COMMUN CATI ON APPARATUS %&]\H}% o coLr Pi CIURERIRIACED SHEETS

IALLY- CHANG NG TONE PI g‘#ﬁﬁ MDescnpl.un : paged ...J... o paged...q.é.... ;
hi™s Vi gentlon rel ate<

DESCRI TI ON RCIAR ML Yaged %m pages
appar atus and net hod of nnnochronatlc COﬂtIﬂLQﬂﬁjaﬁﬂ@&glmgea

pi ctures and color continually-changing t ,ghg&ure """" _&g =TT
g

-------

continual l y-changing tone picture is defined as ct a |n a

----------

vari ety of ‘nodes of tone inmages continually changing, mhiCh differs from
nmonochromat i ¢ LCOMMYNICATIQN APRARATUSNANR METHAD QRICOLOMEBIGTURES &NDt hat
consi st of white regions and bl'ack regions (or color regions). This

i nvention proposes not anCONZINUALDYeCHANGINGPONRIRICTURESe| f but a

comuni cati on apparatus excellent in high quality and high speed. Since a
color picture can be resolved to three or four primary col or pictures
havi ng conti nual | y-changi ng tones, each of the resolved primary col or
pictures can be treated by the sane nethod as the nonochromatic

continual ly-changing tone pictures. Therefore, it is feasible to reproduce
a color picture by the steps of respESCRIPRIONIIi ginal color picture into
primary col or inmages, processing the prinmary color pictures separately,
sending the data of the pictures froma sending port, receiving the data
of the pictures at a receiving port and synthesizing the primry col or

i mages into a unifi ethiinfenbiost télttes to a communicdtido appesdtiust drah matidod of or
synthesis are prior technics frequently wused far the treatnent of col or

pi ct yres. hbacghsdmadic thi SontinGally-WhagisgsS | Rohée @acourescat iamd color
processing of monochronatic continually-changing tone pictures.
continually-changing tone pictures. Here, the cpntinually-cha.nging tone
picture is defined as & picture having a great variety of modes of tone images
continually c_ha.nging, ‘which differs from monochromatic binary tone pictures
and color binary tone pictures that consist qf white regions and black regions
10 (or color regions). This invention proposes not an image processing apparatus
itself but a communication apparatus excellent in high quality and high speed.
Since a color picture can be resolved to three or four primary color pictures
having continually-changing tones, each of the resolved primary color pictures
lca.n be treated by the same method as the monochromatic continually-changing
15 tone pictures. Therefore, it is feasible to reproduce a color picture by the
steps of resolving an original color picture into primary color images,
processing the primary color pictures separately, sending the data of the
pictures from a sending port, receiving the data of the pictures at a receiving
port and synthesizing the primary color images into a unified color picture.
20 Color resolution and color synthesis are prior technics frequently

used for the treatment of color pictures. The gist of this invention exists in the

communication processing of monochromatic continually—changing tone pictures.
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Thus, color pictures are able to be communi cated by the same technol ogy as
nmonochromati ¢ conti nual |l y-changi ng tone pictures, because the color picture
processing is practiced by dealing with individual nonochromatic
continual | y-changing tone pictures of primary colors independently. The
fol | owi ng expl anation mainly gives the processing of nonochromatic
continual | y-changi ng tone pictures. Recent techni cal

br eakt hr oughs of networks, as the Internet typically represents, are

bur geoni nghugjateéloar picC@resl ar€ albesl tbybémdmimircaRandy tHe Bahe ARklinology as
conventional tel ephone Iines but various exclusive lines. Further, the

W rel ess mefvdHrouRlicoBEntihQANPXEHEN gin g PRNEE bidtared DB usePtis calvd prRtefe
are general ly expandi ng day by day. A great anount of data can be easily

transm tt geodReUREN iseMprAciiteeesby Thaedlingd | MPAha ¥ &IVILAY hdrRshAdhitih a
valid position as a main flow of the information technology. The

comuni cakbtiinudiy-Rinehghes tohd f‘;ﬁcmg o PRkinfYy CédRCHnQEpékertU.M €The
i nformati on technol ogy. In general, the condltlons required

for ¢ he cesBwihgat bRflafbtioRi Chbily "BERS atie aSp:fo@ééél ofl. m3RRdhirdddtiand
clear picture 2. A small anount of data, that is, a s ort communi cation -

time contmuanyi—(_hmgmggw@pmg}ég y is an indi spensabl e requirement.
This request- is getting rigorous due to nultiple purposes. It is not

practical to take tREcdRtCMechhi¥al fBFcakBhAbiENY &F Hethosks) @sqUAbi tntdref ear
of the degradation of the quality of picture. A small amount of data, in

ot her wor ggpicang! ?JEe@&ﬁEUHf&ﬁthébﬁlhEE Deta a8 BaafiHitdted 18 Hah ¥R heans
Recently, transmtted i mages are not only used as they are but also are

glsgldt ; or of iRk cHIp! dondlehtidhal BeBpHbRENINER b WallousCirtiGaive 0hdE:, F@:«@her,
10 the wireless communications, for example, pocket telephones, PHSs and so on,
are generally expanding day by day. A great amount of data can be easily
transmitted between remote places. The Multimedia are going to establish a
valid position as a main flow of the information technology. The communicé.tion
of pictures is the most important subject of the current inforniation technology.
15 | In general, the conditions required for the communication of
picture images are as follows:
1. Beautiful and clear picture
2.A s_mall amount of data, that is, a short communication time
High picture quality is an indispensable requirement. This request
20 is getting rigorous dﬁe to multiple purposes. It is not practical to take too much
time for obtaining high picture quality in fear of the degradation of the quality
of picture. A small amount of data, in other words, a short communication time is
an essential requirement.
Recently, transmitted images are notonly used as they are but also

25 are used for other applications in a great variet,ﬂ_r of service fields, e.g. digital
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publications and so on. Hence, the services of picture processing are not
restricted wthin the regeneration of pictures but are expanding to various
treatments, for exanple, the enlargenment or the reduction of an object
picture in an arbitrary scale, free laying out at an arbitrary position,
the printing of the processed pictures and so on w thout |osing the
quality of picture. Thus it is ardently desired that transmtted pictures
are easy to be processed to various sizes of pictures and so on, and

vari ous kiputhticatiops CAntl escC @APOHeNts, dhe sdrvicd ofbpictiane tpntickdsing are not

To satisfy these requirenents, it is necessary to provide a new

comuni catregirictRaawithis thel Pegdhdrlation bPriTBtEresapabl fre0bxmMiing Siongavidusous
kinds of picture types and of giving high quality regeneration of pictures,

even wherrddiments,ifor @%af PRy tHe RAldrRREHEOFRN el FRdREICAWT dii S8 fectpidtlire in
various orientations. In addition, it is essential that the data of

pi ctures ahCafsitireSsle, HRedfyiny 6Uf hlan AMRtAFYURsifibndeha priftinHOF rii:he

processmgtme(|nclud|ngthet|neo transmtting).
pi CUSIre t yneseddalepRosrdy/ahdich bRVABRGAIJSHCE HHiE. g daltyesABRtAre. Thus it is

phot ographs, calligraphic characters, printed characters, illustrations, :
| ogomar ks ai*agnﬁf’ d¥bired RSt &fanlgkn@étuaeﬁcax&s%@ ¥ %o be%o@eys&pw kraPioGiUr €
with continually-changing tones i1s available Here, the

conti nual lgyzeah@NBicB@rdOREd Rb Pl IHaRSu A k@x‘s&é Bf Bidtlire ‘A’Bhﬁﬁnéﬂﬁé 4 éble to
(intensity) of a certain prlnary color is continually changing spatially.

Thi s i nverld @drit fgpudes col or pictures besides nonochromatic
continual I'y-changing tone pictures. A color picture is able to be resol ved

into several prinamy spliofy I@hééé"z%auﬂ%\ﬁie'?ﬁls L HRbb¥agh 80 GirgidOReaewand
be reduced to a nonochromatic continually-changing tone picture of every
col oj¢ communication apparatus using picture formats capable of processing various
kinds of picture types and of giving high quality regeneration of pictures, even
when the pictures should be transformed in various sizes or into various
orientations. In addition, it is essential that the data. of pictures are compressed
so as to curtail the amqunt of data and the processing time (including the time of

15 transmitting).

The picture types intended by this invention include, for example,
photographs, calligraphic characters, printed characters, illustrations,
logomarks and so on. Sizes of pictures are arbitrary, and any color picture with
continually—-changing tones is available.

20 Here, the continually-changing tone picture means a picture in
which the tone (intensity) of a certain primary color.is continually changing
spatially. This invention includes color pictures besides monochromatic
continually-changing tone pictures. A color picture is able to be resolved into
severél primary color pictures having continually-changing tones, and be

25 reduced to a monochromatic continually—~changing tone picture of every color.
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4- For exanple, when a color picture is resolved into four primary
colors, it has four nonochromatic continually-changing tone pictures with
respect to each primary color, so that individual treatnents are practiced

on every primary color. This.invention ains at processing the
pi ctures as an aggregation of a plurality of primary color pictures in
whi ch tones (intensities) widely vary in succession. Here, a

continual |l y-changing tone picture is used as an antonymof a sinple
t wo- val ue Prrtexempldi when & colrppicture)s readlvied into €bliy prdmaty wolard, @ has
the regions of black and the -extra regions of white. Thus, the objects of

the presefidur momochoomatic | cotheimalllyoshyn giize t6M@ NHcHOra30 W 1@EP&dtCto each.
pi ctures but al so tone-changing color pictures. According to the

defi ni ti onpoimériye colord sof thatc idividiadll yreabRegisgré Practicéd Wi evakPNSrimbty
seens to exclude binary tone pictures. This invention is, however, also
capabl e of cplodcessi ng both binary tone pictures and continually- changl ng
tone pictures due to its affluent - generality. Thus, this invention is

excel ent in versatiThisg/invention aims at prédehsinp/eid pRRAubss hé kilaggdregs@¥n of
"Conmuni cati on apparatus and nethod of pictures”, but is titled as

" Conmuni Cahlplﬁrﬂmaéﬁbﬂﬁna&ﬁdcdmi' Iiﬁ’é{'.tﬁfes ﬁ%lﬁbhﬂ:‘oﬁ%b‘ r(ﬁ&eﬁ@ihes) widely vary in
continual | y-changing tone pictures”, because this invention 'is capable of

pr ocessi ngsaeddssivml | y- changi ng t one pictures that are extrenely difficult
in processing in conparison with binary pictures. And further, the word of

“color” is inserted Herd,hecbhtih@allPtihg®n & Rbfe IR i8MudeH Q.@Eh RBEoAPm be

technol ogy for not only nonochromatic two- vaI ue pictures but also color
conti nual | ¥-sifpROtWH-Via@i\e pRitG e (BfarfaRae pithire) thid & SReNy ddmtridted with

I nvention enables to process multiformpictures.

10 the regions of black and the extra_reglons of white. Thus, the objects of the
present invention include not only tone-changing monochromatic pictures but
also tone—changing color pictures. According to the definition of the word of
"continually-changing tone picture" alone, it seems to exclude binary tone
pictures. This invention is, however, also capable of processing both binary

15 tone pictures and continually—changing tone pictures due to its affluent
generality. Thus, this invention is excellent in versatility. .

This invention is likely to say "Communication apparatus and
method of pictures", but is titled as "Communication apparatus and method of
color pictures and continually-changing tone pictures", because this invention

20 is capabie of processing continually-changing tone pictures that are extremely
difficult in processing in comparison with binary pictures. And further, the
word of "color" is inserted to the title, because this invention is defined as the
technology for not only monochromatic two-value pictures but also color
continually—changing tone pictures. Hence, this title shows that this invention

25 enables to process multiform pictures.
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This invention enables to input an original continually-changing tone
picture by a picture reading apparatus or a picture inputting apparatus,
obtain multival ued data fromthe inputted picture, elimnate noi ses, reduce
the anount of data w thout |osing inherent features of the
continual |l y-changing tone picture, conpress the data, transmt the
conpressed data via tel ephone |Ilines, exclusive lines, or electric waves,
and retrieve the original continually-changing tone picture fromthe
transmitted data. This invention! énglfles itoUimiut &1idTigiue Roheinuallp-en@idingt he
steps of automatically transformng an original picture with

conti nual ltyne Aegiredby A gsctiife Helltiirid afdhatust SRR i PfutERE LhiSHrkls,
data to renote places via various nedia, retrieving the original picture

fromthe dbghinahutiavdued ddtadfrlint {108 ¥nSORLE pidtithellbliifdtathdiBss, fediucb aned
picture via a printing apparatus or a conputer. In the case of

a col or pisaidiing, off kiaba i WiYB&UH kil ESHHereAL FBARAREAS ViRd koRtindalylondidifgnal
color picture into four or three primary color nonochromatic pictures,

-proc8sses tbhe pictuiy, Yeduireks EHOGREQ BahSmB! £hd! B8R preflRP ARAS LA kelddhone
digital data, elimnates noises fromthe digital data, reduces the anount

of data, qineelesxRiudive dited, tdrneldksict NGafedli 0hi@! ARERvEC {HbAiginal
pl aces via various nedia, regenerates each primary color picture fromthe

conpr esseoditindaliy o1t gih 8%oRE dittieddbm t@RItLEASmitBd qatd)t hesi zes the
primary color pictures into . a single continually-changing tone col or

pi cture. In SEXURNLH ONAL 16QBHLUBA 'ﬂatphé}ﬁ'er?ogpﬂ'LéaEﬁé%%Sofa%&oﬂﬁ afl9
an T

transmt coded-data such as characters So on wi thout "t he degradati on

of pi Ct U @rafiiBkhlig a8 o@i@hslahc@e;@w_@&p@#ﬁ%l&ﬂlﬁcﬁﬁﬁlﬁn?@@w"&g ﬁmﬁ o

are fully unable to transmt a continually-changing tone picture that has

neverobeerransdeietingthesé digiedlgdtadol i ots'plddek Ah RIrdUY Redid, RetiiVihglthd®
because of a great anpount of -
original picture from the digital data in an arbitrary scale, and utilizing the
retrieved pié:ture via a printing apparatus or a computer.
In the case of a colof picture, this invention dissolves
preparatively a read—in original color picture into four or three primé.ry color
15 monochromatic pictures, processes the primary color monochromatic pictures
independently to digital data, eliminates noises from the digital data, reduces
the amount of data, compresses the data, transmits these digital data to remote
places via various media, regenerates each primary color. picture from the
compressed data without losing inherent features, and synthesizes the primary
20 color pictures into a single continually-changing tone color picture.
Conventional communication apparatuses are able to transmit
coded-data such as characters and so on without the degradation of picture
qua.lity as digital data because of a small amount of data, but are fully unable to

transmit a continually-changing tone picture that has never been coded without

25 reducing the quality of picture in a short time because of a great amount of
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-6 - informati on. Any practical technology, which is able to transmt
pictures with an extrenely |arge anmount of information in a short tine
‘Wi t hout degrading the quality of the pictures, has never been contrived
yet. Three types of current data conpressing nethods will be
di scl osed instead of communication technique. Here, we enphasize the fact
that there yet exists no practical conmunication technol ogy for
transmtting the conpressed data of a continually-changing tone picture

vi a tel ephinfiernatims dnyemcdaiiial ¢éechnslegy, which is able to hrafsmitupiceaies ithods
of conpressing data are (A) BIT MAP DATA METHOD, (B) DI SCRETE COSI NE

TRANSFORMA @kt riedim BHOD: f g@Cdm dndtHeDin fapfl atich in RN HONmARPIBEXLMAE L ek e THKD.

(A) is a nethod of transmtting data w thout conpressing the data. (B) and

(O are neddlity sfftheofiptrs| Rgs Galar Bebn caheribel pe&f put into practical use
for conmuni cati on. These three nethods will be explained in

detail as follows: TYiyeeRlybeld? drbendEBtkPompressing metholBi will be AidB2ésuad

of transmtting bare continually-changing tone values of all pixels of a

pi cty e i nipgtedd oNcemmuARGEioheREhAty BNPRERS, Use ehiPhasfeaiiY fact haf RO yet
wi t hout data processing. ‘This nmethod seens to be a sole nethod reali zing

the transnd:8sis0fo OprachREE ToRMuRPLERRH tediiog) MOrRirhn SRR LIIRAERe c%m%@&sé%fd
pi xel s havi ng continual | y-changi ng tone val ues of a picture. This nethod

transmts 4dta &pRe cMﬂﬂlﬂﬁﬁllﬁicrﬁdglﬂQQ:oBbXBic‘iu% A8 Ulel SORBH L $iSi8 b2 BYclusive
processing them For exanple, facsimles (both binary and

mul ti-val ugged. acsimles) wdely prevailing novadays adopt this bit map
data nethod. Here, data are changed from anal og signals to digital

signals, and-the di grirle Sl3At KAhBd2 & compressing data are (A) BIT MAP DATA -
10 METHOD, (B) DISCRETE COSINE TRANSFORMATION METHOD (DCT METHOD) and (C)
FUNCTION-APPROXIMATION METHOD. (A) is a method of transmitting data
without compressing the data. (B) and (C) are methods of compressing data but
are not yet put into practical use for communication.
These three methods will be explained in detail as follows:
15 (A) BIT MAP DATA METHOD
This is a method of transmitting bare continually-changing tone
values of all pixels of a picture input from an image reading apparatus, for
example, a scanner without data processing. This method seems to be a sole
method realizing the transmissiqn of images at present. Here, the bit map means
20 a set of pixels having continually-changing tone values of a picture. This
method transmits the tone values of all the pixels without compressing and
processing therﬁ.
For example, facsimiles (both binary and multi-valued facsimiles)
widely prevailing nowadays adopt this bit map data method. Here, data are

25 changed from analog signals to digital signals, and the digital signal data are
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-7 - encoded, for exanple, by the Huffman encodi ng. Encodi ng process is
directed to protect the secret of the data, being acconpanied by sone
decrease of data. Data of pictures thenselves are not conpressed.
Therefore, it is safely said that the bit nmap nmethod directly transmts
nunerous data of a picture as they are. Any sort of picture types is
possible to be sent because of the direct transm ssion of data. This
met hod is an extrenely sinple one, but has serious drawbacks, which wll

b . . ; i . N |
e pol nt efénQHaed,antl@m'ﬂEﬁ&,l 55 2HE II-llélrfién,‘aljtl: hééédlqrgg%lﬁg é)trjagéssr ﬁaccgl:ré(?%& e

pi ctures are vague and uncl ear. tween 1n

pixels 1s kel sSEIY b Ynb UahY Being |dccbllBanieaS BYPLIAY Ll AL, RREA™

smal ler, i't woul nger tine to ansm erefore,

pi ct ure i Daa %@lﬂi& gﬂh@ﬂsﬂv}e? ag‘erng)lrﬂgzglxni?%%géé/@l Thg@é pe ri%sl%J lsé.f\e&y sa.;lxc{'l tt?ar]:

uncl ear transmtted picture. n picture 17s Snal

Foarur oo o Ui shid WERRSS itk shEREHER o BordlyH ot o Hgul et e aoe.
opt 1 2l |y o D55 ftBAER B’ SE. poEhI o, BelERt oPrpRA) OF, HitnBeoct o
o the prorelumiebion’ot BEESTAS pethh? 18 4L BEmalY AU DIMERE a0 bogrieTiys

SO0 o AL ISR AR o bl kg0 D1t e Decores
2 Socond araBadrer iR aF Bop LR BTRLPRRUTGH evr FaskR.td omsieas: | Hrrmalihe
SRTEERRRE VN, e SN Sl A R
g|r ggf%;i 296 O§§§[/|p]intgr ﬂﬁéme}lt ggca?ﬂecgtlﬂr eri~,sitavpclnueldt1'.%.kgplor(?2!aranl %edtg q:ratn%?nlit(.: %gtai..n
Therefore, a picture is usually sampled with a rough interval, which results

in an unclear transmitted picture. If an original picture is small and

complicated, it is impossible to receive a picture keeping inherent features of

an original picture. Transmitted picture loses features inherent in the

15 original picture. Further, since image data are read optically, noises often
occur. Particularly, when original pictures are small in size,.it is impossible

to obtain clear reproduced pictures due to the processes of transmitting and
regenerating.” When a picture is sent via facsimiles more than twice, a

transmitted picture becomes extremely vague due to an increment of noise.

20 Poor and unclear regenerated picture is one of the most serious faults in this

method.
2. Second drawback is that a retrieved picture is equal to an original picture in
size. Hence, the reduction and enlargement of a retrieved picture are

impossible for this method. There exists no freedom of processing. A

25 transmitted picture is able to be enlarged or reduced in size by a copy
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machi ne, which brings about a much poorer and unclearer picture that is
nostly usel ess. The degree of freedom of data processing is zero as |long as
bit map data are processed. 3. Third drawback is that the anount of data

Is so vast, which is a fatal fault. A | arge anobunt of data expenses much
time and noney in transmtting the data. Therefore, a means of reducing
such a large anount of data is desired. Fault 1 m ght be

conquered to sone degree by shortening sanpling intervals, and whereby a

transmitted mecting, ewhiiH briveed dPoLe 4 QRIdN §dordi8hANMincleBret) pRitudt Mt is
picture. If so, the anmobunt of data would be increased, which results in

expendi ng f alost GséleSE. aMé HBRRE bPFrddddnsst UhidGrobisiitd & zero as lon%as
y

Technol ogi es of conpressing data for transm ssion have been devised

maki ng use ofit RAPQIHtAGrs Yrbeedsede. 9. Run | ength coding Method, Mdified
Huf f man Codi ng Met hod, and so on in order to shorten the tinme of

transni ttisngrhlidtodrawiiet s tHBlARRStIRRAE idsgiviaal, WRich did Rkl dault. N
conpression of data is |limted to a small extent. Such nmethods directly

encoge di gildfde gnbant 8f AabPBkFedesBhlich SAIdLRS AU B rdn2nititd BRe data.

pi ctures. To shorten the time of transmtting data, the sanpling Intervals

of facsi m | emréfork] &lmdaf of"ﬂqulcié?é‘gumg.rlgpé'e %llﬂgux%]@f H%‘éﬁ 2f adird. ved

pictures is still bad. Aretrieve picture ends up wt osing delicate

and cl ose features frjithi Hﬂiﬁ Q%et&ﬁlcf?feirgiig:alson@ &%éo’xff%'by shprtening saﬂ%"%hat

expl ai ned hitherto, although the bit map data net Is only a Tnet

Qual 1y o T e e e LR R BL Refh orP LR Bneil
retrieve phCin/icitgindl Hisiires’ B8] XnkUfbul of REtdUAbIILY b8 inBF&ISdHE which
. 10 results in expending far more time and money fo.r transmitting the data.

Technologies of compressing data for transmission have been
devised by making use of encoding systems, e.g. Run length coding Method,
Modified Huffman Coding Method, and so on in order to shorten the time of
transmitting data. Since these methods encode digital data directly, the

15 compression of data is limited to a small extent. Such methods directly encode
digital data, disregarding all features inherent in original pictures. To shorten
the time of transmitting data, the sampling intervals of facsimile are still too
wide, and whereby the quality of received pictures is still bad. A retrieved
picture ends up with losing deli_cate and close features faithful for the original

20 picture.

As explained hitherto, although the bit map data method is only a
method that has already been realized in the transmission of data of a picture,
the quality of transmitted pictures is bad. It is infeasible for this method to
retrieve pictures to a satisfactory level of the quality of picture.

25 (B) DISCRETE COSINE TRANSFORMATION METHOD (DCT METHOD)

R
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(B) DI SCRETE COSI NE TRANSFORMATI ON METHOD ( DCT METHOD)

-9- This is a nmethod of conpressing the data of pictures and
obtaining coefficients of the conpressed data by using discrete cosine
functions. The data conpression by the discrete cosine transformation

met hod is made use of by the standard conpressing neans of stationary
pictures, e.g. JPEG and so on. This nethod is utilized only for the data
conpressi on but has never been put into practice for the comuni cation of

i mages. Since data &@rdsigdumethddyot bbhprésdims €A idata B igiechrekha dabraingyl d
easily be transmtted. Further, this nmethod nmay be effective in a picture

having snomebficients fatie c6hareisa HRALDyPUkINS disdICREMRERNY rhRtiGn NI Ay ©
in which the tones change drastically. In the concrete, a picture

i ncl udi ng diitacwnigrensiog bPras dischath! @sing thdnobPhatbn mithbarisi ARdaRdeestge
degeneration. The inconpetence for quick-changing tones induces a fatal

drawback My dr¢istdhdgdt bemprezkidg/ mebnd ofithiibRa GO PRASEE, A .g. YBEL QWY dI/BES
of images, for exanple, photographs, calligraphic characters, printed

char gct er SThis| hetHodals Qtificed QHPFHHK L haNdataOc Hprdsdidn 8LEHE ndWér Pedn put
met hod still lowers the quality of a picture acconpanyi ng enl argenent “or

reduct i on.inTh PreéQEE fob Rhe domhUBERAh ioF iagHE! althee fRka S Ted8d by this

treatments as enlar genent, reduction, t rans%or mat | on an? SO oOn. (

FUNCTI ON- ARSI E! bt rMa] el data would easily BBitSahsmAtdE! PRBHYr, this method

approximating a picture by expressing picture inmage conponents as
conbi nat i aigy @k &@8itevd WG baRS réHhviss Weldden 'u%hyl’-éharl%lnkhn%ges ut is
e

A
coefficients of functions. proxi mation met htocgs ased on thi s 1dea have

been di scliagefipétenBl f6 LAGALRA! $n WRAL Ithe {9PAESRNER! Ghstifhity OPRD the
No. 6- 83952, Japanese Patent Laid Open No. 6-96199, Japanese Patent Lai

Open 10No. Gopd8éie! & nﬁicé@f@ NRefidinke BischAtuiRe "tdiRs’ 18546 %erihBe $hofEbINRES

are fully
distortion and edge degeneration. The incompetence for quick-changing tones

induces a fatal drawback. of degrading the quality of a picture composed of
various types of imageé, for example, photographs, calligraphic characters,
printed characters, illustrations, logomarks and so on. Furthermore, the DCT
15 method still lowers the quality of a picture accompanying enlargement or
reduction. Therefore, this DCT method is ﬁnsuitable for such data treatments as
enlargement, reduction, transforma.tion and so on.
(C) FUNCTION-APPROXIMATION METHOD
This is a method of approximating a picture by expressing picture
20 image components as combinations of basic functions and reducing the picture
to the coefficients of functions. Approximation methods based on this idea have
been disclosed in prior documents, that is, Japanese Patent Laid Open
No.6-83952, Japanese Patent Laid Open No. 6-96199, Japanese Patent Laid Open
No.6-348837 and Japanese Patent Laid Open No.7-85288. These methods are fully

25 incompetent to continually-changing tone pictures but are effective to binary
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I nconpetent to continually-changing tone pictures but are effective to

bi nary -10 - tone pictures of
characters, illustrations and so on that have only white pixels and black
pi xels. Qutlines of a binary tone picture are approxi mated by strai ght
lines, circles, arcs and free curves in the order, and the outline
paraneters are stored in a nenory. Hence, the outlines are expressed by
straight lines, arcs, circles and free curves. This nmethod is capabl e of

conpressing data b XRressin binary ton ictyre with sinple. fiqure
ol ehent s, tone picturés of dhracters, Mivarietibng gad &0 ARG Nass U HabIR SIS
outlines of a bi nr%é%/ t gne ,‘Qi cture consisti ng%of only white Qi&(gl s .and

bl ack pi x8Pg Plapk pixelse Outlines ohahipary tons pirtlre pEe pgproximated by straight
continual | y-changi ng tone pictures that have no outlines, This nethod is
absol ut el {ing8efisles; gFreg BAL T IGUFYER AR FRRPIISReanPithe Guitng papansters are
phot ographs in which peripheral |ines cannot be clearl defi neijﬁ&Furt her,

these pri &Foufsk HoasmemRRY -nFenpeethd publineeaT¢ SXRERSSEdhY sEFaisht Jinef; 8E%%n
of binary tone pictures. ' . Any t echnol ogy capabl e of

trandmi t t CHRFIH AN JEPE yoetiasyi Tdis omethasl dsuraRalIe phecqmprasshie data by
approxi mati on nethod has never been realized yet. It is no
exagger at eSRTIFIRE ¢ RIRGTY SPRP PickHERAMItH ﬁgnnlec,fymeoﬂ?mﬁa%s- never succeeded
in reducing the data _ampunt of a continually-changing tone _picture,,
transmitting the pi COF &SwRPHRNAL: (18 PRthod4f fRRIHRARA OYLHNES °g|ai BinsLy
picture, retrieving a transmtted picture with maintainjng inherent |
features APRe RiPEEsOnRIsHng of aRbhinthity) pirels @nd Phck 9&@3%@1?5?#%?- Ehig,
enl argenment, reduction, deformation and so on. In the conventjonal bit
dat a net haethedels jinpdeqinter for (Roastinyrlymchen gingatope cRigkeres thal aved Pend
the quality of picture is degraded. A shorter sanpling interval between

pi xelQ woolglings. ofFhigt meEhed ist phaclwtelvd Mselensr £oF afreniiniallschRBERE ioRs|

picture, which would incur in a great )
: pictures such as. photographs in which peripheral lines cannot be clearly

defined. Further, these prior methods have not been practiced in use even for
transmission of binary tone pictures.

