xel of
interest at right side thereof; and the new pi xel data cal cul ati on process

i's one Waihghn CRfvdrdises Meesoeatwlma§elofcﬁapp§dﬂglt hgo highiggel ution
image by a fornula of F=A+(i/2) (E-D) j12) {CGB), on the ba5|s of data A

of pixel ,Qb #amarse% atih BeQb1tP 1R%§§|of 8k . dneqhy k@erqlt)i@L,\?, data D

of left pixe data E of T1ght pixe hé position of the new pixe

whi ch i s ¢geppeeand adchyim digshabtsy tio td:ﬂ:et fﬂ%mh@f'o@?iﬁéléjhhe@édrpefand a
tance "j" in the vertical direction fromthe pixe interest to the

Pi XelehebnodPEortB0@nR 968E&I 10 dieOE HHri2) HRAI 4B iR idediRedl ai m 3,
V\,herel n: the pixel selection process is one which selects data A of the

pi xel of ¢ont§fR3ho2htibe kewdRse! Uin@Rri MROGedtacal ednal b A9ShEALN

closest to a pixel for interpolation to be newly created (hereinafter,

referreddi@e@iodeWRiXR! "arebaiaraeNemidRled Ofn t B€solution conversion
processing so as to suppress arithmetic operation amount to the
minimum.

Figure 12 is a block diagram showing the construction of the
image processor according to the second embodiment.

In figure 12, like reference characters as figure 11 designate

. the same parts, 1233 denotes new pixel data arithmetic means and
is constructed as follows.

To be specific, 1114 and 1115 denotes the same elements as
those in figure 11, 1216 denotes a horizontal arithmetic davice for
obtaining the horizontal correction value by shifting the difference
in the horizontal direction leftward by 3 bit so as to make the same
to 1/8, 1217 denotes a vertical arithmetic device for obtaining the

vertical correction value by shifting the difference in the vertical

direction by 3 bit so as to make to 1/8, 1218 denotes an upper left
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CEP 2002 - 60 |owresolution inage having distances of "1" betwegn §EP 2
adj acent pixels, data B of upper pixeld4iof the lowresolution inmage a jacgglq
the pi xel of interest at upper side thereof, data C of |ower pixel of the

| ow-resol ution i mage adj acent the pixel of interest at |ower side thereof,
data D of left pixel of the |owresolution i mage adjacent the pixel of
interest at left side thereof, and data E of right pixel of the

| ow r esolréw pDxéIRGE addhaceNitdrieoPicsebuitiny enesfatatos ngbtpisdederdher eof ;
and the new pi xel data calcul ation process is one which cal cul ates data F

of new piplergoMROSbMIat NppairgNe freTH BLkOD JfMRfECestyd 9] MHeno0ls R +(i/ 2)
(E-D) + (j/2) (CGB), on the basis of data A of pixel of interest, data B of

upper pi xfglperdat gn€ v IvRL 8hd€lcardaidcdd dorl €iiciaxehg € @aabadde ri ght
pi xel , the position of the new pixel (i, j) which is represented by a

di stance ndy piRel NeoNOLhZHPAlatdbh e | YPpe@ndi grhdick BDREL "df ihBefdgk vertical
direction fromthe pixel of interest to the new pixel . 7. The i mage

processor; 3% gefoiiedal Nofd Al1Qe¢ nMNBL L N a2 VDR 19808 e8P dNBu1ating
hi gh-resol ution i mage having tw ce nunber of pixels in each of the

hori aont alpAnds¥est i) ﬂiiechépqﬁ%?r%ss?ﬁ%ﬂ%&ew& il@@tié‘fi%ﬁﬁeir@f

position of new pixel is set by m sol ute val ue of "t he di stance

"i"in thy Li.Z20N ik i t o] E 1 vzl &Pf i 2001
3~14Ao<1r111§’.t%%/e-'§|zft$5ﬁolofy htes ol %Q%rfg’agtl’tff’es‘%z@%f? fod?g-g cqheiaLe gn’?g "ivin