Any technology capable of transmitting continually—-changing tone

15 pictures by the function approximation method has never been realized yet.

It is no exaggeration to say that any transmitting technology has
never succeeded in reducing the data amount of a continually-changing tone
picture, transmitting the picture without loéing features inherent in an original
picture, retrieving a transmitted picture with maintaining inherent features and

20 processing the transmitted picture into various forms, e.g. enlargement,
reduction, deformation and so on. In the conventional bit map data method, the
inherent features of an original picture are blurred and the quality of picture is
degraded. A shorter sampling interval between pixels would be effective to
transmit data more faithful to the original picture, which would incur in a great

25 amount of data and a lot of processing time. Therefore, it is impossible to
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anount of data and a |ot of processing tine. Therefore, it is inpossible to

- 11 - shorten the sanpling interval so nuch. As a result, this bit map
data nethod cannot avoid the degradation of quality of picture caused by
transmtting. DCT nethod is capabl e of conpressing data, but

the quality of picture is very bad when various inage types are
intermngled in a picture. It is infeasible to enlarge or reduce an object
picture in size without degrading the quality of the picture. DCT nethod
has not yet, attaiped the.,use.in practice. a ' I S iSORHURAS Mak® Iethod
t echnol ogy Shorten e sampliRE” tﬁf?%ln%%l i cct)IVe,i‘staahglF%&lgk?}élt s no e’Tgf ective

nmet hod for rocessi cont.i nual 1.y- changi.n 10 ' ity

usi ng thé’agf’ﬂ%?:’(‘?lg:ﬁipﬁ%?ﬁﬁﬁ??(% Mﬁg&f Iggtusraet‘%’%fsﬁiw % & g%ovﬁe)é/

descri bed requirenen

technol ogy for t ransﬁﬁsqrt meghed nis CEBﬁHeniﬁgl‘Foﬁ{]p\é!ﬁg%lg‘%nég?%n{éng{%eﬁ?ggﬁ% trbg
ot “exanp! Sicuieaegirnbed s eUR A daee8 SvaRe arharidRtheii BRGSO g
of CoBt | nudf | GERING, 1, ST BRES AT A ighl PR B b vibfold BURRAAREO

Chat requ s SRS PenpletuEe. BETCPHIRLhas HohReesHeE The; bl B p e

is no means for, sending such a picture requiring extremely high accuracy
to other plaéc%glé?ﬁ%ﬁ?'g@ﬁﬂ%%tﬁc&m f?gé'n envel ope and sending the envel ope

by mail. It takes a few days tQ send a picture., It woul d be. ext I

convenient, if a nedd e@ﬁﬂéPB@‘g @g’ﬁvgen ereni e BRd e(f%wet h&ﬁ%dy for
accuracy in an instant, maingaining.nherent features fai tbhful uis?!h%m he
original piRROGPESIng; gsEontipugllg-changinged R t REHIRESet y "dbout def'ay

of transport. 8 To achieve th regoi ng objects.and in,
accor d.&)nge b4 F,iopﬁ%pproximation method, as sa.t?sffy?ng %ge a oveJdescrlbeg requirements.

It is convinced that there exists no technology for transmitting fine

continually-changing tone pictur'es with enjoying high quality in a short time
together with another processing, for example, enlargement, reduction and so
on. The recent". development of communication systems ardently desires the
15 realization of the transmission of continually-changing tone pictures more and
more. |
Conventional image transmitting technologies can not transmit
pictures that requires extremely high accuracy like a block copy of printing.
There is no means for seﬁding such a picture requiring extremely high accuracy
20 to other places except enclosing it in an envelope and sending the envelope by
mail. It takes a few days to send a picture. It would be extremely convenient, if
a new technology can send a picture endowed with high accuracy in an instant,
maintaining inherent features faithful in an original picture. If so, we are
released from the anxiety about the delay of transport.

25 To achieve the foregoing objects and in accordance with the
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-12 - pur pose of the invention, enbodinents will be broadly described

her ei n. One of the nost inportant objects of this invention is
to propose a communication apparatus and nethod of transmtting col or

pi ctures and nonochromatic continually-changing tone pictures which is
excellent in transmitting tinme, capability of transformation and quality.
This invention provides an apparatus and nethod for transmtting pictures
conposed of continually-changing tone i mages via tel ephone lines and so on

wi t hout | ogj ' | iohe i [ b g t he

T oon 1 BuPfodd ot tRNERRHoh: gﬁgl{’&%’eﬁ"}%@ﬁ%@éﬁ d%%hr?g%iﬁ‘g et hod
and Functi on-appr ox; ' 0. HaYE: DE d s

Subj ects of this i nvgﬁf@%?ﬁgp@&}oﬁv‘p escril g@‘](f%l sn%ﬁtl}{gsf %nvef.tmﬂel(fu%ot PSP % he

| abor of t{;@xﬂ.ﬁaﬂfamaq (é.?:ﬂ:tg&%n: aﬁ@ﬁgaio'ag S %%aﬁéﬁ&% tc%o?or picPufed t&id{]

data formfor transmtti easi bl'e enlarge feductron an

transfor mhbﬁﬁTﬂom%%t i %\%’%&}%ﬂg{img%}% mt?rie? Réic%iéﬁ%surv%ﬁ'cl\ﬁ tpsh heibg:gllgrlféi ! H Y

and 3. A snmm anount o C I nualT'y-Changing tonhe

P EES seanamiting SRk VAP KR AR R gy 2 B o0k coby o

printing easily via pnone . mai ntai ning the
o ocesting Tor  roduct B ENSTHER.Phv s S PERT b RE Al en o K BAPAmFAe
UL, kBT 38y ol R SUREY b g A el Vi BYSRR DB
Givi i ng-t BS S ARl SBafhe 1ealuBHeTRRE a1 FPisgRontriute: WAL 2V ERAY the

ding 1 e e g TEgPBRETHIADI G 8"
i or mat i oo RSP R G ralN AL Ao hO T S R PP Ao B, RC, Agphehand

10 Function-approximation method, have never solved.

Subjects of this invention are now described in brief;
1. Reduction of the labor of transforming continually-changing tone pictures to
a certain data form for transmitting them,
2. Feasible enlargement, reduction and transformation of continually—-changing
15 tone pictures with high quality, and
3. A small amount of data for transmitting continually—-changing tone pictures
This invention aims to send, e.g. a block copy of printing easily via
telephone lines or exclusive lines, maintaining the quality of picture. To achieve
it, this inventioﬁ must have a simple processing for reducing the data on an
20 object picture to a certain form suitable fof transmitting in a short time.
Further, this invention should be equally applied to any kind of picture types.
The communication apparatus of the present invention has the
functions of; dividing the whole picture into a plurality of regions having a
similar tone, obtaining boundaries between the regions as .two-dimensiona.l

25 information, compressing the information automatically, extracting the
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- 13 - continual |l y-changi ng tones of every region as three-di nensional

I nformati on, conpressing these data automatically, and transmtting al
the conpressed data froma transmtting port, and receiving and refining
all conpressed data at a receiving port, obtaining all boundaries,
regenerating continually-changing tones of every region, and reproducing a
picture in the whole in an arbitrary size at an arbitrary position. In
addition to the data conpression of the present invention, the data should

be encodeGohyinv@Np-EREhEARE Rtk SNeOEPTFREIAd Sitrecadin cheibiil Ot SERASH,S
whereby the tine for transmtting data is further shortened

I'f the COfHathp%sélﬁg ﬁéufédtﬁ'a‘%ﬁéméﬁbbﬁ yaxﬁ] t%ﬂ&ﬁ%ﬁh%%?&l{x%egmﬁpesééﬁ' @itad!

plcture it would be pOSSIb eto process e entiret e picture at a

tretch. | f
Lk, bl S, ol L gl L TP il o

original picture into a Wse to

deal W t hebbRiflk Vpoiad Jﬂtgﬁ'hﬁ Of11 COMAGAIALL Y 76 a@ﬂleg[ %ﬁ%mlﬁlaﬂg’Kcltlé}l&ghe'

The processing of the entirefy of a picture 13 Just equa sum o

Processi NGgnedhr avidiryi Agdop! %&%pt@@&&gﬁ%& ?tﬁﬁ% dﬁls kR wqro%% in an arbitrary

continual | y-changing tone inages ~nmeans ta of

cont | nual |tz bl AR5 doBBESD. 1R ARl 05 4o et SRERLATSRU: BRC 50GAHC

aut omat i cal comuni cati on apparatu

cont i nual lys ﬁé&g' {He &leesh&h&tﬁ‘é Eﬁcf-&:{eé Qﬁ dsBFn%Sc%%tehgl‘égQi LR&&ng!xﬁ&ﬁﬁdts‘éo

mechani sns, s, two systens a recei

The sending pgr pateft “Sest] %}%E&Sf \?‘Ie t‘erQtfé}”%L%(s&Rﬁﬂ ’&%t& Oﬁei‘up%etrhe

-steps of optica y readi ng-I'n ures or ele ronlc reading-1n
the picturgsmalg racting regions in which the tone dlfferences betmeen
t he plxels are small on the inside of the region and the tone differences

beF wggn the outside IP't?h%' §01’ﬁ189te:[rh%adn§| g?ffpmé(neé %b%.ﬂ%r o?rxgredcessmg all of an

original picture, it would be possible to process the entirety of the picture at a

stretch. If the computer is insufficient, it would be possible to divide an

original picture into a plurality of blocks lengthwise and breadthwise to deal

with the divided blocks of continually-changing tones block to block. The

15 processing of the entirety of a picture is just eéual to a sum of the processings

of a divided blocks. Hence, the processing of continually-changing tone images

means that the data of the continually-changing tone images in the blocks are
compressed and encoded automatically.

The communication apparatus of continually-changing tone

20 pictures of the present invention includes two mechanisms, that is, two systems

of a sending port and a receiving port. The sending port processes a picture of

.continua.ny—cha.nging tones by the steps of optically reading—in the pictures or

electronically reading-in the pictures, abstracting regions in which the tone

differences between the pixels are small on the inside of the region and the tone

25 differences between the outside pixels and the inside pixels are large,
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-14- cal cul ati ng average tones for the regions, expressing the abstracted
regions wth the average tones, naking an average picture consisting of
average tones, extracting boundaries between the regions, extracting
branch points dividing nore than three regions on the boundaries and
abstracting turning points at which the boundaries change the direction

di sconti nuously on the boundaries. These branch points and turning points
are called characteristic points. A boundary is divided into boundary

interval s fiy. 1Qﬁng AN BAUNS £ a@ W&Q@g{/&éry'e&%g%%/& g ch %5. f %‘%gﬁﬂhby

the turning pornts into partial |nes_ I ne
havi ng borHibshE Lipkate ér?%‘séf‘meﬂua S poeFol e BlitAEs FonaRube, Pt Mdreee tines,
Subboundar TR & e%?&%l“lﬁ%[‘%% BRctin e iaBre oFtaeRRe brat Bl Jifaine
point. oV “aémwﬁﬁ%g‘%'ﬁ%{oé%"%% tg'sb%‘%eﬁ iRy Terars °rts‘5?w£5%%ﬂ1 g
Coingie) VIR Bidnosiadf BRB KBS aitboaRE araras STy viritne PodBirias: o
i vi dual HSST 'r%i%*ﬁ?po%%‘tes §b€°”m”?%é?ﬁ%%r%%a?%@d@u%mﬁﬂeﬁ o HeiiEce
At ??2?2?&9%#%&%?41&@? wﬁﬁﬁi‘ﬁ??wia%valm 49890 BPEiEe Ao *eé%a%?'t he
Wth thei Hn rm YL B By hesEEIads o6 ek e “p“pw&ael ¢ papiloRnhE
e Tong sttt ot meeh oo e ST Shongeof
Dat a 1%f Coa.ng I %tl ]Xné: Rg\rr]g)gn'gotrho s.arl‘ﬁe pargmf ﬂnQX o?%kg %%L%Eiir? r:J.nt:EeQ'vals are
now called "subboundaries" in this specification. The point series on the
subboundaries are approximated by some simple functions. Since every
subboundary has no singular point like the turning point or the branch point,
every subboundary can be approximated by low order polyn_omials. Once the

15 subboundary is approximated by some functions, i.e. primary (single) variable
gp]ine fgnctions, all the data of individual coor;iina.tes of the point series on the
subboundaries are abandoned. The abandonment of individual coordinates of
the point series on the subboundaries reduces the amount of the data of the
boundaries.

20 In the next stage, a differential (subtraction) image is made from
the difference between the original picture and the average-tone picture with
the regions painted with their own average tones. The differential image is
approximated by a curved tone surface capable of mostly approximating the

spatial change of tones. In this approximation, two variable B—spline functions

25 are used. Data of continually-changing tones are denoted by parameters on the
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-15 - spline functions of this curved tone surface. The original tone

val ues of each pixel are abandoned after the approxi mation, and whereby

t he amount of data regarding the information of continually-changing tones
is extremely reduced. Hence, there are two kinds of data approxi mations,
that is, the two-di nensional approximtion of boundaries and the

t hr ee-di nensi onal approxi mation of differential inages. The
conpression can not only reduce the anmount of data but also elimnate

noi se and supply a ¢l ean_pic¢ture. r exanpl e, en there,is a fine. . noise
such as a %é@%%‘én%ﬁl?fbﬁ)é’ﬁ this &“BY‘E‘EEPﬁe L a)ﬁgﬁt%'tlﬁnaf tofe Falldbor B
continual l y-changing tone, this invention soon perceives that thi $ tiaéda
smoot hly  BiXel &ge sahemgoped afier the annreximation, andyhereby, thg ARQHHt ok data
excluding the noise. The nmethod of conpressing:continuall -chaeg i n toge
pi ct ures hBRSaFedne thpspfermation of cortinupllyJehaiiisg Wwaesne %%b‘?‘? gtﬁ’egir‘r‘ce y
No. 8-317017 (317017/1996) invented by the | nventor of the esent .

i nvent i on. Hereey terp edesivrykindseldatg pprixingiiens dwtifs ﬁé{)g‘f'?'ﬁf"?ww&?‘h.
These conpressed data are_encoded by the .prior, general encoding, .

t echfol ogyapPaPRXiBadeRcaf dhpundsriest g the (Haegrdimensipngl n%%’F‘g“’ab"ﬂ%? aflis.
Since these encoded data are parallel digital ones, they are changed to
serial datiffepenéiphdmagesti on data. The conmmunication data are transmitted
by a transmtter. The above is a brief explanation of the processes
carried out on the %hadiompresgien can not only redu??&%ﬁ%%‘%’&ﬂ#rﬂ&?aag’é‘taﬁl@
arbitrary, for exanple, telephone |ines, exclusive lines, electric waves,
optical fibEmingsbsncine anst enpahk asslesn gittaires Feowexamploapihest theresimatfings
i nt erposed between the sending side (port) and the receiving side (porﬁ).

Transmi ssi onis¢i seuske ass al stpepkls t droppredt n5 facapidiset aving a smoot

10 continually-changing tone, this invention soon perceives that this is a smoothly
curved surface, and expresses it as a smooth curved—-surface by excluding the
noise. The method of compressing continuaﬂly—cha.nging tone pictures has been
disclosed in detail in Japanese Patent Application No.8-317017 (317017/1996)
invented by the Inventor of the present invention. This compressing method

15 will be explained in detail afterward.

These compressed data are encoded by the prior, general encoding
technology. The encoded data are stored in the order in a memory é.ppa.ra.tus.
Since these encoded data are pa.ral}el digital ones, they are changed to serial
data as communication data. The communication data are transmitted by a

20 transmitter. The above is a brief explanation of the processes carried out on the
sending side.

Transmission mediums are arbitra_.ry, for example, telephone lines,
exclusive lines, electric waves, optical fiber webs and so on are a_.va.ila.ble. A host
computer is sometimes interposed between the sénding side (port) and the

25 receiving side (port). Transmission distance is also arbitrary. It is feasible to
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- 16- transmt conmmunication data to not only donestic but foreign

recei vi ng

appar at uses. ' The receiving side receives

conmuni cati on data and nenories the data that have been encoded-and
transmtted. Firstly, the encoded data are decoded. Since decoding is the

rever se of
par anet ers
gi ven, the

encodi ng, prior methods are available  for decoding. Since
of a curved surface approximating a differential 1nmage are
differential inage is regenerated based on these paraneters.

Wien the sending side has processed.the entiyety of .a pictwe to a . s
differenti arar}%ﬁﬁbes‘—ownan Pvidrs?gas?‘ﬂenPEgg ra‘%/‘ﬁ%esttﬁepbe‘fgﬁ i%g?’ggnofretc Ryne

pi cture as

it is. If the sending side has divided a differential image

i nt o sever &PPamAYERF-enti al i mage bl ocks and all the divided differenti al
i mge bl ocks have been approximated, the receiving Sidﬁ retrieves the

differential inmage blfhekrecelidng sidegrensivemqopRuaicatan
I mge bl ocks are synthesized as a whol e

eieandi PPRPRAT (AP

As a result, t

S anemitd. OBl I’}f WNoLEad dat
di fferent i alets Fhge hayerbean egceded (fad Eeansmifigds BLrstlo e encoded data are, |,
t he next stage, boundaries are retrieved between on thern%gﬁa%cteris

poi nt 9, i . decoded.pSitpenderading iakhe rABCESFH of PRFOJN & B8

%We aﬁ%ljil%gle |

series and the paraneters of curved |ines capable of approximting ]
boundary i foedeapdingadSings meaatararsfifeevra snrfese LPPreximeting & dlffengntial
regions enclosed by boundaries are painted by the average tones, and

wher eby anmager age Eivsge ther differentialpippge uie MIMGEIRY Shafiedyomypthese

origi nal pi

to the averregemetrrge. When the spodifidbide hay prpersss

cture in quality is obtained by addi ng the differential im %

diher eptérely femmictyre t

printing and so on. Further, arbitrary enlargenent and reduction in size,
rotation nulifferemtialinagss she seceivingrside apgenqngses bhe epliretin At PREHCEISSH

par amet er s,

because boundaries and continually chanting tone values are

shown 18y f dbcis. odfviheicsending qids | kas ofivided 2 edifferential image into several

15

differential image blocks and all the divided differential image blocks have been
approximated, the receiving side retrieves the différehtial image blocks every
region, and these retrieved differential image blocks are synthesized as a whole.
As a result, the whole differential image is revived on the receiving side (port).

In the next stage, boundaries are retrieved between on the

. characteristic points, i.e. the branch points and the turning points of boundary

20

25

point series and the parameters of curved lines capable of approximating
boundary intervals and subboundaries betwéen characteristic points. The
regions enclosed by boundaries are painted by the average tones, and whereby
an average image is restored. A picture being the same as an loriginal picture in
quality is obtaineci by adding the differential image to the average image. It is
possible to output a picture by means of printing and so on. Further, arbitrary
enlargement and reduction in size, rotation movement and parallel movement are
possible by changing function parameters, because boundaries and continually

chanting tone values are shown by function values. The quality of picture is

16 l 'This Sheet Has BeenReﬂlace
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never degraded, even if various kinds of transformation are done.

Exanpl es of the invention wll be described with reference to the several
figures of the acconpanying draw ngs in which: Fig.1is an
outline of the transmtting device of the present invention in which the
data of an original picture are conpressed, the conpressed data are
transmtted by transmtting nmediuns to the sending side, the original
picture is copies fromthe data transmtted by the receiving side and the

copied original picture is regenerated b printer, screen and so on.
Fig.2 i s tIRYeSidqarageds pesthifelanious Sﬂfé‘}ﬁ g%ﬁ‘fai"ﬁfmaé’f?’i fe® §8R%ing  side

reads the original picture, defines the regions approxinmated t ones,
requires the border EXagR1ps Lftthe nyvgnsies Wﬁﬂ'ﬁ%@%?%@‘é@é JHER ,re?%‘" CPSY e

differential imge produced by deducting the ayerage-tone every region, and
t he diff er¥averal fignageef Q?%awmyuﬁsé%awlﬁﬁm e Fig.3
is a block diagram showing all the devices of an in utti% ang out uttitng
appar atus for conti ntigtl ti§nénpputline ofvthentremitting ndeYE§e© nté??orl{}esen
device, a region-generating device, a characteristic point deducin th
devi de, suimveabionoAni wldeh grerdatengt dapi eriging dHeYtred afsat éi°18P6?ﬁf%‘ing e
device, a regenerated data producing device and nmenpry devjces for staqring
t he resul teompyessed d@ﬁﬂtﬁ?ﬁeﬁﬁ%smﬁﬁégﬂ transmitting medigms q the F%n%ﬁ‘g side,
original, starting picture of "SIDBAGrl" as an exanple of continual -{one
pi ctures. the original pictpre igcepiessfram ibherdaje-trapamithed ynhie FeRsving &ice
made by dividing the original picture of Fig.4(a) into the regions with
similar tosedthegopied qriginel pictuze is regersraird Byah PaIRPRGICIEBA &N SO on.

Fig.4(c) is an assenbly of boundaries which have been extracted )
Fig.2 is the steps of the present invention in which the sending

10 side reads the original picture, defines the regions approximated by tones,
requires the borders, paints the regions with average-tones, requires the
differential image produced by deducting the average-tone every region, and
the differential images are approximated by functions.
| Fig.3 is a block diagram showing all the devices of an inputting and

15 outputting apparatus for continual-tone pictures- which contain an image
memory device,'. a region-generating device, a characteristic point deducing
device, subtraction image generating device, an encoded data producing device,
a regenerated data producing device and memory devices for storing the results
of the arithmetic devices.

20 Fig.4(a) is an original, starting picture of "SIDBA/Girl" as an
example of continual-tone pictures.

Fig.4(b) is an average-tone image which has been made by dividing
the original picture of Fig.4(a) into the regions with similar tones and by
painting each fegion with an average tone.

25 Fig.4(c) is an assembly of boundaries which have been extracted
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-18- fromthe region-divided i rage as boundaries between nei ghboring

regi ons. Fig.4(d) is an assenbly of branch points which have
been extracted fromthe boundaries. Fig.4(e) is an assenbly
of turning points which have been extracted fromthe boundaries.

Fig.4(f) is a differential imge which has been produced by subtracting
the average-tone imge fromthe original picture. Fig.4(g) is
a regenerated picture which has ben produced by adding a regenerated
subtraction image and the regenerated average-tone inmage. . ]

Fi g.5(a) ifromtherregienmdividesdsimagg af beyndarigs ae@ﬁ%%@ggha%‘% ’a%%m'f%r r ] "
in the Gothic font as an exanple of binary pictures.

i s an average-tone iFiggtdMis e sessmbdeof hretok einis Wﬂic\}i‘ﬂ«‘sﬁ‘f?gb?%e’&rﬁﬁ‘ieﬁal
picture of Fig.5(a) into the regions with simlar tones and painting each
regi on wi tfromt thegheungdpriesone. Fig.5(c) is an assenbl y of
boundari es which have been extracted fromthe region-divided inag

boundari es between nBiggHiedis ay assemblisof turnin g @ointsew bichphaig heen E’EtLTP'EtEdt he

boundaries are the same as the outlines of the character.

Fi g. 5(d) if%roanthesbeurariesd. t he boundari es and branch points which were
extracted fromthe boundaries. There is no branch point in the case of a
bi nary picture. Fig.4(f) is R gliSfeepntisl aimagesertith bhst been nprougeds by
whi ch were extracted from ‘the boundaries and are shown as bl ack dots.

Fi g.5(f) isubktrdetihgrtbrtavairagerigre whagh fiwms the eniginaddpicturey

Fig.4(g) is a regenerated picture which has ben produced by
adding a regenerated subtraction im'a.ge and the regenerated average-tone

10 image.

Fig.5(a) is an original, starting picture of a Chinese character " & " |
in the Gothic font as an example of binafy pictures.

Fig.5(b) is an average-tone _ima.ge which has been produced by
dividing the original picture of Fig.5(a) into the regions with similar tones and

15 painting each region with its average tone.

Fig.5(c) is an assembly of boundaries which have been extracted
from the region—divided image as boundaries between neighboring regions. In
the case of binary picture, the boundaries are the same as the outlines of the
character. |

20 Fig.5(d) is an assembly of the boundaries and branch points which
were extracted from the boundaries. There is no branch point in the case of a
binary picture.

Fig.5(e) is an assembly of turning points which were extracted from

the boundaries and are shown as black dots.