the vertiGale dLEerl! Al Hadl 1GeR! dfle0kol Miftieipbi RO 4o {SRReELINE Y, and

w new pi xel data”cal culating meahs i's one whi en cal culating data
e 2l ok Pl 8F UealGiL P XSlolRgal ool ARl Sldy MR Gl
Vo011 2) (CBIUAGO ek Ee) 1, REREL P T, MR DR T R AT e
FA=AEXHY. o a1@h1 108r | {208, ANHAC G350 RI {Hi9dw A5 L6 14189 LD ARl ¥41er el n:
the lower left new pixel data calculator 1220, and the lower right
new pixel data calculator 1221.
Further, 1234 is a maintenance means, and is constructed as
follows.
1222 denotes an upper new pixel line memory for storing the
data of new pixel which is situated at the upper of pixel of interest
by 1 line of high-resolution image, 1223 denotes a lower new pixel
line memory for storing the data of new pixel which is situated at
the lower of pixel of interest by 1 line of high-resclution image.
Figure 7 is a diagram illustrating the position of new pixel

which is interpolated by the image processor according to the

embodiment of the present invention.
In figure 7, "O" denotes an original pixel of low-resolution

image having a pixel interval of "1", "[0" denotes a new pixel of



FROM B EHFwHFrf CUULE SHIMU VN L o0 mins £ e o) emm o e o e o e

when generating the high-resol utioni mage having twi ce nunber of pixels in
both the horizontal and vertical direction for the | owresolution inage,
the position of new pixel is set by naki-ng the absol ute val ues oﬂ1qhggp 2002
di stance "i" in the horizontal direction and the distance "j" in the
vertical direction fromthe pixel of interest be 1/4, respectively, and the
new pi xel data cal cul ating process is one which, when cal cul ating data F1,
F2, F3 and F4 of the new pixel |ocated at upper left, upper right, |ower
left, |owgghtiebd10fidmeinigeel rafthdl enest pitaspact hvelnatdiywith the
F=A+(i/2)(E-D)+(j/2)(CB), previously calculates X=(i/2)(E-D)and

Y=(]/2) (Goblt 8ol dfhepigahsulAkes, hrthare YoskBrhed ¥t pfesXwWhicRNte
FO9=A+X+y. 9. The i nmge processing programrecordi ng nmedi um as defi ned

FROM ~r ~a3stafe krbh (B &b §in NEL LN %%QQ&L a33AdBcdPtKe absolute values

15, 07/ ~#A15: 00/ ~3803823526" P 19 '! 7 P zf1 02 - 62 when generating the

hi gh- 1 esQleul,h 08n | FRHG NAVIN ok W €8 HUFISbn 41 Rintel8rt e DOt rbbes diy.i zont al
and vertical direction for the | owresolution inage, the position of new

pi xel i s pyade, i, 384t E@gtﬂé"grf?ﬁglui)?xéhj?é Hes; ﬂ, 70Be7 64 Steangfa 7os ddy t he

hori zontal direction and the distance "|" in e vertical direction from

the pixelenfndbEkON oBO1cl, 407! FERORIY ¥l des AlA BRSNS DI KRy UFI Y,
whi ch, I

cal cul ating process is one When cal cu ating data F1, FZ,” F3'and F4

of the n i X 0 pp ' er i er left, |ower
right of %\tﬁlﬁg'p?i’(%%' g‘?}ﬁ?ﬁt ?r@é’f,s?%ig‘fé‘?t e 9.“{)%?%%&%1%%)(5 D) +(j/2)(C B))

KRN R L

A- X-Y, F2=A+X- e I hmage processor as

I ned iQng Fgg%edwg%r%?Péﬁtng£4 Is %ﬁk&?&%%”0¥§§9§aisp QM“E%Q sel ects

data A of pi Xé Intere oCcared at a position cfosest“ito a pixel for

i | at | w d (herej pafiter, si
. Rte\‘fvr B?X:é}ﬂp%gﬁé&:/\e - r%ebabﬁllgggféﬁaiﬁe e(rr%Frﬁq't:I gn&%& dasé{BJaé(onEeeJ %éliag?ré&ﬁgeas

n pilxe OWr eso n 1 mge naving a

bet ween jacent pi s._being "1" d B_of er. pjxel .af, |, ol ution
i mge ad?@é"&ﬁ? ratﬂh)p()tglélrs sa}xjéggg?m?'hte’ %lth%ef’p%fa#iﬁot%era g@@@ ajtclal tg%\%é?e%v\er
pi xel of Iomhgequggion i mge gjace

because i necessary creagé aa.ltl lol?vl\‘{eel;v pixels. In this second
embodiment, utilizing the nature that the distances from the
original pixel are all equal, the calculation amount can be
suppressed.