25 Fig.5(f) is a differential image which has been produced by

18 This Sheet Has Been R laced

(AU




-19- subtracting the average-tone image (Fig.5(b)) from the original

picture (Fig.5(a)). Fig.5(g) is a revived picture which was
produced by adding a regenerated subtraction image and the regenerated
aver age-tone i nage. - Fig.6 is an explanatory figure show ng the

operation of exchanging encoded data to transmtting data where the
encoded data annexing flags and error codes in front of the data and
annexi ng flags behind the encoded dat a. Fig.7(a) is an

original picture of "Grl" which wil| be trea by, t he rese I NV [.on
as an exarPHETRURE Rt | AvETagP tRe lﬂ’ia@Fur(E.lg'%’ﬁ%% %F?’&i ﬁﬁg °§1|£"§?jlr gb 1§ﬂhle
"Grl" is transmtted by the steps of inputting the original picture,

appr oxi nat(iFﬁé'WHé- data of the inputted picture, conpressing the

approximated data of the inputted picture, coppressing the r oxi,nat ed
data and encoding tHi8-}{&hpise&sEdViygdapicture which Wangﬁ‘?Q‘ﬁﬂ%og%é' ﬁﬂ‘g%‘gea‘
original picture of a Chinese character "[err]" which wIll be treated by
the presentegengesiedonbizagtion inagn andfhe regsnpsptps AVgrageFANE 1088 gi nal
picture is transmtted by the steps of inputting the original picture, .
appr &i mating the dakig-Bis M@@W?@dfﬁwmlyw%énﬂﬁe%rmr& exchanging
approxi mated data and encodi ng the conpressed dat a. . Fi g 8(da)
is a regenencaded feter ta brasismitiingdage vehens the erceded dataannering flags n
exanpl e of continually-tone pictures in which the quality of recejyed
pi cture frernoriredendndeentdets the dataamdepnegngdlegs Hﬁ(lﬁgﬂ%‘(enes‘)@ ﬁdiattﬁ'e

regenerated picture is produced in the receivi ,%anl de, , h
Fig.8(b) is a regeneFigt@) s enpmisirel mietuge ¢fi pV Biqly wilp e tppgtpd bysthe,

exanpl e of binary pictures in which the quality of received pictyre fro
the encodetessatainventioni s RN EXpEPLO OfiB( Foprinkaly-tone PW@“F‘SQ%@? a&ré%imgl
pi et u1r0e ! Spicture of "Girl" is transmitted by the steps qf inputting the original picture,
a.ppr_oximating the data of the inputted picture, compressing the approximated
data of the inputted picture, compressing the approximated data and encoding
the compressed data.
| Fig.7(b) is an original picture of a Chinese character " & " which
15 will be treated by the present invention as an example of a binary picture. This
original picture is transmitted by the steps of inputting the original picture,
approximating the data of the inputted picture, compressing the approximated
data and encoding the compressed data.
Fig.8(a) is a fegenerated picture of the original picture of
20 "SIDBA/Girl" as an example of continually-tone pictures in which the quality of
received picture from the encoded' data is defined to be 30 dB(p~p/rms), and the
regenerated picture is produced in the receiving side.
Fig.8(b) is a regenerated picture of the original picture of " ® " as

an example of binary pictures in which the quality of received picture from the

25 encoded data is defined to be 30 dB(p-p/rms), and the regenerated picture is
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-20 - produced in the receiving side. Fig.9 is a regenerated
picture of the original picture of "SIDBA/Grl" in which the quality of
received picture is defined to be 40 dB(p-p/rns), and the regenerated
picture is produced in the receiving side. There is nostly no difference
between the original picture and the regenerated picture.

Fig.10(a) is a revived picture in a smaller size of the original picture
of "SIDBA/Grl". Fig.10(b) is a revived picture in the sane
size of the original picture of "SIDBA/GTrl". Fig.11(c) is a
revi ved pi pragucedringhesteseivisgAdef the original picture of "SIDBAGrl".
The conmuni cati on apparatus and nethod of the present invenptio gnabl e %o
transnit col or pict uFig?ase BoncrEeneraliedc Bisturausf | PhenARRIAG « Bitkure ©

pi ctures, being er_ndgvyed wi th high quali t¥, short transmtti 'tiJfTec agg Qégh'
fl exi bi|itySIDBA/GIrl" in whichgthe shedya o cFREPEYTE HFBHIE a%aﬁ%m of
explaining a data transmtting apparatus of the present inventiogn. A_.
communi cat HBfp-apiraxsit esd thepregenariahed thietune: Ho@refueed ip e Recs e, fidsn
is previously installed into a conputer, a work station and so on. V\hagn an
ori giial ‘pToere & pastiyenb differenmedbetwesnsidie original pirgineandthe gpeeneratedy
out by an inmage readi ng apparatus, for exanple, an inmage scanner and so
on, and i spictpue. into a conputer and so on. \Wen a picture stored in an
i mge data base is sent, the picture is directly displaced fromthe .inage
data base into a conpig.é8(ednté 2o remivedumittarre ither dumadlercsi#sr e54ba Wg’c”r‘?g
nmet hod of the present invention can be input in a conputer
picture of "SIDBA/Girl". :
Fig.10(b) is a revived picture in the same size of the original
10 picture of "SIDBA/Girl".

Fig.11(c) is a revived picture in a larger size of the orig_inal picture
of "SIDBA/Girl".

The communication apparatus and method of the present invention
enable to transmit color pictures and monochromatic continually-changing tone

15 pictures, being endowed with high quality, short transmitting time and high
flexibility.

Fig.1 shows a schematic block diagram for explaining a data
transmitting apparatus of the present invention. A communication apparatus
implementing the method of the present invention is previously installed into a

20 computer, a work station and so on. When an original picture painted on a paper
is sent, the original picture is read out by an image reading apparatus, for
example, an image scanner and so on, and is input into a computer and so on.
When a picture stored in an image data base is sent, the piqture is directly

displaced from the image data base into a computer and so on. Further, the data

25 compressed by the method of the present invention can be input in a computer
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-21 - for sending the conpressed data. The above-nenti oned
treatnents, such as the boundary extraction, the boundary approxi mation,
the average i mge extraction, the differential image extraction, the
differential inmage approxinmation, the encoding and so on, are carried out
in the conputer, the work station and so on. The conpressed data are
transmtted by a nodem for conmunication. Transm ssion nmedi uns are

t el ephone lines, exclusive lines, wirelesses and so on. Wen tel ephone

| i nes or cted with conmmercial providers, a
! ?tﬁrg%%ﬁiﬁﬁ? tle e %Es&a"?%

commer ci al at1on S |nterposed t herebetween. In this

case, subscribers ha}f‘?te tbb)%leLm 1on codl %r?_lal{mep{:g SUcH8s %g@(})%?lo rdg.gz%%gtta%%fch?g

t he secret of connunlca I"on. ers €e Ts dec

| I th h . ] t] :
oo v Seﬁi “boun iy, BT m'ni“%hgeﬁ NRHegt hiReDERIERoh MR L FuraRAS
commer ci al ute

communi cat 57 aﬁracﬁapeth? e‘i)%fr%%n%%’r{'&éf %&}5515’?}%%91 ke ?§%°4198er o on,
nput fﬁ?o%%?e%ﬁaﬁp“ R thF SRR Prk tetoR whsRiEr ahe, Ao Aeted
{he. pr esandert e Hromee %%%g' L Bana ogﬁ“%%ﬁré%m%am anpBitsich BT B
{ranon (i TE=BRRRE M?Pr Sy M@ﬁ&r PSR 'ﬁevéfﬁtee’f“eer*eﬁﬁoﬁh%%f%@és The
Communi cat ?%ﬁmﬁé\‘) o8 PR CSTEE TROCRT BRI A Vriae: 1 aopAeRell hot®
Fur t her or SUS4A1T & SRPRHSET b ‘Bhenmoaed ReretalBRngihibee waer supperiiers peve
origingl pitﬁé%r oy D48 SEISDANT DY NS SOMR! e3P U Al Ofn! L&!ret NBe
communication. A membership fee is decided for every commercial host. The
communication method of the present invention needs .no providers
therebetween, but is capable of communicating through commercial computers.
On the receiving side (port), communication data are
15 reverse—changed by a communication modém connected with telephone lines,
exclusive lines or wirelesses, and are input into personal computers or work
stations. A computer on the receiving side is previously installed with the
communication apparatus of the present invention. Compreésed and encoded
data are received on the receiving side (port). A small volume of data alleviates
20 the time for transmitting, which brings the benefit of reducing the telephone
fee. The receiving side (port) receives the compressed and transmitted data by
the communication method of the present invention. It is feasible to memorize
the compressed data as they are in a memory apparatus.
Furthermore, this invention enables the receiving port to retrieve

25 the original picture by reverse-changing the compressed data at or after the
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-22 - nonent of reception of the conpressed data. The retrieved data are
visually output via a printer, a large picture display, a cutting plotter
and so on. In spite of the small anmount of transmtted data, the
boundaries and continually-changi ng tones expressed by successive
functions enable the receiving port to regenerate a picture faithful to
the original picture. The retrieved picture can freely be reduced or

enl ar ged. The gist of this invention is to provide an apparatus
and a nmethod having the steps of dividing_ an origi nal , Bi gt(ge with,

cont i nual IBomeningf KECeRIS of | theocempranssdi 99tanr TRE FEHEVER Lath; 45, VisyRbY
seeki ng boundaries between the different regions, dividing the boundaries
by the chawépubrvista eriggent §, lerge richingndismiey nd Subka gt aloﬁ‘g%?g%%i%?t Qn. In
obtai ning snmooth differential inmages with only low fre uencg cgrrtponent% by
extract i ngréve aokr 4he tsmedl pemewnte Pf orbremunitiad gidats. pihe ypgundaries an
approxi mating the subboundaries and the differential imges, by one

vari abl e asvatinvaliyarhangiogpienes:| exnyiepaedi BY s sueeprive vBIRCUHANS GR &8 ng
all the data of the continually-changing tone picture, transmtting the
conpbessedregatvingr pontt be reganerdtet & rpicturie faiyhiwle te dbei originalj pictureiThf
out the information regarding the boundaries fromthe conpressed data,
retrievi ngretrieged qgcturs camdfrebky de fredueed pulenlanggds by the parti al ,

pol ynom als, and regenerating a picture of the original picture on the
receiving side (portThe gist of this inventden 4s olrevifie paPparatus #rd enpeidied
preparatively dissolves the read-in original color picture into three or
four pri nehgvinglthe steps of dividing evewiginal hictitnel withi centipueligrahanging tones
monochromati c pictures independently in the same manner, reducing the
amount of ihabas plorelitessf mpgitres ddt simdlag tanesnsepking Poundarigrpheivess tha a
to the data-receiving side in which each primary-color picture is ]

r egendr at edifferent t tegions,adividing shagbeundaties ey -theneharacteristic points, Le.

branch points and turning pomts; obtaining smooth differential images with
only low frequency components by extracting an average tone picture from the
original picture, approximeting the subboundaries and the differential images
by one va.ria.‘ble and two variable partial polynomials respectively for

15 compressing all the data of the continually-changing tone picture, transmitting
the compressed data from the transmitting side to the receiving side, taking out
the information regarding the boundaries from the compressed data, retrieving
the regions and the differential images by the partial polynomials, and
regenerating a picture of the original picture on the receiv_ing side (port).

20 For a color picture, this invention preparatively dissolves the
read—-in original color picture into three or four primary-color pictures,
processes the individual primary-colqr monochromatic pictures independently
in the same manner, reducing the amount of data, compressing the data and
transmitting the compressed data to the data-receiving side in which each

25 primary-color picture is regenerated from the data and a single continual-tone
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-23 - color picture is retrieved by synthesizing the primry-color

pi ct ures. When an object picture is a sinple binary picture,
the boundaries are just equal to the outlines of the picture, and a
differential inmage, which is defined by a difference between an original
pi cture and an average-tone inmage, only becones a flat surface with

uni formtones. Such a binary picture is able to be conpressed and
transmtted by the nethod of the present invention. Hence, various nodes
of pictures, e

: bi nar I ct.ures ont.i.nual.l y- changi | ctures and
col or pi ctW s?gﬁ‘f’ée }fe%\%f Pe\kﬁefih %?yflﬁ?%s%ﬂétﬁ%%rﬁfng‘?ﬁ#;&?}ng{e&?\flf%ﬁ
i npl ements farreachi versatiljty. . . This i.nvention.repr ts
a picture in a seri &9t af‘u‘?f@tefz{)ﬁg?t“gﬁ ﬁshﬁflm%lergﬁ?ﬁgr%{fggepitg lﬂoglnd%%eeg
over cones the, degradation of qualit Thi,s i nvention..s uperi or . 1 h
bi ¢ . mEATROSE P 4R e iLies: PR HRAPISHAG, Rt QiEerepLil iapf pflich
Furthernore, since this invention extracts edge, parts. having steep_ .tone
changes as3&fRatiayi aegff%%?ﬁilcégb?ta’ﬁ?ﬂeﬁrbgrﬁgﬁ%ﬁb%ﬁﬁg‘?ﬁ and ag Ay "-?P:Ee%8§f* 6lﬁgge’by
functions, the deformafion and the degradation oé t.he edgg Ba&ts .mh%% was
the Seri ol RACOMEE & Hat BETiace: HER, UHEQRN toRasy Such a binary pictugg I8 aRis i
description hitherto is an outline of the present . inventiqn. The
boundar y- €38 FRPTeRFed AP heansmitedry 4Bp r"&ﬁ?ihﬂﬁtqfrﬁ’eaﬁ’%eseﬂk Jriention., tegee,
whol e in the input continually-changi tone;picture. But _differential
i mages ar e"H srg%‘iesar?ﬁ Etﬁ*rﬂ\?/%%s% 'ngﬁ‘aﬁﬁl piciurss, SAPHRLELY cERfFEn u€°nael S0
as every diyvided bl ock, which is shown by Fig.2. Such a bul k rocessitgo%is
sui tabl e iPictpresapndqojor,Pictiirgae aFe jdealt Mty jbah this) mvepkion,; ’Fﬁ’csy“b‘?e“
conputer is limted, the differential inmages should be processed and
conpr essedmRlemeRts fargeanhdag isreilitiand their data are menorized for every

divided block and are transnitted. The regeneration of )
conti¥al | y- changi ngTQigr;QVﬁp'@'pgr@pirgsents a picture in a series of functions, so that

a regenerated picture overcomes the degradation of quality. This invention is
superior to the bit map method in image quality, transmitting time and
flexibility. Furthermore, since_this invention extracts edge parts having steep
tone changes as boundaries, and approximates the boundaries and the regions

15 by functions, the deformation and the degradation of the edge parts, which was -
the serious fault of the DCT method, never occur.

The above description hitherto is an outline of the present
invention. The boundary—exﬁra.cting and the boundary—approximating are
processed as a whole in the input continually-changing tone picture. But

20 differential images are processed and compressed not only as an entire picture
but also as every divided block, which is shown by Fig.2. Such a bulk
processing is suitable if the ability of computer is sufficient. If the ability of
computer is limited, the differential images should be processed and compressed
in every. divided block, and their data are memorized for every divided block

25 and are transmitted. The regeneration of cont_inua.]ly-changing tone picture is
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- 24- carried out for every divided block also on the receiving side
(port). The regenerated divided bl ocks are sunmed up for retrieving the
original picture. This invention, of course, ,allows both the
bul k processing nethod and the division processing nmethod. Both processing
met hods are the sanme in their manners, but are only different from each
other in the range of processing. Since the bulk processing nethod is
easily known fromthe division processing nethod, the division processing
method will majnly be explained  hereafter for avoiding redungancy.. An

obj ect pi ctG&rEeds OhE Tar YAt diYideE Block) alsql pRythsr TREGFINE Side BPThhi Jhe
has a constant area (size) wWthout considering the content of the object
pi cture, arffEERBratRgividedsblogks aFe sHamAdvRIder BeiFiREng the qrigingl PiGtHEPest
to take a divided block as a square having sides of a common divisor of a
total |ongitudinal piBfde iRuAREen.ant caurs. Allavws bPodnthe bylk Aropessiag . metbgd
it is available to adopt a rectangle as a divided image bl ock. The size of
a di vi ded #1dbtRe idivigiane precassing method. Jipvhr prasessingdpethodsyareshe sampdn
size Qf a divided block should be determ ned in corresponding to the

abi | i Py of tgHpupeiners, but are onlyhdiffgrerinifrgmaeack hethesyiigedhe orange of
constructing the communi cation apparatus of the present invention. These
conponent s BRoses¢BEn $inceithe Pulk procpsyng methoddstaagily iknowa from theydivision
understanding. As a whole, these devices are conposed of a A

r egi on- gencRRCPPRNgefieblod, athe ininien irrdcesyBEnherhQd il Aginliehe cexplained
differential image calculating device, an encoded data generating device,
a retri evediaygatieydciosr avoidingieeduadaney . srpebject picture is hexe divided datpey

devi ce B. Regi on-division device C. Regi on nenory
devi ce plurality of blocks geghyr of whidhnbes agcanstantearea (size) without considering
10 the content of the object picture, and the image is a sum of the divided blocks.

It is the simplest to take a divided block as a square having sides of a common
divisor of a total longitudinal pixel number and a total horizontal pixel number.
But it is available to adopt a rectangle as a divided image block. The size of a
divided block is a.bie to be, e.g., a square of 32 dots X 32 dots. The size of a
15 divided block should be determined in corresponding to the ability of computer.
The following are the devices for constructing the communication
apparatus of the present invention. These components are shown in Fig.3 as a
block figure that is helpful in understanding. As a whole, t_hese devices are
composed of a region—generating device, a characteristic point-extracting
20 device, a differential image calculating device, an encoded data generating
device, a retrieved data generating device and so on. |
A. Image memory device
B. Region-division device
C. Region memory device

25 D. Boundary-extracting device
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- 25 - E. Branch-point extracting device F.

Boundary nenory device G  Turni ng-point extracting devic

H. Boundary approxi mati ng device | . Regional data nenory

J. Differential inmage production device . K Differential inmage
menory devi ce L. Differential image division device

M D fferential block nenory device N. Data approxi mation

devi ce O Conpressed data nmenory device P. Encodi ng
devi ce Q Encoded data outputting device R Encoded
data menory devi ce 'E. Branch—poipt e@ﬂ@ﬁaﬁg&sﬁ‘ﬂ% data generating device
[err]. Conmunication data transmtting device [err].

Conmmuni cati on dat a Fec&oundgrymemogy device S. Encoded data inputting
devi ce T. Decodi ng device U Differential block
revival device G. Turning-poiff extenciink deviee retri eve device

W Continually tone i mge regeneration device X. Continually

tone i nage out putti gy d@deundery approximatingltievigevices of A to A are
installed on the data-transmtting side (port), and the devices of [err]]
to Xsare installed dn tBegicmdladategemanyg side (port).
| J. Differential image production device
K. Differential image memory device
Differential image division device
Differential block memory device-
10

Data approximation device

© = x T

Compressed data memory device

v

Encoding device

Encoded data outputting device
Encoded data memory deviée

15

. Communication data generating device

. Communication data transmitting device

® b 1 ® B

Communication data receiving device

n

Encoded data inputting device

.

Decoding device
20 Differential block revival device
Differential image retrieve device

Continually tone image regeneration device

= = g

Continually tone image outputting device
The devices of A to A are installed on the data-transmitting side

25 (port), and the devices of ® to X are installed on the data~receiving side (port).
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-26 - The transmtting nedia, for exanple, telephone |Iines, exclusive
lines, wirelesses and so on, intervene between the device A and the device
[err]. Actually, one station often possesses both the data-transmtting
devi ces and the data-receiving devices, because data are sent and received
bilaterally. The above system constituting of the devices of A
to Xis for nonochromatic continually-changing tone pictures. Wen an
input picture is a color continually-changing tone picture, the input
color picture is resolved into primary-color nonochronmatic pictures by a
col or resollhe Fangwitting mgdise §rr Wmﬁle Helanhongdines, exchisdvr lingspyirglesses
Data of each primary color picture are conpressed, are encoded and are
transmi t t ed@nidy se ian, dakerviersnletyeenatie dawvinecHy omnd ithe plevies yOeohdiuayconee
is retrieved fromthe conpressed encoding data of primary color tone, and
a set of tIssatien nwflercolpgssessesureeth stheymdiastirapgmittingcdevides and | dheng
devices are necessary for color continually-changing tone pictures in
addi ti on. data—receiving deviggs, becawssoflata ane shmtiangl received bilaterally. Col or

synt hesi s devi ce The above processes are related to the case
of digiding a diffdhenebaveisxkstemi gonstityting coft ithe devicks ofi Ahta X dasfoant
area. |If a conputer has a sufficient ability of dealing with data, a

di f f er ent i anoriorhgematic tcontinedilzschangingotcmenpiciones.dWhiedi sy inpit pisturéds a
differential inmage division device L and the differential block revival
devi ce U arcelamemuémeallyy-changing tone pictuFaectipr buegsicier biztuemivtesedverhinto
decodi ng data is practiced before and after the transm ssion of data in -
order to reuinsry-veldr mosodiromagicdpictureriby & enlpr oesultitibhealesdon & befihewithhe
processing for encoding is unnecessary, the processes of encodi ng and
decodi ng d&tya theesaivé epricoebsesoin texd]lel.naDates of tdeeh primary color picture are

10 compressed, are encoded and are transmitted by the same manners. Each
monochromatic primary-color picture is retrieved from the compressed encoding '
data of primary color tone, and a set of the primary-color pictures is
synthesized. Hence, the following devices are necessary for color
continually—changing tone pictures 1n addition.

15 Y. Color resolution device

Z. Color synthesis device

The above processes are related to the case of dividing a
differential image into differential blocks with a constant area. If a computer
has a sufficient ability of dealing with data, a differential image is tfeated as a

20 whole without dividing. If so, the dﬁferentid image division device L and the
differential block revival device U are unnecessary.

The processing for encoding and decoding data is practiced before
and after the transmission of data in order to reduce the transmitting data and
to protect the secret. When the processing for encoding is unnecessary, the

25 processes of encoding and decoding data are able to be omitted, that is, the
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-27- devices of fromP to R and the devices of fromSto T are left out.
The devices of fromA to [err] are apparatuses for the transmtting port,
and the devices of fromJ[err] to X are apparatuses for the receiving port.
This invention is conposed of the sophisticated processes of dividing a
continual I y-changing tone picture into a plurality of regions having
simlar tones (densities), extracting and approxi mati ng boundari es,

pai nting each region uniformy with an average tone, i.e. an average-tone
i mage, making a differential inage fromthe difference between an original
pi cture arfiPVases of BodyR te fnand khg devigssirams tryT ame 1efta%r enti al i nage by
pertinent two-dinensional functions and yielding the conpressed data of
expressing the diffEedeviges) pfageom 2 &p &rarscapearakuges; §or he trangwitingat
it is difficult to understand the operation of this invention. Therefore,
the procesws, ehdt thes devipesned Sromi@ Lo Be ape canrarstysasy It ee8iVIRE IPORE up
practical cases of a continually-changing tone picture and a binary tone
pi cture. Theisf énventions is compraed of t”rhecfm@ﬁﬁécatteﬁei’m?ﬁ%ﬂﬁc%s%ﬁé,m%&
the latter is a picture with two valued tones. The binary tone picture is
deensd as eansinusdly-cheameing sene iniftursf into ecplurality |of- eeSlRRE R Tiggesimilar
picture, so that the binary tone picture can be treated by the same manner
as the cortonesaldsnsitiaslyi pEtrectiaspissdurapprofimatig pgundatiesi PRINtINE AT
be expl ained as an exanple.so as to clarify how nmuch sinplicity the: '
cont i nual | segitmrepifernlynwith enugeenags. toneCdist | HUAVEDREITERR? HB28BnBaBINE & o

Case] The processes of transmitting a continually-changi ng
t one pi ct udifferential Himagepfromethehydiffierence raptweennar xenigingl ypisturg randpfen; he
"SIDBAGrl" shown in Fig.4(a) to Fig.4(Q). First, an

ori gi nal piniregesivneofinalge, " @pprvximetingadthe) Bifferensiali dapge by pertinent
10 two—dimensional functions and_yielding the compressed data of expressing the
differential image. Such processes are so complicated that it is difficult to
understand the operation of this invenf.ion. Therefore, the processes of this
invention will be previously explained by picki.ng up practical cases of a
continually-changing tone picture and a binary tone picture. The former is a
15 picture with cha.ﬁging tones in succession, and the latter is a picture with two
valﬁed tones. The binary tone picture is deemed as the most simplified limit of a
continually-changing tone i:iéture, so that the binary tone picture can be
treated by the same manner as the continually-changing tone picture. The
binary tone picture should be explained as an example so as to clarify how much
20 simplicity the continually-changing tone picture has.
[Continually-Changing Tone Picture Case]
The processes of transmitting a continually—changing tone picture
will be explained .by referring to an exemplary picture of the "SIDBA/Girl"
shown in Fig.4(a) to Fig.4(g).

25 First, an original photograph of the "Girl" is read in by an optical

R
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-28 - readi ng apparatus, for exanple, an inmage scanner. It is also
possible to draft pictures on the display of a conputer by using various
kinds of editors (software). Fig.4(a) is an input continually-changing
tone picture. The read picture is divided into a plurality of pixels. Each
pixel is a mnimumunit lining up |engthw se and breadthw se in a picture.
Each pi xel has individual tone information, and has only a single tone
that is said by other expressions, e.g., density, degree of brightness,
degree of darkness and so_on. The degree of darkness.is, nost ]| i to
the densi FgaBing PRPIAREBSEPT BXamRIcy &fr MAEST SCHYETht ejsssfﬂsf)tp?ss‘?x %%aﬁ gg‘i&fé to
use one of them but this paper adapts the _expression. of "tone" 'nsdt. ad of
density, mittyreneer the glisRlegsof a computer by Asing; FRipus Jb‘f‘.gﬁei# tS e a
set of neighboring pixels having simlar tones. Fi_rstlx, such reg'bonrsé re
extract ed.(safiwagek i Fig-¢(a)f i ap;i MRwtecontinpalivrehanging, tgng R % L PRI s.
The nunber of divided regions varies by the width of = tone, resenbl %rl%gi As
the wi dt h Rittusiexis| divistrssingp & phungilisys qfspixglsychach pifel; Fmpinimun BRE HEREe
wi der and the nunber of regions becones smaller. On the_ contrar agstthe
wi dth of pixdengiyvdse gindy hregithiviss Haer Simures ngachy piesl bas l?‘gie!)r{%‘h one
beconmes | arger, and individual regions becone slinmmer. . _Average
t ones ar e ipfdnmaticne inidohas|only feesinagle dane thab iaveihHy HFE eXPICERIPNFctt Exs
an average value of the tones of pixels of a region. The inmage,  includi
plural ity densityi dearepadhbeithiness.t Hegres o rdayknesnand 80 of)| ddefesree ©
"average-tone image". Fig.4(b) is an average-tone image that is stored i
the regi odankmess yisdewstly. similar to the degisioe huteiepPPpeey tor the ﬂer&rﬁﬁem{']s
divided into a plurality of regions, many boundaries agpear as lines
bet ween nebrjbbtnéssg fedsomraildile toegisenone of thams i Fhist PePRE| adaptfthee
boundary is a assenbly of |ines running between

10 expression of "tone" instead of density, brightness or darkness.

A region is defined to be a set of neighboring pixels having similar
tones. Firstly, such regions are extracted. The entirety of a picture is divided
into a plenty of regions. The number of divided regions varies by the width of
tone resembla.nc'e. As the width of pixel tones of a region is larger, individual

15 regions become wider and thé number of regions becomes smaller. On the
contrary, as the width of pixel tones of a region is na.rro.wer, the number of
regions becomes larger, and individual regions become slimmer.

Average tones are calculated for all the regions. The average tone
is defined as an average value of the tones of pixels of a region. The image

20 including a plufaJity of regions painted with their average tones is called an
"average—tone image". Fig.4(b) is an a.vera.ge—.tone image that is stored in the
region memory device.