To be specific, 4if difx = (1/8)(P705-P704), difx =
(1/8) (P703-P702) are first calculated on the basis of original
pixels 701, 702, 703, 704 and 705, the arithmetic expression for
calculating the intensity of new pixels Q706, Q707, Q708, Q709,
becomes as follows,

Q706=P701-difx~-dify

Q707=P701+difx-dify

Q708=P701-difx+dify

Q709=P701+difx+dify

and, number of times required for obtaining the intensity Q706
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side of the pixel of interest, and FROM ~IT-1<2ph BYG1°9RITE %5 15 **
07/ $#A15 ; 00/ e3803823526 P 20 -63 ,? 7 SEP ~0~ the new pi xel data

cal cul ati on neans is one which cal culgtes data F of the new pi xel aygﬁp
formula of F=A+ (| /2 ) (GB) on the basis of the data A of pixel 2002
interest, data H of upper pixel, data C of |ower pixel and the distance "j"
in the vertical direction fromthe pixel of interest to the new pixel. 11.
The i mage processing nethod as defined in 'Claim2, wherein: the pixel

select! U BL8GPRY §f%%rv\mpvfgéf§#§?&§mdﬁteai s iR 0106 IRLEIiGeYL | ocat ed

at a positi sest to a interpolation"to be new y generated

(herei ”%{f‘ fﬂteéé!%pkife ro%flﬁr{e%dt ﬁ?eé%déi‘@%rfhé%'u" QSEi’&an&“céﬁ'é%n% N
| owresoluti on 1T nmage having a di stance between aéj acent pixels being "1",
data B Q{ivligggrr] pi xel of |owresolution inmge adjacent at upper side of the

pi xel of interest, data C of |ower pixel of lowresvlutivn i mage adjacent

at | over side of L. pLxel; ObpknLer &by (ARCS 8 oheus P Xgly 938 ardidhoul ation

process i s one Wh at’es e new p1Xel by ormul a of

F=A+ j_ 12 - .op the basis of the data A of pixel of interest, data
i or uppee whsand tha PPt TnRE rouPnel LR Sl £ oPhitehn ' feine
vertical_.direction fromithe pixel, of interest. to the new pixel. 12. The

i mage prodessAAGHHYY AR FEBQFWHQO"m?B uhY A EEF| ﬁé@ﬁ’ﬁ’“@l aim 3, wherein:

t he pi xel selection process i.s one which selects data A of FROM ~~. ;
f~#$oPfi 2001 Ngtagt PEIPAR GPPALS DR 5665826 P 21 , ~ ~ sE~ zooz . 6a

pi xel of interest |ocated_at arrgositi ﬁn cl osest to.a pixe

| f
"t erpol ati on T'§ BF RN FHPEFaPES heP EPRgt YRR ?séfﬁﬂ"?uféftgﬂ;r%at o as

i xel ") bet w i xel s of .| owresqlytjon i i di st
pet webn SFAEBRPTISIo FEoBC I TORE B HEGR RHSHEF b1t Py uol ut i on

i nage adj acent at upper
g Jf left p{xef)%rom the left pixel data buffer 1109, and subtracts

the data of left pixel from the data of right pixel, and output the
difference in the horizontal direction to the horizontal arithmetic
device 1216. The horizontal arithmetic device 1216 shifts the
difference in the horizontal direction toward leftward to 1/8 and
outputs the horizontal correction value to the upper left new pixel
data calculator 1218, the upper right new pixel data calculator 1219,
the lower left new pixel data calculator 1220, and the upper right
new pixel data calculator 1221. Further, the vertical subtracter
1115 receives as its inputs the data of lower pixel from the lower
pixel data buffer 1111 and input the data of upper pixel from the
upper pixel data buffer 1113, and subtracts the data of upper pixel
from the data of lower pixel, and output the difference in the
vertical direction to the vertical arithmetic device 1217. The
vertical arithmetic device 1217 shifts the difference in the

vertical direction toward leftward to 1/8 and outputs the vertical
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i mge adjacent at |ower side of the pixel of interest, and the ngw Q.e
data cal cul ati on process is one whichygcal cul ates data F of the n g e|Z’UBZ/
a formula of F=A+ ( j / 2 ) ( CGB ) on the basis of the data A of pixel of
interest, data B of upper pixel, data C of |ower pixel and the distance "j"
in the vertical direction fromthe pixel of interest to the new pixel. 13.
The i mage processor as defined in Caim 10, wherein: when generati ng t he