Since the entirety of a picture is divided into a plurality of regions,
many boundaries appear as lines between neighboring regions. The region is an

25 assembly of pixels, and the boundary is a assembly of lines running between
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- 29- nei ghbori ng pi xel s. The boundary is a |ine passing not the center of
a pixel but ‘the outline of a pixel unlike conventional inmge processing.
Since a pixel is a mnmmunit of a square, the lines around a pixel are
either horizontal lines or perpendicular lines. Hence, a boundary is a
continual line consisting of horizontal |lines and vertical lines. The
boundary is a line for characterizing a region. The boundaries are
extracted for defining the outlines of the regions. Every boundary

encl oses %Ji%ﬁ%?@ﬂgi@:(ﬁ%{%@tT?é %ognflég%.?g g.: 828 passing nqt atrliletcenggf' 8£ e quagary

s not an 1Is e close nce nore WO regiors joln

wi L ¢ O9UAGT oG B CSHEY TR OLSIREEHOORAEL At Clbin LT E800% LI 1o o

boundari es neet. nce, ere exist a tsw er
hree o mePInbRARERed RIS che JE R RR B e o0 en BRHBBp R AR,
onl'y. tvo Bl ar R C R T S pin e e o sARHEREL e (MBI
part Pl FARRE e R e R R, SR sk e Rk R g
of & boundSPTn 0% BOGHdTet 855 SHEER JRBI TS R LS ALt TeAighe.
compoced div Ve Ir SHARS FOFRDe PO She R PO L bBen curves
term nated at branc oé_rét g'?"r‘%‘[l?“é’ is gt i@pp}%g%m' n poli ntd'r']%oi S igjté]%gduceed'
as anot her type of St $HBPhEN GHPPR BT h oS e eas
S 20U Sl Bl AT AR FRSOSE LS S5 O e
boungari esth%gg o%h&:ru%c{)g&ril a(,arigsh ?ne% _u qge%rcie?%hegeo e;[uhs ta ioqegf %[agting points with
other boundaries as tracing a boundary being a closed loop. The point at which
three or more fha.n three boundaries meet is called a "branch point". If a
boundary is divided at branch points into partial boundaries, there exist only
two regions on both sides of each partial boundary. It is feasible to retrieve a
15 - boundary and a region from an assembly of branch points and partial
boundaries. The branch point, which is a point in which three or more than
three boundaries intersect, is extracted.
The part of a boundary tha.t is divided by two neighboring branch
points on the boundary is called a "boundary interval". The boundary, a closed
20 loop, is composed of a series of boundary intervals which are open curves
terminated at branch points.
A "turning point" is introduced as another type of characteristic

point. This turning point is defined as a point at which the boundary interval

changes the direction discontinuously. The branch points and the turning

25 points lie on the boundaries and characterize the boundaries, so that they are
TG




- 30- called "characteristic points". The boundary is divided into
boundary intervals by branch points, and a boundary interval is further
divided by turning points into partial lines that is called
"subboundari es". Every subboundary divided by turning points and branch
points is a curving or straight Iine having both ends. A boundary is a set
of boundary intervals. A boundary interval is a set of subboundaries. If
al | coordi nates of each point series on the subboundaries had to be

menor i zed, oo 10U gy ms)css#, Bt 0. BATEGHLS 42'ebrialle B ouitary

perti nent contrlvance IS requ furt I ne

bbound d.l h th d
b i wﬁerg@m A S04
Once th bbound h af ot

o0 ORI AL SR 5 P

nenories o n the Su oun ari‘es ca
par anat er it e 7P GlbnihBcheRls r?i{faﬁ 3 E@é‘%?%ﬁgﬁ R o
coor df nat cEUBIER B a§é9$£5§‘> e AR S e
vl gt 2%%%%3?8 ot PupborRAsri. e ‘é?é’é’&‘lg eBis F opf peoe
Sf’ﬁiié'sfrﬁé,'é’geﬁ”’ciﬁ Rneiheize haxe”t e ntEerd. BnErsinas BREOTREI
Ci'ep. Lhe SHRPIERCS ARoer ORBST HaER = mertiReah RrbHvazes s TaRpiathiE hnge

oo LA B 000 Aol R e B S
plur a{d ty 2 and co l:xguoug %xﬁgreednt\{maltc%e 1§1|e;1ts V\@aﬁ\ég %?nt}soer;{%gpt y(;gh Serlilgtsr action

Once the subboundary has been approximated by some functions,

all the memories of the coordinates of the point series on the subboundaries can

be abandoned. These approximation functions a.re. represented by several

pa.rarheters. The subboundary is defined and memorized by branch points,

15 turning points and approximation functions instead of individual coordinates of

point series on the subboundaries. The abandonment of individual coordinates

of the point series on the subboundaries reduces the amount of date of the

boundaries. This is the first step of the approximation processing of this

invention. Such a one-dimensional processing is not enough in treating a

20 continually—changing tone picture. Further, two—dimensional processing is

required.

In the next step, the "differential tone image" is calculated as a

difference image between the original picture and the average-tone image that

has been stored in the region~memory device. The average-tone image consists

25 of a plurality of regions painted with their own average tones. The subtraction
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-31 - bet ween an original picture and an average-tone inmage is _
cal cul ated at each pixel. Hence, since a subtraction = original pixel tone
- average tone, the sumof differential tones is zero in each regi on and
is also zero as the entirety of a picture. Since each region is defined to
be a group of pixels whose differential tones are included in a certain
range, the differential tones never go beyond the range. The resultant

i mge of the subtraction is called a "differential (subtraction) inmge".

There are only. a single.avera tone picture and,a single, differenti al
Thage o ot uhetged P sFiHEl BRI &l M Sitheh S IREES et SRR o6 each
picture, and.the differential inage have the same full size. The orj gi nal
bicture s Bt HRACEIBME & HPAHEAN 51 OFMENPLRIEH AR~ AYRREEROPg, T SHE of
image is ot W S€ de by subtracting the differential inm fromthe
o To nar pr Aiffegential BSres"ts 268 58 (eash pogopaid Thaaes SERBAG iy POREEIPE &
the origi nalpi{:)i cture are ransferred _to the average tones

es, The .
di f ferent i alPiPHE§e TBRE SPAR tREMD 15 AtipGditode BrEROYRY BiFelh ¥ hopR &iftRRsRTal
The differential im i.ncludes only. lowfr ency, onents of .tone
that vary STSBERPYS PRIHESE e Sariaa enErathe AHAGEPNCELAARPR RPRRT 80 RSy CEOrRe
pertinent functions, Since the differential inage  containg only snpot hlty
varyi ng t ond@n8epw T ReddiespErphotRagss of dheurgutrastion ols £35PEx iEnadiitphential
subtraction ingge. This is jhe second aEproxination, which differs from
the former JRBPEFAREORSIBAGET STRRES AFPOBIY Ratingle BYCLage iR Richire and a single
t wo- di mensi onal variation. Then the second conpressed data are Zi el ded by
the functi JHESEBRUES) IMaGeORictrs Huthe presess: i The priginal pighine, Hhe average tone
approximation js carriedﬁﬁgg two tines, The differential inmage i s possible
to be approdiffiise aqd the rgntigl imagr hayg the ssmegiilh size. shheyPuginalRirtynge
di ffer ratial, I mage shal|_ be divided into blocks. The differential inmge .
is, fortYexanfl B2 8 Dy oeéjdhpﬁtgl%tﬁF%ﬁlt%f the latter two. The average tone image is

otherwise made by subtracting the differential image from the original picture.
Most of the continually~changing tones of the original picture are
transferred to the average tones. The differential image contains weak
fluctuation of tones on the other hand. The differential image includes only
15 low—frequency components of tones that vary smoothly. Thus, the differential
image is approximated by some pertinent functions. Since the differential image
contains only smoothly varying tones, low order polynomials are sufficient to
approximate the subtraction image. This is the second approximation, which
differs from the former one. The second is the approximation of an amount of
20 two—dimensional variation. Then the second compressed data are yielded by the
function approximation of the differential image. Function approximation is
carried out two times. The differential image is possible to be approximated as a
whole, but the amount of data is so great that the differential image shall be

divided into blocks. The differential image is, for example, divided into a plenty

25 of blocks aligning lengthwise and breadthwise, and each divided differential
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of bl ocks aligning | engthwi se and breadthw se, and each divi ded

differenti al -32 - bl ock is
approxi mated by pertinent simlar functions. The approxi mation functions
are reckoned for all the divided differential blocks. The

anount of data is outstandingly reduced by the approxi mati on of boundaries
and the approximation of the differential inage. For exanple, when the
quality of the original picture and the quality of the retrieved picture
are assuned to be 30 dB (p-p/rns), the bit rate of the conpressed data

whi ch si dribék eés tdnpraminatedofoydapertinent egnilan tfynetionsn (The Sparprgatisn, e
the original picture has been expressed with 8 [bit/pel], the anount of
data is rehuctdns@reaieohonabfor ahitbe idivisied; differgntiel BiLSH#St t he conpressed
data to renote places via transm ssion nmediuns, e.g. tel ephone lines,.

excl usi ve |ines, w rEtesmesntnd dadads outstandingly reduped By ttheAnproximation
transmtted fromthe transmtting side (port) to the receiving side (port) -
via vari oust bonedariseand dhievapproiidatigetsf the diffexential impge-c Hosepxample,
conpressed and encoded and stores the conpressed encoded data in the
menoy devichen tWheruality ofi fhiecompinadlpictvagarnththdauality of theiretrieyas picksre
and each divided differential block has been approxi mated, the data of each
di vi ded di {fechesuinead to rRg80 alke (b+w1sis)] thel Wit ratalef thamempressaddakh which
order in the nenory device on the receiving side. The data are stored in

t he menor ysiga¢fié< ehe smdumatofi datasispb88i[blite/pel] incthed examplee Fince the qrégingh| y
simul taneous with the reception of the data but also at an arbitrary tine
after the prteps e Wderi bepratabd. with 8 [bit/pel], th&iamsunttdfedeliaf isereditgad to

i mage i s regenerated fromthe conpressed data at the receiving port. I|f

t he differ abduta5%.nByes insvetiticindexch tranamiit thek sompragised diada 4o remptsplages via

bl ocks are regenerated and all of the differential blocks are synt hesi zed
to bet@ di ffismiiédion mednges s gatslbphene lines, exclusive lines, wirelesses and so on.

The data are transmitted from the transmitting side (port) to the
receiving side (port) via various lines. The receiving side gets the data that
have Seen compressed and encoded and stores the compressed encoded data in
the memory d;avice. When the differential ima.ge has been divided into blocks

15 and each divided differential block has been approximated, the data of each
divided differential image are transmitted in order, and are stored in order in
the memory device on the receiving side. The data are stored in the memory
device, so that it is poésible to retrieve the picture not only simultaneous with
the reception of the data but also at a.n arbitrary time after the reception of the

20 data.

First, the differential image is regenerated from the compressed
data at the receiving port. If the differential image is divided into blocks?
divided differential blocks are regenerated and aJl of the differential blocks are
synthesized to be a differential image as a whole.

25 Second, the boundaries are retri‘eved.' Series o_f the boundaries
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Second, the boundaries are retrieved. Series of the boundaries
33 - retrieve the regions by enclosing them Each region is painted with
an average tone, which becones an average-tone picture. A final picture
corresponding to the original picture is regenerated by adding the
differential .inage to the average-tone picture. Thi s
I nvention is able to regenerate pictures not only in the original size at
a constant position but also in an arbitrary scale at an arbitrary
position. Since the information regarding the, bpungar,i s and
cont i nual IrptEiREm§ha Feginnssby enclpsing them; ntasnifgiry 47 PaHIE \)'é%g&r“ Hiraee
arbitrary enlar gement and reduction are freely practiced at an arbitrar
positi on Bynenwhiclhl besamesorn avpragestoms PicfugeCys final picture °°rresP°?ﬁé“5t§éve
explanation is related to the processing of ~nmonochromatic, . _ .
cont i nual [thecoriginadgricsuee gscreganeratag ng A98ing dheadiferentinl; mage H the
processing of color pictures. In the case of a color picture, the color
pi cture i avezs@étode ipictaireeveral primary col or continual | y-changi ng tone
pictures, all the resolved continually-changing tone pictures are t,reﬁ:éteed -
in parallel for evdthispinveationcdsoabley te heegrnesatmmieiurgs BOMATGEN LIS ¢
continual |l y-changing tone picture, and at last all continually-changing
tone pi ctaniginahsizesstnd cesstzed nasitiom butislsein enlesbitppey geale rhitrary .
regenerative apparatus is a color display, a color picture shall, be
resol ved ipasitibhght Spnéerar yhe colinfiormatipn( Retpgacdingh abee Bl Reyndgpes ,and
printer is used as an output device, a .color picture should be resolved
into four ¢untinuajlycohanging Heoness is CiawRveripdn, inton guitizariehls oVeday Iglag?:’k)
[ Binary Picture Case] )
arbitrary enlargement and reduction are freely practiced at an arbitrary

10 position by_the calculation.
[Color Picture Case]

The above explanation is related to the processing of
monochromatic continually—-changing tone piqtures. This invention also
provides the processing of color pictures. In the case of a color picture, the

15 color picture is resolved into several primary color continua]ly—-changiqg tone
pictures, all the resolved continﬁa.]ly—changing tone pictures are treated in
parallel for every primary color by the same manner as a monochromatic
continually-changing tone picture, and at last all continua.lly—cha.hging to'ne.
pictures are synthesized into a unified color picture. When a regenerative

20 apparatus is a color display, a color picture shall be resolved into light primary
colors RGB (Red, Green and Blue). When a printer is used as an output device, a
color picture should be resolved into four primary colors, that is, CMYK (Cyan,
Magenta, Yellow and Black).

[Binary Picture Case]

25 This invention aims at the processing of continually—changing tone
il




This invention ains at the processing of continually-changing tone

-34 - pi ctures, which does not nean this invention can not treat binary
pi ctures. Because a binary picture is considered as the sinplest limt
of a continually-changing tone picture. Therefore, this invention is
capable of dealing with binary pictures. Such a binary picture is dealt
with by the sane nmanner as continual |l y-changi ng tone pictures, but the
treatment of a binary picture becones far sinpler than a

D nary p) SR e gl s Pt Bdaf) PP Eivention gan not srebth B CoR}Afbad"

a binary pi UreT i expl a referrlng
Fig.5(a) to 5(g xhibit the steps o Loce SI 0g 0, I n
b ture, ( nEPeRLs ok, e e e e«

Gothic f th bi he ch h
baikgfounéo”%mu&ﬁ%-%%% s ﬁhe#Z*ef%férsﬁa%a%{%?’%%%??aﬁ Al

bl ack and t b k t bl t T bi

read- i n by AReRAqEEh HERRE BirtirRay Sion arbimeey nittt ik X BRRE AOLf %%a?ﬁg

t t dth bi t d h

S L kol e 5 AL 58

regi ons, and® ﬁ CRUET 2T E%lpgﬁr Eﬁ &%@9—8*\%“%’15‘8 PREPES ure gﬁ' %‘2&%

aver age-tone i nage. I;} s aver ag_g Bﬁ”aﬁggm%)f%)ew cﬁ%feiﬁlam?&r ggtrefe’{fmg to
. u

regi on- menory devi ce, Wi TP

the sanme as t.h ont Lnual |l y-changi ng tone pictures in manner. This
i nvention cftﬁg%ﬁ&/\@/gg th nore sinpli fy t he treatnment of bi nary

8IbJCteg{ e?’s nm ghs\iMrr;): gb 1%152;;%3:0 ’@t‘%@i of lt\i’,\g&ﬁoﬁgepafr &t ?’E%ctesﬁlﬁléafnt mighré
char ac]isr x Slgela.xf‘y p1ct re, ﬁ?atsirs],o a n:[whr%' neggrclh%.%ac er otE "aée' printed in the Gothic
front. Since this is a binary picture, the character part and the background
part are constant in tone where the character part is painted black and the
background part is blank (white). This binary picture is read-in by an image
scanner in the same manner as the continually—changing tone pictures, and the
15 read—-in binary picture is memorized in the image memory device. Fig.5(a) shows
this read-in binary picture. This invention extracts the parts consisting of
pixels having similar tones as continuous regions, and paints every region each
average tone in order to ﬁlake an average—tone image. This average—tone image
is memorized in the fegion—-memory device, which is shown by Fig.5(b). Such the
20 treatment is the_ same as the continually—changing tone pictures in manner. This
invention can, however, much more simplify the treatment of binary pictures,

which will be explained as follows.

Since the object 1s now a simple binary picture, the regions are

just equal to the character itself. Fig.5(c) shows the boundaries which are

25 outlines of the character. The average tone is equal to the character part tone.
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outlines of the character. The average tone is equal to the character part
t one. 35 - The average tone
"has only one value, that is, the average tone within the outlines is equal
to the uniformtone of the black regions. The outlines of the character
are extracted as boundaries that are closed | oops. Hence, all the outlines
are independent, isolated and separated from ot hers and further have
nei t her crossing point nor branching points. The boundaries inherit all the
characteristics fromthe outlines. Therefore, the boundaries are .

i ndependerfthe @vesage Itonpsham driivvens ¥adues thatg is,nbhe) BYEERER JORRJWitYin the
contact, which brings. about no points for dividing the binary picture into
nore t han duttinesds @quial tEFitheS¢niforshdnse tafcthecblack rdgions.s Jdei & drthech
points at which three or four different regions are in contact with _each
ot her. As dtvactelr ara Eixtreted ast beusdanies thatbasmciiogesi deaps. THepee.e&lldthe
only turning points having discontinuous inclination and regular points
havi ng conjutiinas sirachidepéendent, Thelatédred separatedsfifom others ansd éwrthgsthaye y
the turning points. Fig.5(e) shows the turning points. As expl ained
hithérto, ridithdr nasssipg cpeintsnar eranciping pointie Phe deswidagiest Inhsgifnabrihes.
The turning points are extracted, and the boundaries are divided into
subboundardmesaéipaistiod fiomeap dytlinks. t Therefgreyoihe boufitiariss isive indgperdentyr e
approxi mat ed by some pertinent functions. A differential tone imge is nade
fromthe dilbdet tovpe ed ieee hderossiggnalo praxtching and nheontastaydiclypeings.

I mge. Here, the processing becones nmuch sinpler. The average-tone inage

i s equal tabouthfoopdigtsdbr pdividihg. tHN dinafyf qientreaintbomerd thee twek pegigns.
constant tone value of zero, which is shown by Fig.5(f). Here, the

di f f er ent i pig.5 (@) shomaghd sesult bpertnacting thedrancigpaints et athicly threg onfelsh
it fromthe background, but actually takes zero. The entirety of the

di f f ditent i @ifférent regRy® are #eeentaot tuitle cadhether. As known from Fig.5(d), there

are no branch points. There exist only turning points having discontinuous

inclination and regular points having continual inclination. Therefore, it is

sufficient to extract only the turning points. Fig.5(e) shows the turning points.

As explained l'.xitherto, the binary pictures are simple in the processing of
15 boundaries.

The turning points are extracted, and the boundaries are divided
into subboundaries (partial lines) by the turning points. The subboundaries
are approximated by some pertinent functions. A differential tone image is made
from the difference between the original picture and the average-tone ima.g_e.

20 Here, the processing becomes much simpler. The average-tone image is equal to
the original picture. The differential tone image takes a constant tone va.lﬁe of
zero, which is shown by Fig.5(f). Here, the differential tone image is uniformly
painted in gray so as to distinguish it from the background, but actually takes
zero. The entirety of the differential tone image is zero in tone. The

25 approximation functions denote a simple, monotone, flat plane, having constant
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approxi mation functions denote a sinple, nonotone, flat plane, having

const ant -36 - coefficients.
In the case of binary pictures, there is no error in the approximtion of
tones. Thus the boundaries, i, e, outlines are the only elenents of

defining the binary pictures. For exanple, when the original picture was a
bi nary Chi nese character of "[err]", the bit rate was 0.22 [bit/pel]. Since
the original picture was represented by 1 [bit/pel], the data were
conpressed to 22% by the function approxi mation. These dat a,
for exanpl eceffigientfy poi nts, approxi mation function coefficients of .
subboundaries, differential tone image and so on, are transmtted fromthe
sending side to the Iecthei ggssi 6 binarye| pishiores. | there iSxdUsIRFer| ihethe
el ectric waves and so on. The processing of binary pictures after receiving
the data Ppprémimetion af tomes. of Thume thentionndrrigscHarkyi AWtlinase ape cther €81V
The receiving side retrieves the picture by calculating the differential
t one i mage elentends of detiauine $he binatepixteregeFonagampblet when thenrigiagbpictured
picture is capable of being enlarged and reduced in size at an arbitrary
posi td on. was a binary Chiddsedehdraeterodt A #d', Xhehuilwraby waisg)-22 fpit/peld. Since
explained in detail. [A. |LMAGE MEMORY DEVI CE]
This is a tibeiocigihal pidturelivag rapresangedly piloit/pelli theodafiaxeere compregseed to
storing tones of all pixels. There are several nethods of inputting the
obj ect pi @R¥ry, tHeofurestiompapp raximatiionys (i ncl udi ng characters) witten on a
sheet of paper, photographs having continually changi ng nonochromatic (or
color) tones and soThese Fdatagxiarpexsmitlae tunping moints; ernrroximedian, fusettign an
optical neans. e.g. image scanner, digital caneras and so on, and the
i nput pi ct eobeffitientsasfosshoswtiarys, cdiffereptinkbtonsesindiggi arnad s¢ phosrstiassmitted
anot her neans, the object picture is _

10 from the sending side to the receiving side via telephone lines, exclusive lines,

electric waves and so on. The processing of binary pictures after receiving the
data is the éa.me as that of the continually-changing tone pictures. The
receiving side retrieves the picture by calculating the differential tone image,
the boundaries and the average-tone pictures. The regenerated picture is
15 capable of being enlarged and reduced in size at an arbitrary position.
All devices of A to X shown by Fig.3 will be explained in detail.
[A. IMAGE MEMORY DEVICE]
This is a device for dividing an original picture into pixels and for
storing tones of all pixels. There are several methods of inputting the object
20 picture, for example, drawings (including characters) written on a sheet of
paper, photographs having continually changing monochromatic (or color) tones
and so on. For example, the input picture is read by using an optical means. e.g.
image scanner, digital cameras and so on, and the input picture data are stored

by every pixel as digital information. In another means, the object picture is

25 input into a computer as an image by using a mouse or a digitizer, and the input
36 . .. This Sheet ﬁii‘]mﬁ‘ileﬁird



i nput into a conputer as an inmge by using a nouse or a digitizer, and the
I nput -37 - pi cture data are
stored by pixels as digital information fromthe beginning. Wen the input
picture is a continually-changing nonochromatic tone picture, the input
picture data are stored by the grades of tones of all the pixels.

When the input picture is a color one, the picture is resolved into four
primary color images (or three primary color images). Every primry col or

i mage is a nonochromatic continual|y-changing tone picture. The jnput,
picture iRictniepdpta@rpysteredobyi Hghls 88 Aisitghdnfennagion ferm dhet ‘H%g%‘?b‘i‘% of
the image. Coordinates of pixels are independent variables. Tones are
subor di nat¥hery 4headbpas . piptysiexis| ajcontinwellysedamging: BoRoRhrMAEics ey picture,
coordinates of (X[ err]. Y[err]). x is the horizontal coordinate, y is the
vertical dderidbuhpictureidate hee storiedrby the geademef tenrs0f all ER PI¥ANSF r om t he
uppernost |leftest one, and j is the nunber in the vertical direction from
t he uppernost | ef t esfheméhe Theut micisiraris @xplasenrsl the picturhis respdvesd iflee
i, j-th pixel is denoted by g(Xerr], y[err]). The inmage nenory device_is
a dei ce fipurspmimany colne immges (gr dhre¢ prisheest colas imagem- i vRNYSPEAGLY color
function g(Xerr], Y[err]). [B. REG ON-DI VI SI ON DEVI C

This is a idegeds & sondéhialiatiy contimpally-phenging tene pictpirar Ahe N PiLEEH%ONSs
whi ch consi st of an assenbly of continuous pixels having simnlar tones.
Hence, t heisi npmoripedthyr e tvo-dinénsidnalnfunaténgi daginegd eméhe arile o AetiRaget he
tone difference within a region is smaller than a tolerance W and the

pi xel toneCodatidifistesnoé Ppisteleecard windepesdent eivarigbles. t Tanesglaber sugordighkms
is larger than the tolerance. This region division has the foll ow ng
advant agesvaridble$o fphaide exheesped by jtotweidinensionbk coorsiinates| efafX.efide X
part having a steep t one changi ng becones a boundary between two

regi ags. is the horizontal coordinate, y is the vertical coordinate, i is the number in the

horizontal direction from the uppermost leftest one, and j is the number in the

vertical direction from the uppermost leftest one. The tones are expressed by g.

The tone of the i, j~th pixel is denoted by g(x:, ¥s). The image memory device is

a device for storing the tones g of all pixels as a two-dimensional function g(x;,
15 ¥i).

[B. REGION-DIVISION DEVICE]

This is a device for dividing an input picture into a plurality of
regions which consist of an aséembly of continuous pixels having similar tones.
Hence, the input picture is divided into regions by the conditions that the tone

20 difference within a region is smaller than a tolerance W, and the pixel tone
difference between two f:ixels belonging to neighboring regions is larger than
the tolerance. This region division has the following advantages.

1. To enhance the quality of picture, because a clear edge part having a steep.
tone changing becomes a boundary between two regions.

25 2. To reduce the amount of data because of allocating an average tone and
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2. To reduce the anobunt of data because of allocating an average tone and
-38 - differential tones to every region, which results in the
reduction of bit nunber of approximation functions. 3. To shorten the
time of processing because of the snoothness of the differential tone
| mage which facilitates approxi mation. The regi on-divi sion
devi ce does not extract the outlines of real objects inherently existing
in the picture but extracts a group of the pixels having simlar tones as
a region. Th| d|V|S|on deV|c e f I, I ns,
but nakes fo 631‘ tﬁflﬁﬁrff F@Sf% %k%?c%hg‘gﬁ nlgetgggtfl g% then ée‘%&ebzcti&y,ogg‘r)\ﬁ
divides a plcture into ing ons. Thus the boundaries defined

bet ween t he ﬁ%inaﬁ’f)Sf PFIBW’@%P‘UHE fr&PgLWBF i nherent outlines. Th
processes 3f.or d| vi di ngl%g\:_%%gr%_l nto i I’t&%l %%gaﬂs?eg'o%n%h Lnlno %“gngl?f‘{i}

I n order. Areg on
Xerr], Y[err is allotted to,every. pixel Y[err Label
Ex%err}, Y% eﬁ!“%ﬁrq"‘?"ét‘b‘i“ﬁaﬁg? Whigh fﬁﬁ(ﬂa&'ﬁteﬁapﬁﬁégma Pfé£ 0 1)3 . "0" means

that the pixel is not region-divided. "1" neans th pi X S ady
been5 regi on- di vi dedthearegipa—Aryision d§f’1a°§ed°?ﬁen‘? P%@I &{F‘@ oﬁlpéﬁ

e

allotted to all pixels. (X[ err % # t ols
(1) (STHegts ingereatlyoedsiingdie the pisfure bubIHETiteL sgﬂf?éﬁpoﬁg Hs piels
regi on have individual tones. Three tones, that is, the, | rrum 0

M ni mum t AViRAEInELr 40Rehae & Pr&onr ThigdeEipnT df‘%ls@é’c ﬂeY’§§| QFS AfS aﬁ(efor

denoted b err err] and err respecti vel .
ym%r[-msm] reg1[ons, ]but ma.q(es fc])rclbly I?.ma.gmaryy regions which do not exist

inherently, and divides a picture into ima.gined regions. Thus the boundaries
10 defined between the neighboring regions are not inherent outlines.
The processes for dividing a picture into imagined regions will be
explained in order_*.
(STEP 1) INITIAL SETTLEMENT _
A region label "Label (%, y;)" is aJlotted_ to every pixel (x:, ¥s).
15 Label (x:, y:) is a binary function which takes either 0 or 1. "0" means that the
pixel is not region-divided. "1" means 'tha.t the pixel has already been

region—-divided. At the initial stage, the region label "0" is allotted to all pixels.
Label (x;, y;) = 0 . (1)

(STEP 2) INITIAL OPERATION

20 The pixels belonging to a region have individual tones. Three
tones, that is, the maximum tone, the minimum tone and the average tone are
defined to each region, and are denoted by max, Emin, and gav, respectively.

Since they are the parameters for each region, the region parameter (r) for
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Since they are the paraneters for each region, the region paraneter (r) for

39 denoting the nunbers of each region should be suffixed |ike g[err].

But the region paraneter (r) is omtted here for sinplicity. The average

tone g[err] is not an arithnetic average of all the pixels in the region

but an average of the maxinumand the mnimum that is,

glerr] = (g[err] + g[err]) / 2 (2) The i nput i mge

is scanned in the raster order, that is, fromthe |eftest and uppernost

pi xel in the_ri.gh Lr | on ery. line faor s i.n t nl gbel ed pi
fphbiiy e FEhbaL B Batn Feifod BhoREF b5 Sithlog M58 Bren®, PhiF e

{Label (x[err i 3 : pI X€l™1 V) e
deter m ned FeFiBh Barmbefes ) e qbibiad hte tin StaplanE"Frdsbepadhndgc o ot
The bl xel (bt Lrnend Hickhad it fhid, niv b pud V] s svseesr o fhe

allotted wth _Label (Xi lerr]),=.1, and both the maxi rumtone and the

i ni rmmtong'am"b“fmfﬂét&d’?%”mf'}\a?haé‘c}ﬁt ains only the pixel of i =0, j =0
are equal to the tone g(x,, y[err]) of the first pixel (x[err], y[err])
(r =0, ] =0 Label (x[err], y[err]) =1, g[err] = g[err]

= g(xi, y[err]). (3) _ This is the first operation before
the raster scanning of*a=i€steur & Emin)SPEP 3) THE DEPERM NATI ON OF PI XELS
BELONG NG TO THE REG ONS AND _

- The input image is scanned in the raster order,. thaﬁ is, ffom the
leftest and uppermost pixel in the right direction e.very line for seeking out
‘unlabeled pixels {Label (%, y;) = 0}. When a O-label pixel is found out, it is
labeled {Label (x:, ¥,) = 1}. Firstly, £max and gmin are equally determined to be

10 the tone g(x;, y;) of the first pixel. Thus,

Emax < E(Xi, ¥;) and gmin <« g(Xi, ¥i)

The pixel (x;, y;) existing on the leftest, uppermost position is
allotted with Label (x:, y;) = 1, and both the maximum tone and the minimum tone
of the region that contains only the pixelof i= 0, j =0 are equal to the tone g(x,

15 -5 ¥;) of the first pixel (x,, y;) (i=0, j = 0)

Label (xh YJ) = 1, Bmax = Emin = g(xh y.i) . (3)

This is the first operation before the raster scanning of a picture.
(STEP 3) THE DETERMINATION OF PIXELS BELONGING TO THE REGIONS AND

ENLARGEMENT OF THE REGIONS
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ENLARGEMENT OF THE REG ONS - -40-
A region consists of only single tone pixels at first. Wien the scanning
starts, g[err] and g[err] are changing. But if the differences of tones
are small, neighboring pixels are classified to the sane region. Thus the
region ‘is gradually expanding. If the change of tone is beyond a constant
range, the pixel cannot belong to the region. The enl argenent operation of
the region is stopped. Thus, the outline of the region is determ ned. A

new region starts fr om tohngI Cﬁ{’ﬁlgl}‘st Ongn{f%&g&ee%&r q)ge%ﬁya,y@irfsyr NPhéd&he

proceedi ng pixels hdy e out standi ng pi xel
I S now denot ed err] y[ e The .nunher e {ﬁ{e@ngs
tois denostcéﬂnﬂ'&élrs‘('a‘#ﬁe Errax| t"‘éhearﬁ[%rrarr]glpﬁeoéut %t??rﬁuér)n #fg?erm[%ré

the average tone rr] of the outst regi.on wn e
i nput pi ct&l:f‘reesq‘%ud{ Bgﬂlrlpﬁt@xﬁlspﬂfr%ﬁ °g£he S%Prg rﬁg&gidoTﬂlﬁ%ﬁl )regiBlﬁ

t of ht hb " h t
concent of " st e, Ahaie. 61 Serek o5 LAl et st
SENSIGERIE R IR rrbrr'ﬁ“eswes e 3 B s
samne regr ntinuarty Is

K0 e 585 Bl B RRARS Ko 0,
I Sl i ol e S e bl i

The tones g(x[err]+ [err], y[err]+ [err]) of the pixels
that are upimilsg|teReHut belong to the ei ght nei ghbors of the outstandi ng

pi xel (x[err], y[err of the r-th region are co re
tone g[err] of the r’ké‘rcﬂ‘r‘ smngr%xﬁg%mf’ed%mﬁgpg%f&t h%‘)driwerence
bet Weleon thgegtlggetlge( Xplutel %re{ ngs to gs-'-dgrelgt!.’e]d) by nd t@geaver%e ttBHS g,L?,';,rl:he

minimum tone gm:» and the average tone g.. of the outstanding region are

known (€max = Eav = Emin). The input picture is divided into a plurality of
regions by a.dopting the concept of "eight-neighbors" which derlotes eight
adjacent pixels up and down, right and left, and oblique around the outstanding
15 center pixel. Eight-neighboring pixels having neighboring tones are classified
to the same region as the region of the center pixel. The continuity is
guaranteed for the region by tracing the eight-neighbors which are up and
down, right and left, and oblique around the outstanding pixel. Henr:e, the
eight-neighbors of (x;, y;) are written by (., + A, ¥y;+ A ;) where A ;and A ;
20 are 0, -l or +1 except A=A ;=0.

The tones g(x:+ A :, ys+ A ;) of the pixels that are unlabeled but
belong to the eight-neighbors of the outstanding pixel (x:, ys) of the r—th region
are compared with the average tone g.. of the region. When the absolute value
of the difference between the tone g(xt:+ A :, y:+ A ;) and the average tone ga~

25 is smaller than an allowable width (tolerance ) W,
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is smaller than an allowable wdth (tolerance ) W

-41 - [err] Nanely, if the difference is snmaller than W
t he neighboring pixel is affiliated to the same r-th region. If the
difference is larger than W the neighboring pixel is judged as a nenber
of a different region. Sone of the eight neighbors are classified into the
r-th region. The others are sorted to other regions. The assortnment by
Inequality (4) is very inportant for this invention. Each tone
g(x[err]+ Aferr], y[err]+ [err]) of the eight-neighbors belonging to the
r-th region is further conpared with the maxi numtone g[err] and the
mnimmtone g[err] of the r-th region. If all the tqnes of eight-neighbors
exist within the randegdv od&he daxidima ohd G ¥rr{4t o mi ni numtone glerr]
glerr] and g[err] are nmaintained as they are. If one nei ghbor tone
g(x[err]+ [err], y[err]+ [err] ) exceeds one of the lints, the exceeded

limt is replaced by the exceeding tone g(x[err]+ A [err err 1.
[err]) of the eight-n¥agabonf theisitferenge is smeéwr]ﬂ han W, tLe neléhb‘z‘]r’? %Hﬁ’éel

tone of an eight-neighbor (x[err]+ A [err] + Aferr]) SatISer‘?

| nequal i ty e8fjliated( ¢ ethe] same[ erth] reng r ]If F’]!}fFé‘FfF‘ﬁ ig éﬁT%ﬁ:"e% B ¥y fthe
that is, g[err] <- g ( x[err] + [err], Y[err] t[err [err]).

On t he cont naighbdring pixdldsjhidged asa.member of a different region. Some of the eight

5 neighbors are classified into the r-th region. The others are sorted to other
regions. The assortment by Inequality (4) is very important for this invention.

| Each tone g(x+ A i, ys+ A ;) of the eight-neighbors belonging to

the r-th region is further compared with the maximum tone gmex and the

minimum tone gm:n of the r—th region. If all the tones of eight-neighbors exist

10 within the range from the maximum tone gmax to minimum tone Emin, Emax and

gmin are maintained as they are. If one neighbor tone g(x+ A (, ys+ A ;) exceeds

one of the limits, the exceeded limit is replaced by the exceeding tone g(x:+ A,

yi+ A ;) of the eight-neighbors. Hence, if
g(x+A,ys;+48,5) < Zmin (5)

15 (if the tone of an eight-neighbor (x+ A i, -YJ'*' A ;) satisfies
Inequality (5)), g(x+ A i, ys+ A ;) replaces g€m:n, thatis, 8min <« g( X+ A 4, ¥s

+4 ;).

On the contrary, if

E(X+Ays+A;) > Emex, (6)
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42 (if the tone of an eight-neighbor (x[err]+ Aferr],
Y[err]+ Aferr]) satisfies Inequality (6)), g(x[err]+ Aferr], y[err]+ A
[err]) replaces g[err] that is, g[err] <- g (x[err] + Aferr], Y[lerr] +
Alerr] ). The replacenent by Inequalities (5) and (6) expands the range
fromthe maximumtone g[err] to the mninumtone g[err]. However,
unlimted expansion is not permtted. According to Inequality (4), the

di fference between g[err] and g[err] of a region is snaller than or equal
to 2W Any pi xel once _judged as a pixel .int r-th region remins_jn.the
sane region, sati sfyﬁﬁgﬂi?\e’iﬂlﬂﬁl iofy ap4 pigtHane; v &t bet"ﬁxﬁﬁ&[ﬁ?’tﬁ?ﬁ%snd
glerr]. (STEP 4) GENERATI ON OF THE NEXT REG ON , TRe :
out st andi nFRuelty| € & &d Briomt 8 ef FIPIaGeLErpys thetdSnrgnbor Bige di ket Ve
(x[err] + AJerr], ylerr] + Alerr] ) int sane, (-th region,_i.e
(x[err], ytete]) The EeR{aé?mfnﬁLx I["@ﬂPPJ,mfFQEP png (g) [eéPP’j‘g?.Ehe RRES from the
operation of (STEP 3) is carried out for a new outstandin mp{e)ﬁjgl . \Wen . .
there are REKIHER JARSE-ng B %BE NiBHIYBAONAE:ine R GHSF: (“5’?‘, 190 STRAYTHL MR
are affiliated to the r-th region. The repetitions of (STEP 3& for the
nei gHbor s nehtResmiitad. (Agcording Gp Lneawalitn4). the)idifferemre PeFReqNL &ngy)and
consisting of the pixels having simlar tones. The r-th regjon includes
only the pBxehSI\ehoREIOR A Smadier fihaamrcadualdo| s AR RixehanogRMdEedss PEef o
ot her nei ghboring pixel satisfying Inequality (4), the next (r + 12<-t h
regi on shalit thewrythhaegiogerempias 1 the sameoResion, mefistying IeAYRiity (A and,
the (r+1l)-th region. (STEP 3) is repeated for the (r+l)-th region fromthe .
out st andi n§ptgirxening between gmax andi@ss»- r egi ons are produced step by step in
the raster order on the input irrab?q i xel allocated in a region is

| abel | ed wi(BREP #) SENERAGHION OK, THE exT:éESEJI%en all the pixels are |abelled
with Label = 1, the region-division ends. The total nunber of regions,i
denot?@ by "R', and The ewgtandingrpizekisomored feom HFwy #yto pneighbering pixel
, RR1. As aresult, every pixel is allotted to any one of the regions.
(% + A, ys +A ) in the same r~th region, ie. (%, y) <« (X + A, ¥+, ).
And the opera.tidn of (STEP 3) is carried out for a new outstanding pixel. When
there are new neighboring pixels satisfying Inequality (4), the neighbors are
affiliated to the r—th region. The repetitions of (STEP 3) for the neighbors
15 satisfyiné (4) make up a continual region (the r-th region) consisting of the
pixels having similar tones. The r—th region includes only the pixels whose tone
differences are less than 2W. When there is no other neighboring pixel
satisfying Inequality (4), the next (r + 1)-th region shall newly be made. The
pixel becomes a new outstanding pixel in the (r+1)-th region. (STEP 3) is
20  repeated for the (r+1)-th region from the outstanding pixel.
Thus, regions are produced step by step in the raster order on the
input image. A pixel allocated in a region is labelled with Label (x:, y;) = 1. When
all the pixels are labelled with Label = 1, the region—division ends. The total

number of regions is denoted by "R", and the region numbers of r are shown by

25 0, 1,2, -+, R-1. As a result, every pixel is allotted to any one of the regions.
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- 43- The region-division of an original picture is carried out
according to the repetitions of above STEPs from1l to 4. The paraneter W
is a half of the comon width of the allowable tones in a region. As the
wi dth parameter Wis Jlarger, there is a tendency to increase the regional
data and the tinme for processing the regional data. As the width paraneter
Wis smaller, the nunber of regions and the tine for extracting regions
are increased, and the picture approximtion data and the tinme for

approximating the data are reduced. The sel.ection of .W €5+l gggpg of
the regi on-divisi On_The.regmn—d1v1s1o[nCc %@r&nﬁéﬁﬁgﬁ‘rmlc{é@?@g out o |
The region nmenory device stores the ayerage-tong imge which . pai

the regi onte #he Feppidiipns Bl abp¥eRERS HEOM g?etﬁi %nipen%%?&ege%t@elsp%ﬂ%?fggﬁ? 0
each region for distinguishing fromeach other, Th er agest '

ment i oned Q@FEP@,WJSE’érq%]t%WQ@%PHSF fingF TEEPNy uﬁ?g%egrgﬁ’rh] ngﬁa&{ %Frérvﬁs
Each region has a small image having only one tone. Thig is | ed.

"aver age- t langer; ¥hgee iswhi temdencE nERvineteaRe gty H’fgéﬂwl-l'—‘#%%%§a4 ea'?l M ST e
characteristics inherent to the original picture. IféJhe i dt h &%rﬁgﬁgg; w
i s snal | er pre¢ssing thagesionsd datagds e Fiftoaraanftend’ &t FFHET Hi%ctire
closer, and if Wis larger, the average-tone inmage s far'Eiher. devi a}itﬂge
from t he opf glegignsppad fhe timgefqr extyactipgi ’(’ﬁ@‘ﬂ%‘hﬁ%? inetrassdy 584 Wit Pifore
boundaries of the regions but the average-tone i magﬁ g{i)r%si sting. of 4 egjons
each of whieeRrexmghpht datanpnd thedtimg for ARPrOZIRAting, &N8,q44 &% R 61
boundaries wi'll be carried out by the next _ operatjon. [ D.

BOUNDARY- EXgRatPR@{ YOEbpuges the mode of the regionsdii§iany - ext racti on devi ce
seeks boundaries that are curved |ines c(;ke]ner ated between nei ghboring

regi ons. Al though théCuwRBEEONMMEMGRY; BV

10 The region memory device stores the average-tone image which
paints all the regions with their own average-tone. Regional numbers are
allotted to each rcgion for distinguishing from each other. The average-tone is,
as mentioned before, g.~ which is a half of the sum of gmax 8nd gmin. Each
region has a small image having only one tone. This is called "average—tone

15 image", which is shown by Fig.4(b) and Fig.5(b) that revive characteristics
inherent to the original picture. If the width parameter W is smaller, the
average—tone image is approaching the original picture closer, and if W is
larger, the average-tone image is farther deviating from the original picture.
Here, the region memory device does not store boundaries of the regions but the

20 average-tone image consisting of regions each of wﬁich is painted with its
average-tone. The extraction of boundaries will be carried out by t.he next
operation.

[D. BOUNDARY-EXTRACTION DEVICE]
The boundary—extraction device seeks boundaries that are curved

25 lines generated between neighboring regions. Although the whole of the input
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-44- picture has been divided into regions by the region-division device
(B), these regions are not clearly defined by the boundaries. In this
step, the boundaries nust be clearly extracted as the |ines between the
nei ghboring regi ons, because the boundaries will be expressed hy functions
at a later step. A conveni ent coordi nate systemis set up for
expressing the boundaries. The coordinate has an origin (x, y) = (0, 0) at
t he uppernost, rightest point (not the pixel). X-coordinate (abscissa)

hori zont al Ipyct%w?aﬂ%sbeéﬁ URALA Beb%dkibfs ByCrid 9Q§mﬁaﬂﬂli¥fo%0@éiﬁi:84§3?, these

(ordi nate) “verti y extends from the origin to the bottom In this case,

every posi %Lg%bptsgé&lgp% &tegw d&ﬂ{?&? iﬂ}g'flfe Pﬁgkﬁéﬁeéﬁ TA%hi @65 %8B HRlundapiese!

but a corner- n*gener a conventi onal rmethods used to

take the ceniens Qfebﬁﬁ(ﬁ’??{a%r 4L EO8h %ggg@éﬂﬁ{ﬁe nBUHYoR i & rLEBhE, because

. d ;
coordi nate system prior nmne wever, this ~1nvention takes

|t eger CORLUARNALRALINGH Bl k{16808 NS AuBidioW) ook lEGy. every Plxel s

encl osed b our ‘T nteger coor e cen a pixel is

expregsed by a sel of, NallehiRI%08raihife CRAIRNH et Y br IEfARMIAY tnB®

integ€rs x and y are detl as t corner ‘pixel's. ""Pornts™ nean —cor ner

ints. This is th L] t ant. t hi , ) - !
DOLILS, Tty dgbS. THRh, SRR Al P gRn Do) & SOPT S st o
DL ity AR 6RO S SRt NUBORELT SRkt i

The regionagl baqundaries are in.discrete exnressed .as ' I.es
(a series %F o%g%?lﬁeOrm%’gi ffﬂ s})e. rﬁé’ge?‘néﬁlec%%ru rﬁ%?eyﬁjﬁgﬁlaftgggr@?%é%% igg%e%tgﬁsﬁt{) he
boundari es regi ons,, and are et of caoordinat

each ot her tl fﬁ F5 té)l fr’%ec ?%"ﬁgl,' f}hg 15, %afser F&ﬁf’lf &8 ﬁﬁ%f#%%gcﬁggéﬁk%# &J;'
g: leeyltohe pioon 9 nofY g:iegéetreo Oa! %Exselatg& gecf:ciorrx]leg gts a.]c 8&%1.‘3%”&&&, 811 the
conventional methods used to take the centers of pixels for integer coordinate
points in their coordinate system. Unlike the prior methods, however, this
invention takes integer coordinate points at the corners of pixels. Hence, every
pixel is enclosed by four integer coordinate points. The center of a pixel is
15 exﬁressed by a set of half-integers. The coordinates (X, y) defined by the
integers x and y are defined as the. corners of pixels. "Points" mean corner
points. This is the most important thing not only to express the boundaries
_ exactly but also to practice the operation of enlarging or reducing a picture in
size with accuracy. Therefore, the boundaries are the lines passing the
20 peripheries of pixels, and never cross the pixels.
The regional boundaries are in discrete expressed as boundary
point series (a series of corner points). Here, the boundary point series exist on
the boundaries of regions, and are a set of coordinate points connecting with

each other in four directions, that is, right and left and up and down. Since the

25 integer coordinate points are defined as four corners of a pixel,

——
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45 - four-nei ghboring |inkage node is natural. There exists no

ei ght - nei ghboring I|inkage node for boundaries unlike pixels.

Synbol "R' denotes the total nunber of regions. The whol e of the

coordi nate point series of boundaries is generally expressed by {[err],
[err] where N(r) shows the total nunber of boundary series points around
the regional nunber of r, and k is the point nunber allotted to a boundary
poi nt on the boundary series. A boundary point is denoted by the region

nunber r gnd the point er k i i o f f t o i
expr essi o °Pﬁ'%§£ﬁ°’flﬂ§n#£ﬁ?%er moo\fl‘ﬂeg%ﬁa%f%éll 'Iﬁg e%%tg ée%rh%;\ﬁ £ ﬁgﬁ%%‘aﬁmg
coordi nates of x[err nd err]. -The poi.nt series around the r-th region
are possi Hinkags 'L‘?J%e %qrgl&%ﬂ'}/c*arrb Rn]%{gf)p?’belﬁ‘ = N(r) in order. Such an

operation is carried, out .in.alLl _the regions r.fra . - hole of th
The boundary poi nt ﬁr"ﬂ&l e I8BRHgR ISy “f‘g'l‘ﬂeé‘va@n% S eép?s%lhﬁ YT actice.

of the O- (SOFGURGH) PoRSTESTiSe SérheutdaTiey B el Ebr iR By R
feqi B mombrybedet Ber e THRETS B GG BFe O BOPREF o EOLRHR aopee
110t {od tapIniheneet Bre TOElBEk BREPETIE Bt P one A AL A om
Corner . poi PRUAGIYpPRERLON thaTRPIEryAeTIREs OF PP ACUNOR ShO R GEy e
Found out -PEPR GREMTF By (HE DAL GTIBBSh g Mk 15 SETert(EShoty Hider,
expression in which the center of each pixel is denoted by the integer
10 coordinates of x; and y;. The point seriés around the r—fh region are possible to
be traced from k = 0 to k = N(r) in order. Such an operation is carried out in all
the regions r from 0 to R—-1.
The boundary point series are sought by the following steps in
practice.
15 (STEP 1) INITIAL ADJUSTMENT
r <« 0 ( starting the processing of the O-th region)
(STEP 2) EXTRACTION OF PIXELS OF THE r-TH REGION
The pixels of the r—th region are extracted from the data stored in
the region-memory device (C). This is a group of pixels that are spatially
20 continuous, but each point is expressed by the coordinates which are allotted to
the centers of pixels. The boundaries hereafter extracted from the data of the
regions are shown by the cobrdina.tes defining at the corner points of pixels.
(STEP 3) TRACING OF THE BUUNUARY POINT SERIES

An arbitrary point on the boundary point series of the 0-th region

25 is found out, for example, by the raster scanning of pixels. The point is an
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- 46- initial point (x[err], Y[err]). The point series are traced
clockwise frominitial point (x[err], y[err]) on the boundary around the
O-th region. The coordinate data on the boundary point series are
extracted as an assenbly of {x[err], y[err]}[err]. For exanple, the chain
code nethod can be applied to the tracing of the boundary point series.
(STEP 4) JUDGEMENT OF THE FI NI SHI NG CONDI TI ON Boundari es are
cl osed | oops. Although a boundary nmay have branch points, any boundary is

a closed | oop running aroynd_sone.region. en_a, boun L S mt indG8fpdineund
a defi ni t &itiggpoint {]’%e’ 4 Pg eFE&R"éT‘ElgFﬁlteﬁraﬁ\évkrﬁ%e‘% ﬁgocé{tqg%%ifr%m({nm £ gﬁn@
point on the boundary, that is, {x[err], err = err] .. I

this case(Xi¥%e"NED) %lherhéuﬁb‘&?‘?ﬂ a§‘§+4%§118r9x h‘lé‘ e%%ﬂihdtf‘é c"l‘)glh%lrr{"t}é%éraéif1 %/Q on th
extracted by tracing the close |oop clockw se ar_g nd the,r-th regioon.F°¥\hen
the trace bausdasy RaiBt seripsy aff S¥trected Aot §5SPU r%ﬁf &d’ By k‘f'°+ 1), that
is, r << r + 1. The points around the (r+l)-th re iop IS tr dti,n tﬂt%
same nmannexeppleydibgchainicads Bykpd gan i applind rt°:‘g'13, TECIRE; °?&§§ec? YAt he
boundary point series for all regions have been extracted. Then the

extr &ct i orPodt gRRietari es shoul d be ended. [ E. BRANCH PO NT

EXTRACTI ON DEVI ' The boundaries are all closed | oops which
are not sdBFERIDIURGHMENEOF THREINIFHINGFENPITIO Nt act with each other. The

boundary often has the points at which nore than t baundari es et he
poi nt at which a pl JBoamdeyieso@rgoGipsr 4o st ‘?‘égvi%a‘?' IQ%‘H‘“};\‘{MHr atich Havt

point". The boundary clearly differs froman outline of a binary i migqe
because t teraggh| peiataasniobBRARRNY iFhe clpsed dppR) Jiummdng &ropnd 159%8 T8 0he
characteristic points on.the boundaries. The branch point is defi negl as a
poi nt haviWemissbewndarybisuterpedearonndhaAefinithFegiopn the tHReE FESHIE IS
contact on a boundary. The branch point extraction . . .
10  to the starting (initial) point on the boundary, that is, {Xx”, ¥« } = {7, yo©}
In this case, k is N(r). The point series on the boundary is entirely extracted by
tracing the close loop clockwise around the r-th region. When the trace around
the r—th region has ended, r is replaced by (r + 1), that is, r< r+ 1. The points
around the (r+1)-th region is traced in the same manner by going back to STEP
15 2. But when r = R, it is judged that the boundary point series for all regions
have been extracted. Then the extraction of boundaries should be ended.
[E. BRANCH POINT EXTRACTION DEVICE]
The boundaries are all closed loolis which are not separated from
each other, but are in contact with each other. The boundary often has the
20 points at which more than two boundaries meet. The point at which a plurality
of boundaries bisect is called a "branch point". The boundary clearly differs
from an outline of a binary image, because the outline has no branch. The
branch points are one type of the characteristic points on the boundaries. The

branch point is defined as a point having bisecting boundaries or having more

25 than three regions in contact on a boundary. The branch point extraction
_

. This Sheet Has Bee;

i



REPLACEMENT SHEET devi ce seeks the branch points on the boundari es.
The reason why the extraction of branch points is inportant will be

expl ai ned. | f the branch point extraction were not done, it
woul d be inpossible to know which boundaries should be approxi mated in the
| ater function approximtion of boundaries after the boundary has been
divided at a certain point. It is inpossible to calculate w thout defining
the range of function approximation clearly. Therefore, the branch points
shoul d be extracted. The "approximation is carried out in a section '
t er mi nat eddemice @eeks tirchregsimpaints on the boundarigge branch points are sought
by scanning a (2 x 2) window (two pixels by two pixels) on the .
average-tone i mage <the censon vhy thegxsnachor el brapch peints i perertept wigReer
fromthe |left uppernost position to the right bottom position. Since a
branch poiexplaigetthe point where nore than two regions are nei ghboring,
four pixels in the 2 x 2 window belong to three or four different regions
when the center of tlfeheZbrenzh peintiextrectinuiwrrs nittdonerdt woukt he j@ppgsible
Such a point is judged to be a branch point. If a non-branch point is .
posi t5 onedto dtndvwhewbizht drouwfdariee Zhould wbedepprixuatas xal §thB3ktHé fnrding
belong to two different regions. Such a 2 x 2 wi ndow having four pixels -
det er ni nesappweiximratior o tremdaaiespaftar the hdunderydbes ibsen divided ap@ prrtgin -
not. Wen the four pixels in the wi ndow belong to three or four different
regi ons, tpeinbr altcls foipossibd ttoacalcuintde witimubx detining £hgorangs (oft function
positioned at the center ( corresponding to the point positioned at the -
corners of appixisation elecaly.) Tertforenithe drsashapoibtasbhulbbetextracted. The
[ F. BOUNDARY- MEMORY DEVI CE] Al'l the attributes of the
boundar i esappoxéhatied is patrited out in a section terminated by two branch points.