hi gh- reocﬁcjg#tecfa?ﬁh%MW géﬁgﬁ M@Oﬁéw 1 kB xRS eé(;]fm%t\s@rfé

directi reso I mage, position new pi xe 'i's made

by Settl tggegqu q}%evalu ]1F3£Q gcﬁké&%?1zh9 t@e %QEFEQQE di rection

fromt he 1 X erest € new dat a cal cul atl on nmeans
is one whic vvhenclc tin ta 5and F6 of new |er i
adj acentPHt® quﬁ\oa'étr ang Lotwg?ro?z?ﬁ x8te JPPER; &8N 'f s%lex\(,:\ql Var y, by a

formul a of. F=A+(|/ cal cul at es Y=(j/2)(CB reviously, and then

cal cul at"easl"rl’é )Rg%i i%éj F6=A+Y. FROM ~ l(J&l )1(3 n?aspzom 3P-148 (7k) 15
.08/,~"~al5 ; 00/e, 380 23526 P.2 ?2 7S e

processi ng metH§®BESH rfre‘éle‘f F?ll‘f]a dﬁtifaifﬂi%‘?ﬁlggﬂéﬁcaé‘ﬁ%? afi gcﬁ

hi gh-respol uti on i mage, havi tvmce nunber _of |xe Pthe vertical

directi cHRYr tg‘ﬁl YT ohE I b SAFEF5AOR Meges Fﬁ%‘“ FB%‘: T r?év}vt{ﬁ S%° i s made
have t he_absol ute_val ue of d| st ance in the erti directiaqn from
the pi xefe¥Ge; ﬁ?i?es*fh%et?‘?fg‘zf}‘ﬁa aFF #élﬂ’évyapi‘l“fe Tt ec&PEb?%“%n process
is one which, when caJculating the data F5_an | ocat ed

6 e ne
uppera‘é‘rﬂnﬁeﬁﬁxﬁrd%‘f e 2pPx et Dbt fladReRE Plf‘ég ‘egtlinﬁﬁfflst ‘8‘5;8 mul a of

A+(]12)(C 8) .previ ousl cal cul ates Y=(j i anpd._t hen cal cuI ates
) ASE s RLsviovsly sl sulatss U2 et RgE R o
defined in daim112, wherein: when generati n t@&gh resql uti on i mge
havi ng tWe&eRGHERF ‘bcl'“;ﬁc)FéPE Y3 14 8ng eThS 5‘8 l?ﬁr} ORE§rtophgalue
I owresol ution inmage, osi tjon of the new i S made have the
absol ut efXRR §Bedfate af s? of ingaresfAnd PRE ‘g gFr@c‘tai Bh TRt ¥He pi xel
of interest be 1/4, and the new pi xel data_ cal cul ation Erocess IS one
whi ch, mﬁedanteapaitﬁﬁ@d&&t%‘weﬁwn%m‘e% Fmé“?né‘ﬁ)“ﬁ?&élz f ocHSHPRRE upper

and Iovver of the pixel of interest respectlvelegjg %ﬁa formul a of

F=A+(j / 2’53(%1114) N BYKBhs IR Ral AHCHL 88ON=(F}2) £ 4 §¥envertiqsloy
~ 1 ~0~
ol Ocorrectlon value from the data of pixel of interest and adds the

horizontal correction value, and output the data of new pixel to
be interpolated to the upper new pixel line memory 1222. The lower
left new pixel data calculator 1220 adds the vertical correction
value to the data of pixel of interest and subtracts the horizontal
correction value, and output the data of new pixel to be interpolated
to the lower new pixel line memory 1223. The lower right new pixel
data calculator 1221 adds the vertical correction value to the data
of pixel of interest and adds the horizontal correction value, and
output the data of new pixel to be interpolated to the lower next
pixel line memory 1223.

The upper new pixel line memory 1222 receives as its input
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order of Q[2k,21] , @Q{2kx+1,21], and transferred to the lower new
pixel line memory 1223 in the order of Q{2k,21+1], Q{2k+1,21+1}.