10 The branch points are sought by éca.nning a (2 x 2) window (two
pixels by two pixels) on the average-tone image stored in the region-—memory
device in the raster order from the lefﬁ uppermost position to the right bottom
position. Since a _bra.nch point is the point where more than two regions are
neighboring, four pixels in the 2 X 2 window belong to three or four different

15 regions Qhen the center of the (2 X 2) window coincides with the .bra.nch point.
Such a point is judged to be a branch point. If a non-branch point is positioned
at the center of the 2 x 2 window, four pixels in the window belong to two
different regions. Such a 2 x 2 window having four pixels determines whether
the central point of the window is a branch point or not. When the four pixels

20 in the window belong to three or four different regions, the bra_.nch point
extraction device extracts a point just positioned at the center ( corresponding
to the point positioned at the corners of enclosing pixels) of the window as a
branch point. |

[F. BOUNDARY-MEMORY DEVICE]

25 All the attributes of the boundaries are stored in the
T T



-48 - boundary-nmenory devi ce by using branch point data according to the
followng steps. (STEP 1) Flags denoting branch points are allotted to
the branch points on the boundary point series. (STEP 2) The parti al
boundary point series between two nei ghboring branch points is called a
"boundary interval". The boundary interval is given a boundary interval
nunber. When two nei ghboring regi ons conmonly possess an interval, the
boundary interval is nunbered with the sanme nunber in both regions.

The boundary point series are suffixed_an i Z&d ; d dhe following
"P' is t h®oupHaryTeRRE SevisEnLsiPg gf%?é&é@%a%%ea&?ﬁ%ﬁﬁ nage.

I ndi vi dual boundary intervals are denoted by a paraneter "p" (p = 0, 1, 2,
3, ...., Bteps. Mp) is the total nunber of serial points-included in the

p-th boundary interval. Serial points inclu it - | 3he
nunbered (RTER 1kFlage denpting byangh points ang C{f?g tggg‘le&)eéa?c&%oﬁﬁ@%g
x-coordinate of the k-th point in the p-th boundary interval, and y[err]
i s y- coor diowmdaryfPoinies§rie$ point in the p-th boundary interval. The

aggregate of point series around the r-region,k i,s different

aggr 8gat e (STEFoRhiTheepputdalohoundary. tH‘P“HoﬁgHﬁFyb‘?t‘?ﬁeSPvE’fo inr?lg%%%%%%cgn

for defining the aggregates. Therefore, the coordi na(ietras Qfﬁoi t, Eﬁzreine%. on

t he boundapaintstier ealled & &'boxpdesyeintpyvalap The PRURILY MYFTYey 'S

[ G TURNI NG PO NT EXTRACTI ON DEVI CE] ) . The turni nghpoisns} sissan

def i ned asbeurptsirntinderal Foimern: yWheniocneighBoringrR&nes 6P PRESHBYTTAr y

changes drastically. In other words, the difference of r adi en{E or, tkr)] h

di f f er ent i imtemfalgthdi eeundarys iatesvel dmamgeberad ikh tﬁ?ﬁn?%f&e FUReST Pt °Ydes

not nmean that the gradient of a boundary is sharp. Such a turning point
regions.

10 The boundary point series are suffixed and memorized as {Xx?,

Yy®leo™P~? o7, "P" is the total number of boundary intervals on the

input image. Individual boundary intervals are denoted by a parameter 'p (p=
0,1, 2, 3, ..., P-1). M(p) is the total number of serial points included in the p—-th
boundary interval. Serial points included in the p-th interval are numbered
15  with "k" (k = 0, 1, 2, 3, ..., M(p)-1). Besides, X" is x-coordinate of the k-th
point in the p—th boundary interval, and yx" is y—coordinate of the k~th point in
the p-th boundary interval. The aggregate of point series around the r-region
is different from the aggregate of point series on the p-th boundary interval in
the condition for defining the aggregates. Therefore, the coordinates of point
20 series on the boundary intervals are expressed .by capital letters X apd Y.
[G. TURNING POINT EXTRACTION DEVICE]
The turning point is defined as a point on a boundary at which the
gradient of the boundary cha.l;xges drastically. In other words, the difference of

gradient or the differential of gradient is sharply changed at the turning point.

25 It does not mean that the gradient of a boundary is sharp. Such a turning point
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- 49- I's one of the nost inportant points for characterizing a boundary
as well as the branch point. When a boundary is expressed by a function,
such a turning point plays an inportant role. The necessity of extracting
turning points will be explained briefly. In general, the
function approxi mation of a drastically-changing curve (tones in this
case) requires high-order polynomals. It is, however, difficult to
approxi mate a random varyi ng curve by using high-order polynom als because
of a lot of par ters and tinme for calculation .Even {f the I N.POr 4,1 0n
of ¢ he curbetit BAe maRF SRPRIPEY TR T GRRras Ry Ron e dey BB WP BN
polynom als often jnvite strong parasitic vibr tLons avvaﬁgf romjhe actual
vari ati on 25aRsht PPIRE- a¥jh§8t A RPYASTY SIS ieP@rﬁ?ﬁae ¥ &fuRGHRRp FuCck & fugning
trouble is caused by _only one point at whi.ch the gradient (s , iy

di Scont | nUBHISE Blews ShiGROBRETol0! JRERPSFHIEY PhECHRELOMTBINe BPIRSS ilPe
parasitic vihratiaons. The parasitic, undesirable vibration is a conmon

di fficul t y**RIpREAiIREeHBr any approximating functions in the case of

apprqoxi mating drastically-varying _parts of a curve . . The,

appr oki mation by | oioESEETHe| tisohRgton epprrEipaion of fa drastically-changing
vehenment | y-changing parts are prelinmnarjly excluded fromthe curve and

ot her sno@fwecﬁ%mﬁngl (FRit Sasplk reaubesc RIS -ORABF RAVRRRELF-0 A i§y frowever,
sufficient to approximate snooth-changing parts. Further, these | ow order
functi ons @¥&cultyionAPETOEiRatRe &/ TANMGTHN ARG, FWHTVE, Bhe UEHIE RigHTErAeS
should be prelimnary excluded fromthe boundaries. The extraction of

turni ng poPelraomisls Hegapge gbsclot 6f rRaramgtrusenhéine fon pycplitians Eyemnit the
boundaries. |t is possible to reduce the anount of data and to maintajn
the qual i t paisf Ppridenof theceuriecan henarpratingtesh byrhighrardRy BevRCRIlEohig he

boundaries and the . L
10 polynomials often invite strong parasitic vibrations away from the actual

_ variation except the adjusting points like -Runge’s phenomenon. Such a trouble
is caused by only one point at which the gradient is discontinuous. Any
high-order polynomial is incompetent to depress the parasitic vibrations. The
parasitic, undesirable vibration is a common difficulty appearing for any

15 approximating functions in the case of approximating drastically-varying parts
of a curve.

The approximation by low-order polynomials is allowable, if
vehemently—-changing parts are preliminarily excluded from the curve and other
smooth-changing parts are reserved. Low-order functions are sufficient to

20 approximate smooth~changing parts. Further, these low-order functions are
immune from the vibrations. Therefore, the turning points should be
pre]iininary excluded from _the boundaries. The extraction of turning points
should be done for excluding the turning points from the boundaries. It is
possible to lreduce the amount of data and to maintain the quality of picture

25 because of the exclusion of turning points from the boundaries and the

——
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- 50- approxi mati on of smoothly, continually-changing parts by | ow order
functi ons. In the concrete, the turning points are sought
according to the follow ng steps on each boundary interval that has been
di vided by branch points . (STEP 1) CALCULATI ON OF A LOCAL DI RECTI ON
VECTOR A local direction vector is a vector defined at every
point of the boundary for representing the direction of a boundary . Here,
the local direction vector is a vector drawn froma point preceding the

current point b "a' oyni‘t ngt hs..t o the .ot her i ceeed ions.
current po?ﬂ@r%%hagpnBﬁ??°°h§ﬁg?ﬂ§?“ ¥ESQﬁ$§uH%E¥rp%R ?ﬁﬁrgggﬁﬁ%ﬁgfﬁngf
the side of a pixel._The local  direction, vector at_the k- | h
boundary interval, tHatthesconoreks, the E;an,n]g) pojnts A%q rslgléégés E}cgﬁl%l\},{g% bad
Direction (p, k): = vector (Xerr] - X.rr Yl.ecr] -.Y[Lerk. -

Here, an i IBEt StERSt 8P ?%cthgpugdﬁ’é%g‘f‘ﬁe%‘{ftl aﬁr%adsl &% S ‘F‘%vl?%de(bp l?gﬁ‘?\cél%ry
I s deened as a continuous function, the local direction vector is able to

be definedPBipts -spatial differential or a tangential |ine of the continual

f tion. Th d of "I | " t he_di ti bound t hat i
Changbng (SRR 1o GALCULAON A 1orAl BEEECHEN BB6EbRY Con the boandary.

Since the paraneter "a" is so small, the word of "]ocal' is suitable, Lf
"a" is large, the delocal diercsings vasten bt gl vectns dsfingtetb PVeLy poiit’ of the
approximately ranges from1 to 5. If "a" is smaller, the de ernigggiﬁ%%aof

the vect or doyadarpstane ARBFeTRting i the direstipne ofha BEUREAFY halST%e
f our - nearest nei ghbor node of connection, when "a" = 1, .the angl:es.q_]‘b
directi on véracsion vesterdala vestgridnpmn fromp ryint preceding thgcurrent poin

"a" unit lengths to the other point succeeding the current point by "a" unit

t he
Y

10 lengths, where the unit length is a length of the side of a pixel. The local
direction vector at the k-th point on p-th boundary interval, that is, (X®, Yx7)

is defined as follows:

Direction (p, k) : = vector (Xx+a® = Xx-a®, Yx+a® = Yx-a®) . (7)

Here, an important matter is not a length but a gradient. If the

15 boundary is deemed as a continuous function, the local direction véctor is able
to be defined by a spatial differential or a tangential line of the continual
function. The word of "local" means fhe direction of boundary that is changing

in a small range near the outstanding point on the boundary. Since the
parameter "a" is so small,. the word of "local" is suitable. If "a" is large, the

20 vector becomes non-local. The parameter "a" approximately ranges from 1 to 5.
If "a" is smaller, the determination of the vectors becomes weaker for noise.

Since the boundary has the four—nearest neighbor mode of connection, when "a

= 1, the angles of the direction vectors take only eight valuesof 0° ,45°,80°,
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- 51 - 135 [err] 180 225 [err] 270 [err] and 315 . A lot of apparent
turning points appear. On the contrary, if the paraneter "a" is |large, the
direction vectors are insensitive to the change of the gradient of
boundaries. In the followng experinent, the paraneter "a" is 2, that is,
a =2, but it is desirable to determne the paraneter "a" according to the
objects. (STEP 2) QUANTI ZI NG OF LOCAL DI RECTI ON VECTORS _ STEP
2 quantizes the local direction vectors obtained in STEP 1. Here, the

| ocal directig@mn VgHoersSyaf€ qugnt Lzedknt 0 £ L1 500k dusnfld beifat .
45 degr ees. g}anf iqzati’on ai Frg gt é%gbilFi Z rf’giotghmg ?%I(E:al Bi regg{léo%al veacgtacéfg
to noise. |Z 3oL OR AS e QKb N O, ut Et thd" afrRzdidn v8&ord! 9%
"a" capses%géeﬁns?c:cbgl ty’tlg '(teﬁée {)%féhg{hggﬂar?ge?%fﬁglgr’ec;?on_ 01'c t’_[?le o: _
poundari es. {fidbnrivaN0S ttnetehahl XA Eradiefit 2ol WAMNIGARILONn | thPbAGRINGS
i n excluding noise. The quantiZed |ocal “direction vector 1s called a

i rect ] onal exSSlflny, ¢80 ek anefdtP* RN SthaIalh LOLUAN: (P aclirallitbadibrmide

shows the k-% pol nt~ o oundary i nterval. nce there are eig
directigns f | | onal : es inclining to the x-axis are
only ei"ght a%l’es{aﬁt% %If ?s?&gﬁ‘?ﬁ%to E@%OF“Z%Q%' , 135 180 [err] 225 270
Lerr] and 3lenipShEogintfh WL%@nﬁ%oﬁ%ﬁ $NGLES

ni ng'an% es ] (P,

The local tu are réckoned at all series of points

e
Il the bound i \ | L N
oot (der ey Y et Y Buallied A58 bl ANGANGVECleRs  duthlhed ln Htab 1.
di ff i f.ecti i ng - i nt..
ani t 1 ongt heaiea 18 kel ARG LaR: Ol P RREl R OS5 Sl Bt bucioche by
ek bor SR8 adR6E, UNERR! phid 30 BRNBEET 8,0 OFRRORE YRR to

t he directional ors I n cosine o

turni ng_oanglﬁoigg‘ d%hwﬁgaﬁgntlt;@s in%n?r{ﬂlﬁ)érg)c%u%}x 930 short "a" (;:1). Too large "a"

causes insensitivity to the local change of direction of the boundaries. For a

short "a", for example, a = 2 quantization, is effective in excluding noise. The
quantized local direction vector is called a "directional vector", and is
represented as Direction (p, k) where (p, k) shows the k-th point of the p~th
15 boundary interval. Since there are eight directions for directional vectors, the
angles inclining to the x—axis are only eight angles, thatis, 0°,45°,90°, 135
°,180°,225°,270° and 315°.

(STEP 3) CALCULATION OF LOCAL TURNING ANGLES
The local turning angles 9 (p, k) are reckoned at all series of
20 points on all the boundary intervals. The local turning angle & (p, k) on a
point (Xx®, Yx® ) of a boundary interval is defined as a direction difference
between a direction vector preceding the current point by b unit lengths and
another direction vector succeeding the current point by b unit lengths. Hence,
" the local turning angle is a direction change of the directional vectors in 2b unit

25 lengths. The cosine of the local turning angle is defined by the inner product of
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-52- the b-preceding vector and the b-succeedi ng vector.

Direction(p, k-b) Direction(p, k+tb) cos [err] (p, k) =

(8) Direction(p, k-b) Direction(p, k+b) |

The definition range of [err] is - [err] < [err] < Jerr]

Since the direction vectors have been quantized into eight directions,
there are only eight angles, that is, -135 [err], -90[err], -45[err],
O[err], 45[err], 90 [err] 135 [err] and 180 for the local turning angles
Her e, bis r t in the determ nation
of the turnﬁﬁggoﬁﬂg%ﬁﬁﬁ% ‘Hh{fﬂ%}:Wﬂg&?%%ﬁﬁgﬁgg%¥lt I's inpossible to
detect | ocal changes of the boundarles If bis too small, the turning
angle 0 cannot reflect w de-range changes of the boundaries. It is

necessary to determ ne a ﬁ’eﬂ’%ﬁ&%@\é -?ErOfDlpe‘-‘tl‘gf@Eﬁ g JUDGEI\/ENT OF

TURNI NG PCthS (o ni_ng .ang IS consrd ed as an
angl e nmade by %@o ’t&ngenb | {bﬂgs $?5 ar e piltd %%ﬂngﬁ P0|nt pr ecedi ng
the current point by b an er poi nt succeeding the current point
by b. The object is taking out the points at which the boundaries are
sharply curved. Then [err] g ?&GSQ:@E%EQﬁaOHQLaﬂﬁé & <Ry Where 6 is a

| ocal i zed turning angl e, ferr I's a critical paranefer pr edet er m ned
to be an angl e between - [err] and + [err]. If [err] is larger than [err],
the point is a turning point. If [err] is snaller than [err], the point is-

not & Lurning poi nt. shAlihe bl OvBRLR BabbobesR aSnkOblOWAY eight

I nequal ity: [err
5 d1rect10ns, there are only eight angles, that is, -135° ,-90° ,-45°,0°,45°,

90 °, 135° and 180 ° for the local tufning a.n'gle_s‘ Here, b is a parameter for
controlling the locality in the determination of the turning of the boundary. If b
is too large, it is impossible to detect local changes of the boundaries. If b is too
small, the turning angle 8 cannot reflect wide-range changes of the
10 boundaries. It is necessary to determine a pertinent value of b.
(STEP 4) JUDGEMENT OF TURNING POINTS
The local turning angle is considered as an angle made by two
tangential lines that are drawn at one point preceding the current point by b
and at the other point succeeding the current point by b. The object is taking
15 out the points at which the boundaries are sharply curved. Then @ is compared
with a parameter £, where 6 is a localized turning angle, and @8 is a critical
parameter predetermined to be an angle between — w and + . If @ is larger
than @G, the point is a turning point. If 8 is smaller than 8, the point is not a

turning point. Namely, a turning point satisfies the following inequality:

20 |6 p,K)| 2 8 . (9)_

Thls Sheet Has Been Replaced -

52




-53 - The turning points are shown by (X[err], Y[err]).

[err] is acritical paranmeter for defining the turning points in the range
fromO to 2 7r. The boundaries that are closed | oop |ines have
been divided by branch points into boundary intervals that are series of
curves. Here, turning points are extracted by (8) and (9), and the
boundary intervals are divided by the turning points. These are called
"subboundaries". Hence, a series of continuous subboundaries is a boundary
interval, and a series of continuous boundary intervals is a boundary. The
subboundaries are definite curves having no characteristic points except

t he ends. H BQUNDARY. ,APP. I b 'p kg
precedi ng processes ha ¢ SUFPRG 888 tguﬁ??%lhgsag gy %V g(? ‘nt s andlst a‘r%ﬁlng
poi nts on the boupda |e The ndar| | plurality
of boundary l?arﬁaglreg%’i T deHRRE] ‘ah 3%1% \c{?u% Qr%/% ?nt erval s

have been divided int tﬂo ndar i%%r %E?:%ﬁé%i%g’\?l ng%&é%e@ﬁ di%ded by

turning points. Here, approxi mat es

h bb d Thi
;pgr oirma? :Jo%ga C%S thl’Hém???‘é‘? %S(g%r\ltgp‘?%ls t;?l ?c?‘;f ?\r%a Ees Ia\gplt)oun elf’:.tggﬁ%]%

sui t abl.e one-di pensi on econd O

to approxi MYB'YAFE & ?‘gxﬁﬁ"tﬁ‘?cb @e‘né\rxﬁ)Chu\/fﬁ éguggﬁ i negL’ t<£'313}|1dg&%y
| ater. Since.th boundarles e been di V|de nt o ar er,v y
the branch p8i8 %él e PORYFnd nter VAT S ha‘?’/‘éb-?\%unrf‘bé)ar g&gr a)rlglé3 I=3‘Furt§ hﬁep of

e e o DAL RS RSS2, USRI g e
]? Bﬁg?.eogfs gl%vat&lary mtgg}we/r sf %% bomegfarlys I}%evgggggﬁggamgstar}ee %%Pm%' gﬁ“f@&
ha.ving no characteristic points except the ends.
10 [H. BOUNDARY APPROXIMATION DEVICE]

The preceding processes have extracted boundaries, branch points
and turning points on the boundaries. The boundaries have been divided into
plurality of boundary intervals at the branch points, and the boundary
intervals have been divided into boundary parts (that is, subboundaries) at the

15 turning points. Here, the boundary approximation device (H) a.pproxifna.tes the
subboundaries by suitable functions. This invention practices function
approximations twice. The first one is to approximate the subboundaries by
suitable one—dimensional functions. The second is the two—dimensionel one to
approximate differential image, which will be explained in detail later. Since the

20 boundaries have been divided into boundary intervals by the branch points, the
boundary intervals have no more branch. Further, since the boundary
intervals have been divided into subboundaries by the turning points, the

subboundaries have no more turning point having a big change of curvature.

Therefore, there is no vibration in the approximation functions of the
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-54- subboundari es. The points on a subboundary are denoted
by two paraneters, e.g. the nunber of a subboundary and the nunber k of a
point in the subboundary. For avoiding conplexity of suffixes, the k-th
point is denoted as (X[ err], Y[err]) only by the point nunber k w thout
show ng the subboundary nunber. Subboundary point series are represented
by a set {(X[err], Y[err])}. It may be possible to approximte Y as a
function of X But since curves Y(X) on two-di nensional plane (X YY)
general |y begifuiidatiesal ued functions of X, it is inconvenient to treat Y
as a function of 1 ndependent X A set of point series on a

boundary i's, thereforepnd SBLRSESH AlsibolndaryNdROEBHSIY By R@lcepainetdrs, e.g.
functions {(t[err], x[err])} ((t[err], y[err])}. Here, t 1s an

i nt er medi at e, J AUEHENELR! sUduHE Gy AU SHe FAVESK 0F & pEBt AN e ABBAlinGalre S
fromy-coordinates and to treat X(ty), Y(t) as single-valued functions.

Hovever,  { NG &b 88 P SoRHIEeF R kB8 S nd D0 oinisABEndted s (DI Vonetly
before, the oundary of this inventionis a series tracing one of four

nei ghbg i NY PPILAL DoiWhERpEE B WRRbh{ SRGFing! tHOMbBAUHRITY DimBeRi BRbboGhaasy
t he boundary points are defined at- four corners of pixels, the distance

bet ween nei At BSrieP UM SebfesditvBY Byl al Be® UL YENIL Bt Ghap Bé dgostible to
pi xel . Theretore, t Increases by 1 per one side. Since every distance

bet ween nei ghbOr R tROV NS & BudetidBraxbi B kLIRS Supfes YIKEIOHE G atdEmensional
variable "t" vani shes. A set of point series of (Xk, y[err])

represent ed Eh&, it BERBAIRT BecHfd nAlltiGalded FEnARRLUE K€ ds Biiconvenient to
single-variable periodic spline functions wwth uniformintervals. Any

order of splines xS, AY#ihARSE of e(fgéh%etnlﬂi)f.d or second order spline is easy
to treat. Hi gh order splines wou consune a lot of tinme for «calculating
and a g]!’(saat amount of ReygRrof ﬂé’i&x@ RREAUSR LbolRANrF 38| thdrie@ties relpresented by
two independent single valued functions {(t., xx)} {(t«, yx)}. Here, t is an
intermediate, independent vé.riable, which enables to separate x—coordinates
from y—coordinates and to treat X(t), Y(t) as single—valued functions. However,
there remains some arbitrariness among t, x and y. As mentioned before, the
i5 boundary of this invention is a series tracing one of four neighboring points
which are positioned at four corners of a pixel. Since the boundary points are
defined at four corners of pixels, the distance between neighboring points is
always 1 in a unit length of a side of a pixel. Therefore, t increases by 1 per one
side. Since every distance between neighboring points is 1, the arbitrariness of
20 intermediate variable "t" vanishes.
A set of point series of (X, ¥x) represeﬁted by the intermediate
variable "t" is approximated by singleévariable periodic spline functions with
uniform intervals. Any order of spline is available, but the third or second

order spline is easy to treat. High order splines would consume a lot of time for

25 calculating and a great amount of memory data because of many coefficients. If
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-55 - the first order spline function were to be used, a boundary woul d
becone a straight line. Thus, it is inpossible to approximte a snooth
curve. The second order is the |owest of the available splines. Mre than
the second order are certainly available, but al nost all boundaries are
able to be approximated by the second order spline function. Here, since
subboundaries are snoothly curved parts, that is, subboundaries exclude
turning points. Subboundaries are easy to be expanded by | ow order spline

functions ly %:FE@) Y to bel €8dd, a boundary would'®ecome a
subboundaraﬁllsh%gts gaﬁp to nﬂ%Fﬁﬁﬁéwﬁgslﬁb g connn% tghgth Pi ece nunber

"n" is cal l%ﬁa%hql Yis! E‘HUQU{{bﬁE 1g\p|3§%ﬁle :l:%aa.g:?%ﬁxﬁﬂh"ég)a ¥R6MBScd N THe sbéond

(n 1). Ner i'S a nornk I ne unction, and 1 is the nunber

of base. Th,._f%,r {se{ %)oun%t[ §f the %ﬂg& iRt Suobe Mhek et dedoRdt idr BRGT

expansi ons ary is into n pieces. There are (n+l)

nodes distrj | 414 b YeSapbridkafeted by the
N err](t) |s a sp ine a%éb%g\%gs%&%:%“%gﬁrﬁ?hde&( +1)-tk(1e prlﬁpece Fgr

exarrplse the, cg‘htdhorocfeq'eé?ﬁp% Eﬂﬁc{ﬁ@ﬁe Hire! Gldde) sﬁ'@ﬁo&ﬁ@éﬁl@s a¥e!dipt Ry ¥udved

(m+l) “pi eces zero p| eces The spline base Nerr](t) is (m1) .

t diff t
02 R T BRI oo A ol gt e

but is zero d(,gstgl.) ber-"n".N. It is
sai d t hat t%a{)ee %%ﬁé\e b glgéé’rq‘ge;sfhgﬁcfggc}:%&ts% épace gggnr?gdnby (n+2)
bases.

n-1

S c.aMN () . (10)

1l =2

S« (t)

n-—1

T ¢l (t) . (11)

1l =2

Sy ()

10 The subboundary is divided into n pieces having a common length.
Piece number "n" is called a division number. Here, 1 takes (n+2) values from -2
to (n-1). N.(t) is a normalized spline base function, and 1is the number of base.
Then, c.:. and cy, are coefficients of N.(t) .in the linear expansions. The
subboundary is divided into n pieces. There are (n+1) nodes distributing with a

15 common interval. An interval is a piece. N,(t) is a spline base having a peak at
the (1+1)-th piece. For example, the m-th order spline base N;(t) has finite
values only at (m+l1l) pieces but zero at other pieces. The spline base N;(t) is
(m-1) times differentiable at m nodes. If the 2nd order spline is used (m = 2),
N:(t) has finite values only at three pieces, e.g. 1, (+1) and (1+2), but is zero at

20 other pieces 0, 1, ..... , (1~1), (1+3), ..... , n. It is said that the subboundé.pies are

expanded in the space spanned by (n+2) bases.
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- 56- The 2nd order spline is the sinplest polynomal. For the

sake of sinplicity, the piece length Ais taken as [err] = 1.

The base No(t) can be represented by sinple quadratic pol ynom al s;

No(t) = 0.5 12 (O [err] t < 1) No(t) = -1.5 + 3t - t2
(1 [err] t < 2) No (t) = 4.5-3t + 0.5t2 (2 [err] t < 3)

Since NJerr](t) = No(t-p), all of functions are determ ned by displacenent
of the fundanental base function. It is a very sinple way. '

Since the subboundaryrhs Sy@rki¥r Hptindess kAé GiRpRist GRIyAdmALC FHthe bewg il
(interval) by (n+l) nodes, the function bases aFI ow paral |l el displacenent.

Then N err] Ei%plfci{;\ﬁ(tth' Ppifeé ndth @Stigbiiahed awhere A is the whole length

of a subboundary, an(‘ja nis the total nunber of pieces (division nunber).

Hence, A /n shows onenRiGe N\HIEEhINBE rbphésciR¥€ by fAinde qlibdhatielipoBaidntials; n
parallel by p pieces, the function base becones Nerr](t). [err] is a

coefficient of the bage=edilet). Reckentpk e coefficients {[err],
[err]} results in the det erm nation of the spline function expansion.

The sp#i ne function i g @)Riecswige pol ynank al< bhat is different from
generat pol ynom al s. Ther ef or e, ~the spline function has the benefit of

suppressi ng usel ess viatd RS &y Hhr=pafd <wheryg t he change of the ori ginal
function drastically cﬁgﬁges. Tf?1e subbou{;ldary A%gi s divided into a plurality

of  Pieces, and eachsp&pent f)0iyeR, @i Al eof AN Are ThéedRtfed Sby
joint point. of two nelighboring pieces. The mth order spline function is

(m1) times di?ﬂkfaérﬁérﬁd%é ?{gsgrgfag%@%ﬁnl?g&sfuﬂcﬂi&hen%@% PeieLinplb k. base,

the original function _ e 1st order ‘differential are '
continual . But the 2ng;ptdene dibbshRBlMAs eqh i priaBHIALYH pidéedGUESommon

QG herwise, it is possible to put nodes at appropriate

10 length (interval) by (n+1) nodes, the function bases allow parallel displacement.
Then N,(t) = No(t-p A /n) is established, where A is the whole length of a
subboundary, and n is the total number of pieces (di\_/ision number). Hence, A
/n shows one piece. When Ng(t) is moved in the right direction in parallel by p
pieces, the function base becomes N.(t). c.: is a coefficient of the base N;(t).

15 Reckoning the coefficients {cxi, ¢v1} results in the determination of the spline
function expansion.

The spline function is a piecewise polynomial that is different from
general ﬁolynomials. Therefore, the spline function has the benefit of
suppressing useless vibrations in the part where the change of the original

20 function drastically changes. The subboundary A is divided into a plurality of
pieces, and each piece is given a diffe-rent polynomial. The node is a joint point
of two neighboring pieces. The m-th order spline function is (m~1) times
differentiable at the nodes. In the 2nd order spline base, the original function

itself and the 1st order differential are continual. But the 2nd order differential

25 is discontinuous at nodes. Otherwise, it is possible to put nodes at appropriate

—
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-57- spots as a set of paraneters according to the purpose. If so, it
woul d increase the additional calculation for determ ning the piece point.
To avoid the node calculation, this invention firstly gives nodes on the
subboundary. How to give nodes will be explained. The nodes are the points
at which a subboundary is divided into pieces. Hence, the whole length of a
subboundary is divided into n pieces which have an equal length of 1/n.
Hence, there are (n + 1) nodes having an equal interval, which does

o thout Mgl b ek 22, leeBA ST MU0 S5 ne g0 0s BTRERolld Enchady

paraneter f%ﬁo nin egre ox1 mat’l o nce, an increase of

the piece nebae,cidlglong‘fcalcﬂfa.t%%r %ot c?étei“ﬂﬁ ?1% aﬂl gglrfthe accuracy of

appr oxi mat i oundary are allotted

with some values of "f7 a.vgnfq:hé %oﬁ@ éa#\ﬁﬁffgg ﬁ'ﬁ]g’m'\lgﬂﬁgﬁ%ﬁy !?Jé@:%&s on

X- coordi nat e of the su%bound e conti nuous function of

\7}]:;;] g{ )err oor(fa I??v?fco 8 nge&,r | nenﬁgo"ﬂlebﬂ %seifdt(ﬁe)pomts

a ratirc sp ases act ual
1

en
e’ gu
coor diznates of t, e - tgbgt‘“%’]"? aﬁ%%a%e;)&r)g'g rrg?é% arﬁe'fer’?]rht goﬁé[ Wg};p, of Ihe

coordPnates opﬁf err

S t ! The di f.f b

oo s 057 s 4O R il -
) Y.

Squar e of { PR Praendod) SR Rty Ot el gk {ﬁf Wty S MR, e

(TS RS P RO 00 3L, IR SHENE BaRleckn £ bt GaMeher ton

[err] neans gUm or the values f

M'p) on the f‘fﬁg{i’g Mie %%2?8 0ea %roglrr}l%tl%gprﬁé%&a 'noﬂlcfrggé:é LP0%e BlecsifnBdria

and sf[err](

10 and the sorts of functions raises the accuracy of approximation.

All the points' of a subboundary are allotted with some values of "t"
that is an intermediate, independent.va.riable. X-coordinate of thc subboundary
is shown by the continuous function of s.(t), and y-coordinate of the
subboundary is shown by s,(t), where s«(t) and s, (t) are quadratic spline

15 bases. The actual coordinates of the k-th point of the subboundary are (xx,
vx) The coofdina.tes of (xx, Yx) are approximated by s.(tx) and s,(tx)
respecfively. The difference between (Xx, yx) and (s«(tx), sy(tx)) is given by
adding the squc.re of (Xx — sx(tx)) to the square of (yx—s,(tx)). The sum of the
square of the differences at all the points is denoted by a square error "Q". It

20 is obtained by adding square differences of k from 1 to M(p).

Mp-1 Mp-—-1

Q=2 {swltu) = xu}* + Z {sy(tx) —y«}? (12)

Here, % x means the sum of the values from 1 to M(p) on the

current subboundary. The approximation functions of s.(t) and s.,(t) are

This Sheet Has Been Rep

[ i

57




-58 - determ ned as the square error of Qis mnimzed. Since the spline
functions are piecew se polynomals, preferable coefficients in s[err] (t)
and s (t) are determned by mnimzing "Q'. There are tw mnethods of
seeking opti numcoefficients. One way is the "l east square error method
(A" and the other is the "biorthonormal function nethod (B)". The second
met hod (B) has been proposed by this Inventor for the first tinme. Both

met hods will be expl ai ned in det ail. After the determ nation of the
coefficients for " rs L\ J; Si M,
the precisi ‘g?lt 5?‘19%{; app RS ?%Iﬁgflss}ggdvlgfﬁzgh ﬁﬂcggﬁ@%mg%%ﬁaﬂs—a

appr ox1 et | o %gﬁ%'ng!%&gﬁgs e%gra%trs xoe%«a LN ey Bk o) ard a&@}ﬁ@ﬁed

oxXi ha ed are et wthin a tolerance

[err] at aI the %Lg?é nSifice. al,{%;}[ raf%({ eﬂﬂg%ﬁ%ﬁ‘%lcsufﬁlé% t e

root of the 09 bet'ween err](tlerr])

sferr](t] ?r%})ls%e shat gcgﬂagﬁe gtfror r}f t’ho V\ﬂa@t L tt}«?gtlﬁé}“&r the bRt irddimal

pr edet er ni n€d” t'81'€Fance n exarm ni e roots of square
i miin of TS RedpE, E?éhﬁ%*}%%??%’??ﬁe%f (B fes i PF%B?%@‘%& b
S ol Y S A DRV o A s s
01 e IR S TN U o o
0 ve (e b o, LSRN S SR i ot Sttt
vl 1y 9 COmT 11 843 okl Sk ! A il 09 SRR B e
I's Iarﬂ?r tgar%alxgésr ]Uetwegrlln?a. tual points and approximated points are kept within a
tolerance n at all the points. Since such evaluation is done by calculating the
root of the sque.re errof between (Xx, ¥x) and (s.(tx), sy(tk)) at every point of
"k", comparing the square error with a predetermined tolerance »n and
examining whether all the roots of square errors at all points are smaller than

15 the tolerance 1. Therefore, the maximum of the roots of the square errors

among all "k" is denoted by &, which is defined by the following equation.

€ = max [sultu) =%} + {5, (te) = ¥}* 1'72. (13)
Here, max, means the maximum among the points of "k" from 0 to
M(p) -1 on the p—-th subboundary. Q of Eq.(12) shows a sum of the squares of
20 differences between (Xi, yx) and (sx(tx), s, (tx)) and gives the principle of
determining the coefficients by the least square error method. On the contrary,
& of Eq.(13) works for evaluating the validity of coefficients by the errors at
individual points on the sﬁbboundary. |

The tolerance for evaluation is . If & is larger than 7», a similar
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calculation is once nore repeated by increasing the division nunber fromn
to (n + 1) in order to seek another spline function approxi mation
mnimzing Q The maximum[err] of the roots of square errors is

~cal cul ated again, and is conpared wth the tolerance [err] . If [err] is
still larger than the tolerance [err], a further simlar calculation

shoul d be repeated by increasing the division number from(n+l) to (n+2).
The inequality [err] > [err] will be surely established by increasing the

di vi sion nurcrpﬁ: Eorpléan%e mg\pg'?e%ga{t%h 154 Ex?cﬁre]asin% Y @iv€dn ddifber from n to (n

approxi mation 15 stoppe the sane tinme the coefficients of the

spline funct,i { PN %Egeﬁ; O§ts%EE‘ difeftned @%xﬁ%efgd&icﬁﬁTaﬁp?émhaaoapﬁﬁﬁmmg i@n The

function are ow ng the p-th subboundary. Two nethods, that

is, the | ea%ﬁx‘?rﬂ‘gﬁr? o tHY rodts! Qﬁgqﬁé}e %ggoltsh?s RhRiidt8A04gHRh, BHﬂCitsl &inpared
W t

rrethod (B) pl ai ne erto,- which determ nes the spline

function ap rehe
[ LEAST swA%E%Eﬁ%E*’%E%”’ ﬁ@g @Sf‘ﬁf 1ot gt ¥fiin £hp toRr o turhersinilar

part ' als- di ffc%.igﬁ% grﬁ %g i)[aerre 1&1%'}&1 in 'ﬁ@ div88on number from (n+1) to

partial- - di f f8r ues e equa o zero. \Wen the square

error Qis g\n+bm coe;u?é%l 18 t ;?f cgem_ﬂ Cﬂee%ﬁ-elﬂc{)s%aﬁﬁé’l%d |wrﬁe§ég§1@g the

small chan nce, | S possible to determ ne the

coefficients, ,]gism%[,ﬁ%g,er & 5]}, of, t&aﬁegpl,) 3 %&@%ﬂtgﬂle@}%’ 4@ dbesfihatiof is

and dQ dc[err Inciplfe 1s ut the culation is

conpl ex. Theg 8?#%5 ﬁgarg{ e %ﬁg%ﬁ%r??é h&e?ﬂgj[e%fts ﬁxé'%ﬁl) sP&S€ functions are

coeffi ci ents re are 2 erenti bases are

[Pr et o0 oINS EAUIIONS BF 4L RIS (il 0°Boskad for
mist b?_o Cals(}l%lv&;xgdche p—th subboundary. Two methods, _tha.t is, the least square error
method (A) and the biorthonormal function method (B) will be explained hitherto, |
which determines the spline function approxima.ﬁon minimizing Q for a given
division number of n.
[LEAST SQUARE ERROR METHOD (A)]

15 Q of Equation (12) is partial-differentiated by {c..} and {cy.}. And
the partial-differentiated values should be equal to zero. When the square
error Q is minimized for a set of coefficients, Q is never increased by small
cha.nge; of coefficients. Hence, it is possible to determine the coefficients of
{Csx1, C41} Of the spline function by dQ/dc.«, =0 and dQ/dcw = 0. The principle is

20 simple, but the calculation is complex. The square error of Q contains the sum of
2(n+1) base coefficients, and there are 2(n +i) differentials. The bases are

represented by two matrix equations of (n+1)-columns X (n+1) lines. To solve

these matrixes, two inverse matrixes of (n+1) columns X (n+1) lines must be

calculated.
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- 60- [err] Sol ving the above matrix equations is not
easy except for the case in which the division nunbers n and the boundary
poi nt series nunbers are snall. The boundary point series nunbers are,
however, not always small. The division nunbers n start froma small val ue
at the beginning, but simlar matrix cal cul ati ons should be repeated by

I ncreasing the division nunber n one by one till satisfactory

approxi mation i s obtained. The increnent of the division nunber n requires
a greater anount of CQJ# bpg nucg:gnﬁe tbne {195 calculating the
matri xes. Therefore, gaf clil'a 5} theka ove matri x equations are not-

al ways possible. This |east square error nethod (A) has the advantage that
every person is able to understand its principle easily, but is inconpetent
for large division nugrbg N, (tTNS (18t Bodk #%N”@ék)eff @eyi ve because of the
calcul ation of a greai Size of matrixes. «The great increnent of the
division nunber n will nmake the processing inpossible through an abrupt
increase of calculation tinme. [B. Bl ORTHONORVAL FUNCTI ON METHOD]

Bi or t honor mal  functi og,hase RRE rhﬂ(dvresﬁnﬁ%lfgﬂhéﬁﬁﬁg iD¥ot Rasy |dx¢ept 86r the case
hi msel f. This nmethod easi y overcones the problenms annoying the |east

squar e erfl_ﬁ{ WwHED e &ﬁ%dwhsnunlnﬂggs Gohal! é QBuBHHPy R in@ sBr@sdhYhBéfare

number new met I's superior to t | east square error method.
Al rmst a" 'aﬂhé DoEd dddiyt B m‘d%&-ié%“nﬁﬁbé?éaP@Vﬁovﬁé@&“ dodnaihpasmell. The
[err]( are reC|proca?Iy ort honormal . The concept of orthonormality

division numbers n start from a small value at the beginning, but similar matrix
;:alcula.tions should be repéated by increasing the division number n one by one
till satisfactory 'a..'pproximation is obtained. The increment of the division
number n requires a greater a_;mount of calculation and much more time for
10 calculating the matrixes. Therefore, calculations of the above matrix equations
are not always possible. This least square error method (A) has the advantage
that every person is able to understand its principle easily, but is incompetent
for large division number n. This method is not effective because of the
calculation of a great size of matrixes. The great increment of the division

15 number n will make the processing impossible through an abrupt increase of

calculation time.
[B. BIORTHONORMAL FUNCTION METHOD]
Biorthonormal function has been firstly contrived by this Inventor
himself. This method easily overcomes the pfoblems annoying the least square
20 error method, that is, long calculation time for a big division number n. This
new method is superior to the least square error method.
Almost all special indefinite function series have eigen functions of

{ ¢ »(t)} which are reciprocally orthonormal. The concept of orthonorxhality is
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-61- comonpl ace for conventional function series. The orthogonality means
that the integration of a product of tw functions with different
paranmeters in a certain integration range is always zero. These

ort honormal function groups are briefly shown by ( [err] m. [err] x) =
[err] [err](.) means an inner product which is an integration by the

I ndependent variable. [err] mx is Kronecker's 6 which is zero when m# k
but is 1 when m= k. These base functions [err] mand [err] k have

influential QSehéhRbEORoPBbASeMiot fnRBids sekis. f TRE birtritzonklitly ifeanenhat the
paraneters have different nodes of oscillation. The integration of the

product of dirftggf'ﬁﬁgn opﬂgﬁx‘ﬁfc‘ﬁ YRG! fLRtEidns RitheYFfARhO papamatiae inhecertain
different oscilTation nodes cancel with each other in the product.

Spline funct|QRR:-PASES rah Se BXERRLISRPb. ToRIsE Rt RGEriall IGhEIos gabaps are dirigfle
pol ynom al s mntﬁ little oscillation that there is no orthonormality between

different pag ey bages. .I—?ngp= the, asgenm) neahstdit ifRért PRobusE Wil issam
non-ort honormal function system Non-orthonormality brings about serious

difficubty tg,3pkatien bynGld fifepehlieht vaifdols.ul & 1.0 iS ®K@knédHertd1€6 which is zero
coefficients of (Jerr] because of the non-orthonormality. An el aborate

cal cul ation gheHl d e; dRACs Prwndet®raTi Neebd dagaefiinctionst Sgan add if& have
bases. If function bases have the orthonormality |ike conventional

ort honor mal  §ArGaAtaN SRiidson bRRCACHEIICERAES Tofe FutiBtionseFsdifferghy pardnetehe
I nner product of c[err] = (g . [err]m) when g = [err] c[err] [err] mis

gi ven by expagdingeabeA Riolibalo¥ dsiiiGlkiocd) Phe GntidrtidnSsHt tHyf phedicdti sindisfarieas
{ [err] It is difficult for spline functions to have the

or t honor mal i LY ra REERUSENRiordd18E Ma1falfR] LEM, Ybeddiu@E! bR Kiffabeht BetiRBDNAMSdes
made for giving the spline functions quasi-orthonormality. The concept of

bi ort hongr makbi ¥e1iAsh cBER BtESOW thSBPtodir0ody but this Inventor has found
out a met hod of -62 -

Spline function bases are exceptional. Spline base functions are so
simple polynomials with little oscillation that there is no orthonormality between
different parameter bases. Hence, the assembly of the spline functions is a
non—-orthonormal function system. Non—ortho;norma.lity brings about serious

15 difficulty to spline functions. It is difficult to seek for the coefficients of cx
because of the non—-orthonormality. An elaborate calculation shouid be done for
determining the coefficients on spline bases. If function bases have the
orthonormality like conventional orthonormal function series, the coefficients of
Cm is easily given by the inner product of ¢ =(g8 * ¢ m) Wheng= ZCn @ m is

20 given by expanding an arbitrary function of g with a set of function series { ¢
m}.

It is difficult for spline functions to have the orthonormality
because of their simplicity. Biorthonormal functions are made for giviﬂg the
spline functions quasi-orthonormality. The concept of biorthonormality has

25 been known. But nobody but this Inventor has found out a method of
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calculating biorthonormal functions of spline functions directly. Then
bi ort honormal functions had poor significance for determ ning the
coefficients on spline bases. However, this Inventor has discovered a new
way to cal culate biorthonormal functions of spline bases for the first
tinme. The biorthonormal approach gains significance. When an
arbitrary function g(t) is expanded into a |inear conbination of spline
bases {N[err](t)) the coefficients {c[err]} can be calculated by a sinple

Functi on L SR e V\E’%"“g‘%"@’“ Fehpdeking” ofp EpUfOT hREHGE . HRRRIVT, Then
T g o T A7 o
Nerr] and Crepid hgsJA?eh*gﬁf%er PGS YRG5k SSDVRBETR A wPLIE R

auas - of t hORQLERLhd o Seud G BF Um0 EA! LhS e URS! “FHd BRSRRER

{Nlerr]}. I'S quasi-ort
quasi rtho At Yail d blorthonornal The coefficients of c[err]
and c[grr] §$39§%S|¥y cé?g AR by usi ng the thls art|f|C|aI function

(LLert] (1)} that is el 'r,.]eg%,)a B RRLBONALIB DR 08" LM Thb) o tincar

Subboundary points (s[é err 11 ne Dases

{Nlerr](t)} ?HQ#M&{ Le é{,)]%i[basef '{F’e{rt%'e] ?oefanic\l/eentsf{grhac%netgee E & B1ated by a

blorthonorna unction

- 63- simple integration of a product g(t){L.(t)} of g(t) and the biorthonormal

functio.n Lo(t). When g(t) = Z cp,N;(t), the coefficients {c,} are briefly given

10 by thé Equation of ¢, = (g * Ly). {L:} is biorthonormal to {N;}. {L,} has no
orthonormality itselj like {N;}. There is, however, quasi-orthonormality
between N, and L,. Hence, (L, - Ny) = & 4. The quasi-orthonormality is
reciprocal. When {L,} is quasi-orthonormal to {N,}, {N,} is quasi—-orthonormal to
{Ls1}.

15 The quasi-orthonormality is named biorthonormal. The coefficients
of cxp and cy, are easily calculated by using the this artificial function {L(t)}
that is called a "biorthonormal function” of Ne(t).

Subboundary points (s.(t), s.(t)) are expanded in spline bases

{N.(t)} and {N.(t)}.
20 Sx(t) = 2 cusNs(t) . (16)

Sy (t)

S CyaNg(t) . (17)

Therefore, biorthonormal functions {L,} {L.} give formal
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expressions of c[err] and c[err]. [err] The i nner
product is here adopted for sinplifying the expression of integration. The
range of integration is equivalent to the entire length of subboundari es,
but it is inpossible to cal cul ate, because the continual functions, e.g.
s[err](t) and s[err](t), have been unknown yet. The k-th point coordi nates
(x, y[err]) on a subboundary are known. Therefore, the above cal cul ation
is done by substituting x[err] and y[err] for s[err](t) and s[err](t).
Hence, The integration by t is also replaced by
t he sunnatiSﬁpg%%éﬁhiyfcﬁ%%n%fééfsjon of the approximtion is estimted by
the same way that has already been clarified for the | east square error
nmet hod. The maxi mum of errors (distances between (s[err](t), s[err](t))

and (xferr], ylerr])) Jls deaotsd By . [18)

Cva = (sy(t) - Lal(t)) (19)

The inner product is here adopted for simplifying the expression of

5 integration. The range of integration is equivalent tp the entir:e length of
subboundaries, but it is impossible to calculate, because the continual functions,

e.g. 8x(t) and s.(t), have been ﬁnknown yet. The k-th point coordinates (x,

yvx) on a subboundary are known. Therefore, the above calculation_ is done by

substituting xx and yx for s«(t) and s, (t). Hence,

10 Cxr = 2 Xi Ly (ti) (20)
%

Cvp

2 yweLls (tx) (21)

The integration by t is also replaced by the summation about k.
The precision of the approximation is estimated by the same way that has
15 already been clarified for the least square error method. The maximum of errors

(distances between (s.(t), s,(t)) and (xx, ¥x)) is denoted by

= max {(sx(bx) = X)? + (84(tu) = ¥:)7}72 . (22)

_—
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If [err] < [err] (tolerance), the approximation finishes. But if [err] >
[err], the approximation is repeated by increasing the division nunber n
to (n+l) till all the distance between the original points (x[err],

y[err]) and the approxi mation points (s[err](t[err]), s[err](t[err]))
becomes smaller than a predetermned critical value ( [err] < [err]) An
enbodi nent takes [err] =0.5. If the inequality [err] < 0.5 is satisfied,
the approximation shall be ended and the current coefficients {c[err]} and
{c[err]} shall be adeptgdk as (dolérahicBp! theagddrokimaticn finishes. But if ¢ They, the
bi orthonormal function L[err](t) is given directly by

exp(2[err] [a@brbximbkion ik) Fdpeated [ {dcreasing the divisioth@uaibe@ren Egu@attilpnilhall
been disclosed in Inventor's doctoral di ssertation, that is, Takahiko
Horiuchi; "Anstdidtenct welaRbabie sMghein paided (Rndy.) ehd thepdpmmiximatiéro points
desktop publishing systent Dissertation, University of Tsukuba, 1995.

The biorthongrmal, &HBgcH B8GnsCshalabtRafa paéddtkaininegl trinival vialug 239 < bt ).
i's convenient to nmake -a table of the values of biorthonormal function
groupssas a fdinghbsdimeht t tA1egardi=00.t e €hyi fieyuanpber <np.sarid satistied; ithe
the table. It takes nuch tine to cal culate the biorthonormal functions -

every tinme, appdkinaf@nl KA1 bETRHLE! arkBhORueasht Yosrdicientat fed - byundeadialgshiall

t he bi ort honor nmal function fromthe nmenory table. Wen L[err] is
bi ort honor made d&bphk&lak]theMied1'doetBeientd.or t honormal to L[err]. Therefore,
they seemto have. symmetry with each ot her, but it is wong. Nerr] is an

extremel y sinple pol yre gortiddorhial Phectfe Ll kpld glverl dReElly by
-65- which is orthogonal to Nerr] is a conplicated function having strong

oscillation. L[err]

exp(2j = f(k — 1)h)

"Li(t) = Z [h® § df] N (t) (23)
k=0 e sin 7 (fh - p)©

z

*=° {m (fh-p)}*

10 The above Equation has been disclosed in Inventor’s doctoral
dissertation, that is, Takahiko Horiuchi; "A study of adaptable system model and
its application to desktop publishing system” Dissertation, University of
Tsukuba, 1995.

The biorthonormal functions are capable of calculating from

15 Eq.(23). It is convenient to make a table of the values of biorthonormal function
groups as a function of t regarding the division number n, and to memorize the
table. It takes much time to calculate the biorthonormal functions every time,
but the inner product can be easily calculated by reading in the biorthonormal
function from the memory table. When L. is biorthonormal to N, N, is

20 biorthonormal to L;. Therefore, they seem to have symmetry with each other,

but it is wrong. Ngq is an extremely simple polynomial with little oscillation. Lg

64
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has definite values in the range (three pieces) fromt = qgtot =q + 3 as
well as Nerr]. Both L[err] and N err] are zero except the range between t
=gandt =q + 3. L[err] is able to be calculated not only
fromthe above Equation but also be calculated fromthe relationship

bet ween N[err] and L[err] shown by the follow ng Equations.

[err] L[err] can be calculated fromthe above rel ati ons,
since Nerr], Nerr] and Nerr] are known functions. It may be a good way

to make a tahld ﬁfo&hégdﬁah)toa@ £ aﬁyﬂﬁhb&@d@un&tﬁarhﬂﬁgﬁt%rvg sh&MafigAbEr,
n. Paraneters p (p =-2, -1 ........ n-1) seens to require a |ot of

f uncti on vaﬁ&geaeﬂalt{euﬁﬁéi kn thatrahrge (]ihi“éé)ﬁibce!si erdl thaa tole= P fbb&lell as

di spl acenent symetry, th is, L[err s). Only one set

of functiog, Va#apes. %&NOL@&Q zfe% xebsibid bze Eaﬁibent@e Sathbeungarses are

apprOX|nated by I'i near conbi nation of the functions {N[err] (t)}.

[1. REG ON DATA MEMORY, LEVAE] to be calculated n-BEQJrﬂ?Q'rQﬁl st &b@@é’ @q!ﬂ@.ﬁi@n but
obt ai ned by the steps of : nenDr|2|ng an original picture in the inage

menory, devi gge £ EALHIAEH 20O BRe CAUISISAIME BEtk O W RIS LY BRo@nSb L
tone, obtaining average tones in every region, seeklng for boundarles

bet ween r egiRidsin 2R adfohkNd the characteristic points, i.e. branch

- 66- poi nt's alﬁ turni ng points, expressing subboundaries between the
branch points

(N + Ls) =1 . (24)
(Np—y «+ Ls) =0 (25)
(Npvy + Lp) =0 . (26)
10 L, can be calculated from the above relations, since Ny, Ny-, and

Ny+: are known functions. It may be a good way to make a table of {L,;} as a
function of t for every division number n. Parameters p (p = -2, -1, ...... , n=1)
seems to require a lot of function values of {L,}, but it is wrong. L, has the
parallel displacement symmetry, that is, L,(t) = L.-. (t — s). Only one set of
15 function values is enough for calculation. Then, the subboundaries are
approximated by linear combination of the functions {N; (t)}.
{I. REGION DATA MEMORY DEVICE]
The region data have been obf.ained by the steps of: memorizing an
original picture in the image memory device, extracting regions consisting of the
20 pixels with a similar tone, obtaining average tones in every region, seeking for

boundaries between regions, abstracting the characteristic points, i.e. branch
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or the turning points by a linear conbination of spline bases with
coefficients and determning the coefficients of the |inear conbination of
the spline expansion. The region data nenory device (1) stores many
following attributes as the region data; 1. Size of an input picture 2.
Nunber of regions 3. Average tones of each region 4. Boundary information
5. Nunber of subboundaries 6. Starting points and division nunber of the
subboundaries 7. Coefficients in the |iner conbination expansion by the
spl i ne base phifitétan@urning points, expfedsieg subhowusdaties ehwesn tipg bremelygoints
data. The size of an input picture is the horizontal |ength and the
vertical | eggtyheOfurnieg Qdigindly Dilitiedr ccombihatish 24 silie baseuwithicopflicienss
the menory. It is necessary to distinguish the original picture fromthe
backgr ound whan deberminigg Nthe piaefficients df virdedingar sombématieiycefy the spline
Therefore, the size of the original picture is necessary. The nunber of
regi ons depegrgansibni MEhes wbgioandstaohembey idepite (1) cttares madytfolowing ettgiRiges\y
of tones. The region nunber needs 2 bytes of the menory. : When
t he nugber @k theGiegith datajenoted by Klerr], there are Klerr] average

tones. These average tones are necessary for the inage regeneration. The
aver age tongs sifnsf 412 ing@y pictyd es of the nenory. The boundary information
contains two kinds of paraneters, one is the nunber of the boundaries

encl osi ng theaueberattiregggisons, and the other is the directions
(positivel/negative) of tracing the boundary point series around the

regi ons. Herg avieh&gsltérat ¢foshchf region
-67 - tracing boundary point series determ nes which side of the boundary
the correspomdundarg@nformaxioat S on. The boundaries have regi ons on both

sides. If _

10 5. Number of subboundaries
6. Starting points and division number of the subboundaries
7. Coefficients in the liner combination expansion by the spline base functions

. Table 1 shows the numbers of these data. The size of an input
picture is the horizontal length and the vertical length of the original picture.