In the image processor according to the second embodiment of
the present invention, the image processor for converting low-
resolution image to high-resolution image having twice number of
pixels in both the vertical and horizontal directions includes a
pixel selection means 1130 for extracting a pixel of interest, an
upper pixel, a lower pixel, a left pixel, and a right pixel, the

vertical subtracter 1115 for calculating the difference in the
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positioned at upper left, upper right, lower left, and lower right
of pixel of interest based upon the data ¢of pixel of interest, the
vertical correction value, and the horizontal correction value, and
the maintenance means 1234 for holding the data of new pixel which
is calculated by the new pixel data calculator 1235 temporarily,
and outputting the data sequentially from the upper left new pixel
of high-resolution image, and the position of new pixel is made such
that the absolute values of the distances from pixel of interest
are V4 the both the horizontal and vertical directions. This can
improve the processing speed by reducing the operation amount with
maintaining the appearance probability of the error of the pixel
data as well as provide images with sharpness without smoothing edge
parts of the image.

(Embodiment 3)
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The image processor according to a third embodiment is one
which converts a low-resolution image of horizontal 320Xvertical
240 pixel to a high-resolution image of horizontal 320Xvertical
480 pixel with interpolating to twice number of pixels in the vertical
direction, which is used for image processing for generating a flame
screen by interpolating a field screen of an interlace signal such
as NTSC signal which is used for current TV broadcasting.

Figure 13 is a block diagram showing a construction of the
image processor according to the third embodiment.

In figure 13, the same reference numerals denotes the same
elements as in figure 11 or figure 12, 1333 denotes a new pixel data
arithmetic means, constructed as follows.

To be specific numerals 1115 and 1217 denotes the same elements
in fiqure 11 or figure 12, 1318 denotes the upper new pixel data
calculator for calculating the data of new pixel for interpolation
at upper of pixel of interest, 1320 denotes the lower new pixel data
calculator for calculating the data of new pixel for interpolation
to the lower of pixel of interest, 1335 denotes a new pixel data
calculator which is constituted by the upper new pixel data
calculator 1318 and the lower new pixel data calculator 1320.

Further, in the pixel selection means 1330 the image processor
according to the third embodiment has a configuration having omitted
the left pixel data buffer 1109 and the left end processing path
1106 in the pixel selection means 1130 in figure 12.

Figure 9 is a diagram illustrating the position of new pixel
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In figure 9, “O" denotes an original pixel of low-resolution
image having a pixel interval being "1", "[0" denotes a new pixel
of high~resolution image. Further, a new pixel matches the position
of original pixel, and is positioned at a point which is distant
from the original pixel in the vertical direction by 1/4. Have in
the absolute value, the intensity of original pixels of 901, 902,
903 and new pixels of 904 and 905 are designated as P901, P902, P903,
Q904 and Q905.

According to this pixel arrangement, all the new pixels are
arranged at equal intervals from the original pixels so as to make
uniform the appearance probability of error of pixel data.

Though a large calculation amount is required because it is
necessity to create all new pixels in the arrangement, by employing
asimilar devise as in the second embodiment of the present invention,
the operation amount can be suppressed.

To be specific ,if dify=(1/8)(P903-P902) is first calculated
on the basis of original pixels 901, 902, 903 the arithmetic
expression for calculating the intensity of new pixels Q904, Q905
becomes as follows,

Q904=P901-~difx

0905=P901+difx
and, a number of times required for calculating the intensity Q904

and Q905 of two new pixels from the intensity P901 of pixel of interest
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Hereinafter, an operatlon of new pixel data arithmetic means
1333 will be described.

The vertical subtracter 1115 receives as its input the lower
pixel data from the lower pixel data buffer 1111, and the upper pixel
data from the upper pixel data buffer 1113, and subtracts the upper
pixel data from the lower pixel data, and output the difference in
the vertical direction to the vertical arithmetic device 1217. The
vertical arithmetic device 1217 shifts the difference in the
vertical direction leftward by 3 bits to 1/8 and output the vertical
correction value to the upper new pixel data calculator 1318 and
the lower new pixel data calculator 1320.

The upper new pixel data calculator 1318 receives as its inputs
the vertical correction value from the vertical arithmetic device
1217, and the data of pixel of interest from the pixel of interest
data buffer 1108, and subtracts the vertical correction value from
the data of pixel of interest and output the data of new pixel for
interpolation at the upper of pixel of interest. The lower new pixel
data calculator 1320 adds the vertical correction value to the data
of pixel of interest and output the data of new pixel to be
interpolated at the lower of pixel of interest to the lower new pixel
line memory 1223.

The upper new pixel line memory 1222 stores the data of new
pixel to be interpolated at the upper of pixel of interest by 1 line

of the high-resolution image, and output all the 1 line in the ordex
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of storing. The lower new pixel line memory 1223 stores the data

of new pixel to be interpolated at the lower of pixel of interest

by 1 line of high-resolution image, and output all the 1 line in

the order of storing, after the upper new pixel line memory 1222

output the data of 1 line.

Hereinafter, an operation procedure of the new pixel data
arithmetic means 1333 will be described.

Figure 10 is a flow chart showing an operation procedure for
performing resolution conversion of horizontal 3200x vertical 240
pixels to horizontal 320 x vertical 480 pixels with interpolating
to twice number of pixels in the vertical direction in the image
processor according to the third embodiment of the present
invention.

In fiqure 10, dify, k, 1, Q, P denotes the same elements as
those in figure 1 or figure 8, and there are relations of 0<k<320,
0<1<240.

$1001 denotes a vertical loop default setting up step for
setting the initial value to a variable related to the vertical loop,
which assigns the initial value 0 to the vertical loop counter 1.

$1002 denotes horizontal loop default setting up step for
setting the initial value to a variable related to the horizontal
loop, which assigns the initial value 0 to the horizontal loop counter
k.

51003 denotes a correction value calculating step for

obtaining the correction value in the vertical direction, the
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" 51005 denotes a horizontal loop conclusion judging step for
judging the conclusion of horizontal loop repeating step §1003
through $1005, and it compares new horizontal loop counter k obtained
by adding 1 to the horizontal loop counter k with the number of pixels
320 in the horizontal direction of low-resolution image, and
according to the result, it proceeds to step S1003 when where new
horizontal loop counter k is smaller than 320 while it proceeds to
step S1006 when it is equal to 320.
§1006 denotes a vertical loop conclusion judging step for
judging the end of vertical loop repeating step §1002 through §1006,
and it compares new vertical loop counter 1 obtained by adding 1
to the vertical loop counter 1 with the number of pixels 240 in the
vertical direction of low-resolution image, and according to the
result, it proceeds to step §1002 when new vertical loop counter
1 is smaller than 240 while it terminates a pixel interpolation of

an image when it is equal to 240.

New pixel data Q[k,21] and Q(k,21+1] are calculated by the
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twice number of pixels in the vertical direction includes a pixel
selection means 1330 for extracting a pixel of interest, an upper
pixel, and a lower pixel, the vertical subtracter 1115 for obtaining
the difference in the vertical direction on the basis of the data
of upper and lower pixel, the vertical arithmetic device 1217 for
calculating the vertical correction value on the basis of the
difference in the vertical direction and the distance from a pixel
of interest to new pixel in the vertical direction, the new pixel
data calculator 1335 for calculating the data of new pixel which
are positioned at the upper and the lower of pixel of interest on
the basis of the data of pixel of interest and the vertical correction
value, and the maintenance means 1234 for holding the data of new
pixel which is calculated by the new pixel data calculator 1335
temporarily and outputting the data sequentially from the upper left
new pixel of high-resolution image, and the position of new pixel
is made such that the absolute value of the distance from pixel of
interest in the vertical direction is 1/4, thereby improving
processing speed with making uniform the appearance ratio of error

of pixel data and further reducing the amount of calculation, as
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recorded in a recording medium such as ROM, and operates similarly
as the image processing method in the first to third embodiments
with the same effects obtained.
APPLICABILITY IN INDUSTRY

As mentioned above, the image processor, the image processing
method and the image processing program recording medium according
to the present invention can obtain high-quality image with
sharpness in spite of requiring a less amount of interpolation
arithmetic to increase an image resolution, short processing time
and small scale hardware, and further, it is possible to make uniform
the appearance probability of error of employing a pixel data when

a pixel arrangement which minimizes the arithmetic operation amount.
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from the pixels of the low-resolution image, respectively, and;

new pixel data calculation means for calculating the
difference between the adjacent pixels putting between the pixel
of interest, obtaining the amending value on the basis of the
difference and the distance between the pixel of interest and the
new pixel, and calculating the data value of the new pixel on the
basis of the data of the pixel of interest, the difference, and the

amending value.

2. The image processing method which converts a low-
resolution image to a high-resolution image including:

a pixel selection step for selecting a pixel of interest which
is located at a position closest to a pixel for interpolation to
be newly generated between pixels (hereinafter, simply referred to
as "new pixel") and adjacent pixels adjacent the pixel of interest,
respectively, from the pixels of the low-resolution image, and;

new pixel data calculation step for obtaining the difference

between the adjacent pixels putting between the pixel of interest ,
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distance between the pixel of interest and the new pixel, and

calculating the data value of the new pixel on the basis of the data

of the pixel of interest, the difference, and the amending value.

3. The image processing program recording medium having
stored an image processing program performing conversion of a
low-resolution image into a high-resolution image therein, which
program includes:

a pixel selection step for selecting a pixel of interest which
is located at a position closest to a pixel for interpolation to
be newly generated between pixels (hereinafter, simply referred to
as "new pixel") and adjacent pixels adjacent the pixel of interest,
from the pixels of the low-resolution image, respectively; and

a new pixel data calculation step for obtaining the difference
between the adjacent pixels putting between the particular pixel,
obtaining the amending value on the basis of the difference and the
distance between the pixel oI interest and the new pilxel, and
calculating the data value of the new pixel on the basis of the data

of the pixel of interest, the difference, and the amending value.

4. The image processor as defined in Claim 1 wherein:
the pixel selection means is one which selects,
data A of the pixel of interest of the low-resolution image,

located at a position closest to a pixel for interpolation to be
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data C of lower pixel of the low-resoclution image adjacent
the picture of interest at lower side thereof,
data D of left pixel of the low-resolution image adjacent the
pixel of interest at left side thereof,
and data E of right pixel of the low-resolution image adjacent
the pixel of interest at right side thereof; and
the new pixel data calculation means is one which calculates
data F of new pixel composing the high-resolution image by a formula
of F=A+(i/2) (E-D) + (j/2) (C-B),
on the basis of data A of pixel of interest, data B of upper
pixel, data C of lower pixel, data D of left pixel, data E of right
pixel, and the position of the new pixel (i, j) which are represented
by a distance "i" in the horizontal direction and a distance "j"

in the vertical direction from the pixel of interest to the new pixel.

5. The image processing method as defined in Claim 2, wherein:
the pixel selection process is one which selects data A of
the pixel of interest of the low-resolution image, located at a
position closest to a pixel for interpolation to be newly created

(hereinafter, referred to as "new pixel") between pixels of the
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the pixel of interest at upper side thereof,

data C of lower pixel of the low-resolution image adjacent
the pixel of interest at lower side thereof,

data D of left pixel of the low-resolution image adjacent the
pixel of interest at left side thereof, and

data E of right pixel of the low-resolution image adjacent
the pixel of interest at right side thereof; and

the new pixel data calculation process is one which calculates
data F of new pixel composing the high-resolution image by a formula
of F=a+(i/2) (E-D) + (j/2) (C-B),

on the basis of data A of pixel of interest, data B of upper
pixel, data C of lower pixel, data D of left pixel, data E of right
pixel, the position of the new pixel (i, j) which is represented
by a distance "i" in the horizontal direction and a distance "j"

in the vertical direction from the pixel of interest to the new pixel,

6. The image processing recording medium as defined in Claim
3, wherein:

the pixel selection process is one which selects data A of
the pixel of interest of the low-resolution image, located at a
position closest to a pixel for interpolation to be newly created

(hereinafter, referred to as "new pixel") between pixels of the
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W plxel composing the high-resolution image by a formula

of F=A+(i/2) (E-D) + (j/2) (C-B),
on the basis of data A of pixel of interest, data B of upper
pixel, data C of lower pixel, data D of left pixel, data E of right
pixel, the position of the new pixel (i, j) which is represented
by a distance "i" in the horizontal direction and a distance "j"

in the vertical direction from the pixel of interest to the new pixel.

7. The image processor as defined in Claim 4, wherein:

when generating the high-resolution image having twice number
of pixels in each of the horizontal and vertical direction for the
low-resolution image,

the position of new pixel is set by making the absolute value

of the distance "i" in the horizontal direction and that of the
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the new pixel data calculating means is one which, when
calculating data Fl, F2, F3 and F4 of the new pixel located at upper
left, upper right, lower left, lower right of the pixel of interest,
respectively, by F=R+(1/2)(E-D)+(j/2)(C-B), previously calculates
X=(i/2)(E-D)and Y=(j/2)(C-B) and then calculates Fl=A-X-Y,

F2=A+X-Y, F3=A~X+Y, and F4=At+X+Y.

8. The image processing method as defined in Claim 5, wherein:

when generating the high~-resolution image having twice number
of pixels in both the horizontal and vertical direction for the
low-resolution image,

the position of new pixel is set by making the absolute values
of the distance "i" in the horizontal direction and the distance
"j" in the vertical direction from the pixel of interest be 1/4,
respectively, and

the new pixel data calculating process is one which, when
calculating data Fl, F2, F3 and F4 of the new pixel located at upper
left, upper right, lower left, lower right of the pixel of interest,
respectively, by F=A+(i/2)(E-D)+(j/2)(C-B), previously calculates
X=(i/2)(E-D)and Y=(j/2)(C-B) and then calculates Fl=A-X-Y,

F2=A+X-Y, F3=A-X+Y, and F4=A+X+Y.

9. The image processing program recording medium as defined
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distance "j" in the vertical direction from the pixel of interest
be 1/4, respectively, and
' the new pixel data calculating process is one which, when
calculating data Fl, F2, F3 and F4 of the new pixel located at upper
left, upper right, lower left, lower right of the pixel of interest,
respectively, by F=A+(i/2)(E-D)+(j/2)(C-B), previously calculates

X=(i/2)(E-D)and Y=(j/2)(C-B) and then calculates Fl=A-X-Y,

F2=A+X-Y, F3=A-X+Y, and F4=A+X+Y.

10. The image processor as defined in Claim 1, wherein:

the pixel selection means is one which selects data A of pixel
of interest located at a position closest to a plxel for interpolation
to be newly generated (hereinafter, simply referred to as "new
pixel") between pixels of low-resolution image having a distance
between adjacent pixels being “1”,

data B of upper pixel of low-resolution image adjacent at upper
side of the pixel of interest,

data C of lower pixel of low-resolution image adjacent at lower

side of the pixel of interest, and
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k(1Ur S‘% QQLQ)@ i:).xél" between pixels of low-resolution image having

a distance between adjacent pixels being "1",

data B of upper pixel of low-resolution image adjacent at upper
side of the pixel of interest,

data C of lower pixel of low-resolution image adjacent at lower
side of the pixel of interest, and

the new pixel data calculation process is one which calculates
data F of the new pixel by a formula of F=A+ (j/2) (C-B) on the basis
of the data A of pixel of interest, data B of upper pixel, data C
of lower pixel, and the distance "j" in the vertical direction from

the pixel of interest to the new pixel.

12. The image processing program recording medium as defined
in Claim 3, wherein:

the pixel selection process is one which selects data A of
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side of the pixel of interest, and

the new pixel data calculation process is one which calculates
data F of the nev pixel by a formula of F=A+ (j/2) (C-B) on the basis
of the data A of pixel of interest, data B of upper pixel, data C
of lower pixel and the distance "j" in the vertical direction from

the pixel of interest to the new pixel.

13. The image processor as defined in Claim 10, wherein:

when generating the high-resolution image having twice number
of pixels in the vertical direction for the low-resolution image,
the position of new pixel is made by setting the absolute value of
the distance "3j" in the vertical direction from the pixel of interest
be 1/4, and

the new pixel data calculation means is one which, when
calculating data F5 and F6 of new pixel which are adjacent at upper
and lower of the pixel of interest, respectively, by a formula of
F=A+(j/2)(C-B), calculates Y=(j/2)(C-B) previously, and then

calculates F5=A-X and F6=A+Y.
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"j* in the vertical direction from the pixel of interest being 1/4,
and
' the new pixel data calculation process is one which, when
calculating the data F5 and F6 of the new pixel located at upper
and lower of the pixel of interest, respectively, by a formula of

F=A+(j/2)(C-B), previously calculates Y=(j/2)(C-B), and then

calculates F5=A-X and F6=A+Y.

15. The image processing program recording medium as defined
in Claim 12, wherein:

when generating the high-resolution image having twice number
of pixels in the vertical direction for the low-resolution image,
the position of the new pixel is made have the absolute value of
a distance "j" in the vertical direction from the pixel of interest
be 1/4, and

the new pixel data calculation process is one which, when
calculating data F5 and F6 of the new pixel located at upper and
lower of the pixel of interest ,respectively, by a formula of

F=A+(j/2)(C-B), previously calculates Y=(3j/2)(C-B) and then
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