15 The size data consume 4 bytes of the memory. It is necessary to distinguish the
original picture from the background when the original picture is divided or is
reproduced. Therefore, the size of the original picture is necessary. The
number of regions depends on the substance of the input picture and the
tolerance 2W of tones. The region number needs 2 bytes of the memory.

20 When the number of regions is denoted by K,, theré are K, average
tones. These average tones are necessary for the image regeneration. The
average tones require K, bytes of the memory. The boundary information
contains two kinds of parameters, one is the number of the boundaries enclosing

the current regions, and the other is the directions (positive/negative) of

25 tracing the boundary point series around the regions. Here, the direction of
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there is no boundary direction information, it is inpossible to know which
side of the retrieved boundary the outstanding regi on exists on. For
exanple, a boundary should be predeterm ned to take cl ockwi se rotation
around the region as positive direction. The direction teaches which side
of the boundary has the corresponding region. The boundary information

occupies 4 Klerr] bytes in the nenory. TABLE 1: SIZES OF REG ON DATA

NATURE OF | NFORVATI ON DATA Sl ZE Original Picture

IZHLO{ ggt 10Ny ra2tff boundary” pBYHE Series dgﬁ'&‘gﬁgﬁé N RICHRI of the BiUHRIryOthe
y |

Aver age Tong i t The b daries have regioBSWHIBsLh sides. If

| nf or mati on“°FToSR dlp‘%] F%gyl?n exists Orhoun(ejaroynl r?fr%)r mat i on Nunber of

subboundaryyp e 4 Q%%%ndary direction information, it is 1mpossﬂ§1"e34’fot kAGw ReniBh side

& Division Number

[err] d th gﬁ’?éctﬁh&i tr8gionl 8kisls on. For example, a
byt es of the retrﬁvted ‘én ??’E ar. tel ng pol ntneé;ndglgnd poi nt) of a

subbo dary

: 1d determined to take clockwise rotation a.:fb%rrd thd d1bRy
poi nt ;gqor branc%arp?'o ?% q’%grset arting poirnt of a subboundary is just the

end poi nt of ; 3 REGAE 1Y IHO PPN Ak ticE bchBE wHiBh idd oP Bh&bBuAlEry has the

corresponding region. The boundary information occupies 4 K. bytes in the

memory.

TABLE 1: SIZES OF REGION DATA

NATURE OF INFORMATION DATA SIZE
Original Picture Information Size 4 bytes
Region Information Number of 2 bytes

Region
Average Tone K, bytes
Boundary
Information 4K, bytes
Boundary Information Number of .

subboundary 4 bytes
Starting Point
& Division _ 8 K2 bytes
Number

R2=-1
-Coefficients S {ni*¥2 +n,*%}

=0

bytes

Both ends (starting point and end point) of a subboundary are
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menorized in the region data nenory device. The end points are al so known
fromthe sane data. K2 is the total nunber of subboundaries. Since the
total nunber of regions Kl err] and the nunber of boundaries K2 are

i ndependent paraneters, both should be nenorized. The starting point has
two coordinates of x and y for 4 bytes, and the division nunber has two
directions of x and y for 4 bytes, so that 8 bytes are needed for one
subboundary. Thus subboundaries consune 8K2 bytes. "k2" is the boundary

m”ffh St rlxw‘l‘% 6 SRR oy PR QAR ToGREIdr £10ebBuflalt B ot
gg:ff: g: Zm & rl}t% t‘%f g%g'L[(err?( P?HQQ‘EUQ%¥a¢m§ n%) a'1-?i'icoe ﬁdgl) grr‘let S
is [err] (nlnemollzed 1L1T€1hé| éeg élr 8% a n1emo ng[ &evgg e’f&%ldg‘g %q‘i‘epm“q\l

DEVI CE] ge I'sd an image nmade by
subtracting

f
word "diffef é’ﬂ’t a'vsg'rngg&d%ggg’allﬁg té)éacif or g ?fog |e‘1‘1dd(%§ cu: %aﬁ??%tal
S.Ormt i S | deﬁélﬁ%ge{i r‘#g&a&aﬂ}éfeﬁt t?xt epxum% f%&n&ﬂ@és f1 a%gefhdependent

di fferences genera means a difference between

b h .
two substanges, Nauln0,dC.RANE G Hdrabsadd! ThOSta il Poihl hak choSoRiiidtes

e ween glna | age tone and

average im xta%%ey%r‘ihe rméglt’d Qﬁg%ﬁ ?or? ﬁmbggqla!sttx\rq directions of x and y for

D fferential 'mage”i concept 1n this invention. In

this inventi Qbeﬂtﬁt he g%%:teg%é, of g‘t%leggagg Qxeoéutﬂ#]cjtinq{a% cerpls E‘A’Bbghﬁ&ﬂl‘égt

|nages S Sﬁ e ave a e-tone | mage.

o A 4 S L S 0 e

pi xel s e tone variations are

' gnor e?ﬂl : E.QSrox?r\ﬂg 188 ecoef%1c1ean%geof BUt v”xl%}é 3L e dTRQI ctoﬂﬂatonef% SENHONEdtn

above

sub'bo_undary. ny*2 is the number of coefficients in S,(t). The kz-th
subboundary has (n.*2 + n,%2) coefficients in Sk(t) and S,(t). Thus total
number of coefficients is I (n.*2 + n, *2).

[J. DIFFERENTIAL IMAGE PRODUCTION DEVICE]

15 The differential image is defined as an image made by subtracting
the average tone image from the original, input image. The word "differential”
is generally used for differential calculus, and is sometimes identified with step
by step variations, that is, step differences. Hence, the differential in general
means a difference between two substances having the same quality. But the

20 differential used by this invention means a difference between the original
ima.ge tone and the average image tone which do not have the same quality.

Differential image is the most importanf. concept in this invention.
In this invention, the necessity of calculation of difference of two different
images is surely expected at the step of making the a.vera,_ge—tone image. The

25 average-tone image is an assembly of the regions which allocate all their pixels
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differential inmage is defined as an i mage nmade by subtracting the
average-tone imge fromthe original imge. Good quality of retrieved

pi cture can be acconplished only by approximating this differential inmage
as faithful as possible. When a pixel (x[err], y[err]) in a
region k has an original tone g(x[err], y[err]), and the region containing
the pi xel has an average tone of h(x[err], y[err]), the differential tone
diff(x[err], y[err]) is defined on all the pixels in the region k by the
following eabatindr own common tones. Ubélicdt¥[ €re] vay{ationls) aFe dighvired yirerthk)
- h (xi, y[err]) . (27) The average of g(x[err], y[err]) in
every regi oRubfadh €HH: lilBgBAr M! Qhef Olre dOfipértAGL.N ABOWALIMAEUr alboyehhe
the nunber k of region. A though the average tone h is a conmon value in a
region, the SMeratSaitidfag@esi dertlePad sl Ha@d M¥dd bY| QAldtractidf@he]gvedragettone
the individual pixels (x[err], y[err]) belonging to the region (r). The
average of iﬂa%é #rom! RBeSHMgall BRasd.f f @sRNtd @litioRes rétiridved aiitdurey[canr bp
in the pixels belonging to the region (r) becomes zero. Since the pixels
havi ng sa di ff.e6RPEENIET RGN tiyheddp rokMisn @Nchik NQirddRINAGE {nf}ee |aRS Faithoul Ak
belong to the region, the absolute value of the diff(x[err], y[err])
between g angsbigis. | ess than W Wis rather small. Thus, the difference
between g and h is snall in the region, and the average of g is h.

In other words, the diyfen § diRell &€ ¥ AN FELBh-R\hLS aMVordgiflal téhe 2E) ROS aall
diff is zero. Hence, the differential imge is far nore nonotonous, :

snoot her t haRetAgidH cohtadhinls"BL pixkD ®adidr 87 &Ridedonk IR (+; 2PQE thE anereRentidl
and -70 - Win every region,

and the avengge di#f(%E'P,) H8efhbdi diflanPtid WikelkSin thd Yeg@HCKEBy thd Folowing
plurality of regions, so that the differential tones are contained in the

10 equation.
diff (%, y5) =8 (%, ¥5) ~h (%, ¥5) . (27)

The éverage of g(x:, ¥;) in every region is h, and the parameter for
denoting h should naturally be the number k of region. Although the average
tone h is a common value in a region, the average tone h is also assigned by h(x,
15 ¥3) to &all the individual pixels (x:, ¥;) belonging to the region (r). The average
of g is h. The sum of the differential tones diff(x:, y;) in the pixels belonging to
_ the region (r) becomes zero. Since the pixels having a difference between their
tones and the average tone less than W belong to the region, the absolute value
of the diff(x;, y;) between g and h is less than W. W is rather small. Thus, the
20 difference between g and h is small in the region, and the average of g is h.
In other words, the diff is in the range ffom -W to W, and the
average of diff is zero. Hence, the di_fferential image is far more monotonous,

smoother than the original image. The differential tones range between -W and

This Sheet Has Been Replac 89

i




narrow range between -Wand Win the whole of the picture and the average
of differential tones is zero in the whole. Now, the equation
of diff = g-h defined within regions should be deened to be a general
equation for defining a differential inmage all over the whole picture.
Here, the inmage painted by differential tones is called a differenti al

I mge. Hence, the differential image is defined as the whole of a picture
wi t hout being restricted by regions. Thus, the differential inage has a

smal | fl uctwahisferPiretitt BndMHLAV dHalgBAS z@b@utrhe JFRRIRkO RS ré élr SIP @b Hered
I mage. Fluctuation of tones is absorbed in the average tone imge.

There is, heuwRVERIubRYPEO %gﬁh@f sBaatahkegirrelntiab 10N Sl ab€ BntLABA I 1AUGe
function, and is also continual In the direction crossing the boundaries

whi ch di vi deardrle Phddd/betwddnO-R sHdWwdld {ne fholLot ORS pled@rgfmmtmavéﬁ@eoas
have different average tones. Since the differential tone is nmade by

subt ract i ngyiaferaNBibPehds08G el PNLRL WAL Nal i mage tone, the differential
tone in the boundary is not continual by the difference between the

average tones of neipothd @qhadibANSE diHENS ¢—nt heridbd fWkRAE rékichaNabudd e
di scontinuous in the directions crossing the boundaries. Is this obstacle

to the appraded k& heARUger PRI QQHEﬁbHrYo? ddHifingCR WirfePeRGaP it ts 811 dVer the

worry. In the case of an inage "having a snooth, continual change of tones,

the differepgglebeivgen, t h@r@v%h@ggma%é) nﬁ&n@éd nﬁygaﬁ@éf‘eﬂﬁmﬁe%% ik Sca?.féd a
smal | that the discontinuity.across boundaries would be also small

But in the g@ffeRfiaP iRhed UHnRRY tRE dirtdedfial ‘Hnﬁ&@rﬂs' @éﬁﬁé’d 38" ORS WiHdfe of a
boundari es such as a binary picture, it may be anxious about a |arge

di sconti nui § 4t @RPGRHODY Hend h‘@sﬂ@ége% 6P e N ITAds  thd Bfferential image has a
-71 - boundari es. But such anxiety is unnecessary. There

?;ﬁg:}slac?ot ﬂ%ﬁ%gﬁ%decr@gb%}(n H?th?xlsaﬁl E]}@Hé}g%&h&és aBEGAYSRo s8R H8h8 UL SImBES.
Fluctuation of tones is absorbed in the average tone image.

There is, however, the problem of boundaries. Tone should be a
continual function, and is also continual. in the . direction crossing the
boundaries which divide the picture into a plurality of regions. Neighboring

15 regions have different average tones. Since the differential tone is made by
subtracting an average tone from an original image tone, the differential tone in
the boundary is not continual by the difference betweén the average tones of
neighboring regions. Hence, the differential tones are discontinuous in the
directions crossing the boundaries. 1Is this obstacle to the approximation and

20 reproduction ? This seems to be a cause for worry. In the case of an image
having a smooth, continual change of tones, the difference bétween the average
tones of neighboring regions is so small that the discontinuity across the
boundaries would be also small. But in the case of a picture having a large

discontinuity across the boundaries such as a binary picture, it may be anxious

25 about a large discontinuity appearing in the parts corresponding to the
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the case of treating tones. But when the boundary is treated, coordinate
points are taken at corners of pixels. Since the case of treating
boundaries differs fromthe case of treating tones in taking coordinate
points, the gaps of tones are absorbed in the boundaries. The pixels
positioned at the periphery of each region exist inside of the boundaries
and their tones are equivalent to the tones of each region. Therefore,
there is no discontinuity across the boundaries in the differential tone
i mage. This kRuaRLeE. is able to erase such discontinuity across the
boundaries of the differential imge that would appear in a binary

pi cture. Bt SHRRERENY AL uhiVB(dsNEMOPhPE\dcells no discontinuity in

The differential imge nenory device stores the differential inmge, e.g.

di ff(x[err], ¢yt YduhaarRe vdkhhss @BbsdRhatd BoMmtE arettakes dtrtreheertiets OF giixélalin
i mmge menory device not region by region but as the whole of one picture.

The average 4},0ng sk BRERA1A5e 06685, SBAE %érﬂtﬁé@oﬁﬁ@ﬁxgnlﬁﬂte&té@mbb?‘dﬂﬁ% geints
An original picture can be restored by adding the fferential inage

stored 5n thepe dihERT &N bbAlers"BOSiFAED ¥ind8iHeCcdse bl eréited @ Poundaciesndigers
stored in the region data menory device. [ L. DI FFERENTI AL

| MAGE DI VI S ENL CBde of treating tonesAn takine bosRithhte/ OGS, thePEAROSEOEI e
for reducing the tine and the data for approximating the differential

i mage. The piggthigedas fiehodnvaded. TREOpHEH 9BSitACANG: ARG Perishady A each
tones, and the differences between the original inmage tones and the

average tones..BayeePseinaak @feeﬁodﬁﬂmaﬁ@gh% tones are equivdlbht €9vhe tdnes
may be natural "to approximte the tone variation of differential inmages in

the unit of rggl % 18, PREAFLFR{IHRe 08 A QiERGANRLFREréSs Bhe HRUKEAieWEN
fromthe |dea I n the plcture Is divided into a plurality of
10 the differential tone image. This invention is able to erase such discontinuity
across the boundaries of the differential image that would appear in a binary
picture.
[K. DIFFERENTIAL IMAGE MEMORY DEVICE]
The differential image memory device stores the differential image,
15 e.g. diff(x:, y;). The differential image is stored in the differentia.l image
memory device not region by region but as the whole of one picture. The
average tone image has been stored in the region data memory device. An
original picture can be restored by adding the differential image stored in the
differential image memory device to the average tone image stored in the region
20 data memory device.
[L. DIFFERENTIAL IMAGE DIVISION DEVICE]
A further contriva.ncé is proposed here for reducing the time and
the data for approximating the differential image. The picture has been divided

into regions having mostly similar tones, and the differences between the

25 original image tones and the average tones have been calculated in each region
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regions. It may be perhaps a possible alternate. Thi s

| nvent or, however, does not adopt such the way. The divided regions have a
great variety of shapes and sizes. The shapes are irregular in the
regions. The sizes are entirely random The boundaries are curved. Even if
boundary conditions were given, the conditions thensel ves woul d be very
conplicated. The boundaries are so conplicated that even two-di nensional
functions would not easily be cal cul ated under the boundary conditions.

It seems vaghefih. Net mag HS Sndtigaldicd | 455 okbfit8NEnd @5nd RRrdlitide o8 Mikfrential

i mage approxi nati on. this invention uses the differential inage as a

whole Wit %%%e dﬂPttthuxg&f ?P'r\éggqﬁf% | Fkgggﬁﬁémcgﬁ&ﬂsg 1;@93#%“%3%%9% h8§%e a

variation in e who ere o snal IS possible

to approxi %ﬁq%ﬁ%ayt ﬁ%@ H? 1d]:eH NGt {n??ﬁb ct)' 3}510@191[9% %.Jzﬂfe@ Erﬂﬂui Hlurality of

rect angl es, ow sinple ary conditions. IS of course

feasi bl e to, eagggﬁé)xiﬁﬁ thFkﬁ rtht(g_gg ag@{glgfel ﬁ;te!tnt% . sheet of the differential

i mage by two-dI nensi onal ons When the conputer is

capabl e of menori zi ngrg G S%Bawgy \%{E qg{a@’nott@%op‘e@ﬁlcﬁ He GbfT arRNdivided

|nage5should be appr oXi mat When the computer is

i ncapabl e o{ %&% |hggeaa I % wtofog agﬂetsa?rhd :sﬁh%s\l\'hﬂ]lg sggg% %ﬁ%rgh%r in

|nage canno e apprOX| a stre case ferenti al

i mage is diyjde ﬁﬂgo'ﬁneoéﬂ la'r'éyen%ire@?rrtahabm WHiERes AUl LBPLE,

g '?19@%
constant area. ese artlaF | mages are rectang ﬁaV|ng the sane sizes,

whi ch are cgl eg i %ﬁ m;ew@géf%@sm ik Jo%ra%aoa%etg@ngggms%s@s &V very

t wo- di nensi ona |ons ock i nce eac bl oc

73 approx gﬁggg byﬁ&%&ﬁ&@ﬁmﬁ!e ¢ B4 Ebh 8 enck Sl AGERCLRE dinTRsloha

subst-anti al ced. gen ure aving a
tone Var I atf rﬂ:%m‘ﬁ%rv%\ﬂdvﬂoq %s:ly be calculated under the boundary conditions.

It seems wasteful not to use the divided regions for the differential
image approximation. But this invention uses the differential image as a whole
without adopting the divided irregular—shaped regions. The tone variation in
the whole differential image is so small that it is possible to approximated by

15 low—-order functions. Four borders form regular rectangles, so that they allow
simple boundary conditions. It is of course feasible to approximate the tone
variation to a sheet of the differential image by two—dimensional functions at a
stretch. When the computer is capable of memorizing a great amount of data, the
whole of differential image should be approximated at a stroke.

20 When the computer is incapable of storing a large amount of data,
the whole of differential image cannot be approximated at a stretch. In this
case, the differential image is divided into a plurality of partial images which
have a suitable, constant area. These partial images are rectangles having the
same sizes, which are called "blocks". The differential tones are approximated

25 Dby two—dimensionai functions block by block. Since each small block is
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into bl ocks, there would occur "block distortion" at the borders of bl ocks.
But in this invention, the parts having intense tone variations in the
original picture have been absorbed into the average tone inage, and the
differential imge has a snooth tone variation. Basically, there are snal
changes of tones in the differential inmage. Therefore, the bl ock
distortion hardly occurs at the borders, even if the differential imge is
divided into a plurality of blocks. This is one of the superb features of

the presentg fk‘(ﬁ‘cﬂﬁ 4tQ8. by two-dimensional FufictiB¥ 8 HHeOprocasy@¢etime A8 Bubetaridiyed
out without dividing the differential inmage into blocks. The division into

a plurality.Qf,dalyocks is a contrivance for shortening the time of
calculation and for saving the nmenory. Therefore, when the curtail nent of

time is |less inportanis atdigethf HeitRRLI RdvinEPgGot G8toBe whrigiény were divided
approxi mat ed by two-di mensional functions without dividing into blocks. If

the differepihaliodiBdfetrs whiuld deeub Mbibdl aEE6rh'S 80 8he BoPUEES of bllscks. But
differential inmage nust be regenerated bl ock by bl ock and nust be

synt hesi zed;, itRi® iRPEnHLE! WhE PArtsCBBVIHNAntdriiRS tokey SFaridtiéme idli Yheictiginadl
synt hesi s |ncrease the processing tine, the time of processing is

curtailed 1&5?9 t?'la%%é’éri“a%b@fb&f m% ¥hola®erage tone image, &M theRHEFSTRRLIAL
BLOCK ME The differential tones {diff(x[err] ,

ylerr])}Q ajg&f 9&@@1 A ek tB¥e blaeﬁlemhn Bddi€a1t}, fthereaké amahl Ain g@etynes in
device, where q is the nunber of a block, an Q Is the total division

number  of b{:ﬁ)& kfirre Qéxﬁﬁ&l” Imagd. er’lfﬂe)ref'@%n&hhhmo‘éﬁoﬁﬁﬁtaﬂﬁl@n Ohardlg dcdurs § XBé
in the g-th block. The diff(x[err], [err]) is the differential tone of the

i-th borders, even if the differential image is dividéd into aRil¥fdlitiylofl B®cHs! IThis
bl ock. [ N. DATA APPROXI MATI DEVI CE] This is the
second1@ppr Qx4 RBb: Ok 5BpddY FedtD¥ENEE Ok préentiih6En@bR. | S
This invention, however, can be carried out without dividing the
differential image into blocks. The division into a plurality of blocks is a
contrivance for shortening the time of calculation and for saving the memory.
Therefore, when the curtailment of time is less important, the differential image
15 can be directly approximated by two—dimensional functions without dividing into
blocks. If the differential image is divi.ded into blocks on sending sides, the
differential image must be regenerated block by block and must be synthesized
into one picture on receiving sides. Even if the division and synthesis increase
the processing time, the time of processing is curtailed by the block division as
20 a whole.
[M. DIFFERENTIAL BLOCK MEMORY DEVICE]
The differential tones {diff(x:<, y;%)}Q are stored block by block in
the differential block memory device, where q is the number of a block, and Q is

the total division number of blocks. (xX:%, y;%) means the coordinate of the i-th

25 pixel in the g-th block. The diff(x;%, y;%) is the differential tone of the i~th
- .
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t he approxi mati on of boundaries by one variable spline functions. The
second is the approximation of tones of the differential inmage, where'the
tones are given by the function of two variables, e.g. x and y. Thus the
differential inmage shall be approximated by two-variable functions. Here,
guadratic spline functions are used as bases. O course, cubic splines are
al so allowable. S(x[err], y[err]) is an approximtion function of the
differential inage {diff(x[err] ylerr])}. The differential block is
expanded on quadratlc B-spline bases of uniform nodes (
[err]}. The]%%g%%#¥¥%1 g?ghggn that nodes are distributed uniformy wth a

common |nfterval on a 3ﬁbaﬂg‘?dﬁlyl¥ofﬁ4ﬁr§%€ﬁéﬁefore This function
es o Y, |

i ncl udes i ndependent varia s a sinple product of the

spline function in x ’lq'hE'?%tthgr%e%n&m%\?%idbﬂ?ﬁﬁheﬂﬂ*@r}nbgn’&om et A% one is

The spline base [err] OW ng equati on.

[err] the Spr-mﬁnﬂo%cgf gé&éﬁgtﬁﬁg 'b? ot rlgﬂfe W rfénc'f"l’l Qﬁond is

-S(x[err] y[err expand ases [err oW ng
equat i the t 4

The co ff| CI ent % lflrof%r rtﬁn OF tonﬁq’ r?ga{crhe o elrr?g%"lla%)ﬁmaé e’spllnlarrﬁee kl‘:)asczar}sesare glrvggl
nunbers. | 31t0 %lqggf t L e8fshall
base funct i 0 t%ﬁggﬂb%ﬁg I ock'T's 31 )eSchx:x{i]% Eﬁglsgggs&i#r%kéﬁg%lrlectg?osn

Iagda' s ng; Vigled HoRb el 6P Twolvyridhid m&vﬁon;\ 4od! QLbGrad | PBinkURGIdt s

are used as bases. Of éourse, cubic splines are also allowable. S(x:, y:) is an
approximation function of the differential image {diff(x:, y;)}. The differential

10 block is expanded on the two-variable quadratic B-spline bases of uniform
nodes { ¥ mn}. The uniform nodes mean that nodes are distributed uniformly
with a common interval on a subboundary, as explained before. This function
includes independent va.ria.bles of x and y, but is a simple product of the spline
function in x-direction by the spline function in y-direction.

15+ The spline base ¥ (X, ¥) is given by the following equation.

s s (-D)***(x—(k+m)/M)?.(y—(l+n)/N)2.
T nn(x,y)=(8MN)2 X = = (28)
k=0 1=0 (38-k)! (3-1)! k! 1!

The block differential tone approximation function S(x:, yi) is

expanded on the bases ¥ (X, y) by the following equation.

N-—-1 M-21

S(xi, y5)= 2 Z Can ¥ manlx, YJ) . (29)

nN=—2 mm=-=2
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pol ynom al, which has definite values only in three pieces. Suffix of mis
attached to the spline base expanding fromthe mth piece to the (m2)-th
pi ece. The paraneter mtakes integers from-2 to (M1), and the spline
bases from-2 to (M1) are necessary. The nunber of necessary bases is not
Mbut (Mt2). [err] mn is a direct .product of the spline bases in
x-direction by the spline bases in y-direction defined on (M2)(N+2)

pi eces. S(x, y) contains (Mt2)(N+2) spline bases. [err] becones a

different function WEHe thberfibisnts 06, HU 6PN EndhdEmbinatich Of fsptinerbaseEhere
di mensi onal nunber is, however, omtted for sinplicity. There

are al so t heasaEnvesehe £fd §0gdd dohetinSnhifbers lih . x-{difdction and W-Ajfdtidh, of
whi ch are unknown. The approximation of differential images results in
det er mi ni ngdseefurneidnisCi Bév&e, (dHeebldek. isThRriged ifitccMepiesed @f ardidecsbawdndl e
determ ned for approximating the differential inages as precise as

possi bl e. Tdieidapentfd Ni pidess {i6[ prdirketionabd & uafdratiki SplindEunbtibh eist a simple
di fference between S and diff 1is required for the given division nunbers

of M ahd N.polfioRist0efHitE| Réd SAdfali€s tdluedl enl§stn NHred PpijecedeSuffix of m is
predetermned criterion. If the coefficients {c[err]} do not satisfy the

criterion, dtbcrdvicstion spuibdaseMxpatdddPf@nl e RadeGidue Withe (n@)-tiSpiectD
(Mt1) and (N+1). The | east square nethod and the biorthonormal function

net hod are Phe asiiétenth Qaksd irftegeFrdTiinN 92 tHEMAPN 0 tHRL 4 MlIh S DRSS froantStf
differential inmages. Both nethods have been once described before as the

ways for aﬁm@&r@{écassatﬁye FHORAUNKE b fecddiarpiviseBas Qiot™M bl MBHRAN ¥ «a
met hod whi c has been contrived by this Inventor is superior to the | east

squar e net higda idirect product of the spline bases in x-direction by’6he splinedbigsezdin
the tinme of calculation. O course, the | east square nethod can be applied

to t hel@et ey-riipadtio deffirled] ohr [M+2)BRid) piddesbesexplpiceatainer @+2)[M2) spline
CALCULATION-OF Clerr] BY THE LEAST SQUARE METHOD] The | east

squar e net hegkeRas WEENbEdM Y BedifRREAt Guhtion when the division numbers M and N

are different. The dimensional number is, however, omitted for simplicity.

There are also the same number of coefficients {cm=n}. that is,

(M+2)(N+2), which are unknown. The approximation of differential imagés

15 results in determining the coefficients {cma}. The coefficients {cma} should be

determined for approximating the differential images as precise as possible. The

coefficients {cmn} capable of making the smallest difference between S and diff

is required for the given division numbers of M and N. These coefficients {Cmun}

are estimated by some ppedetermined criterion. If the coefficients {cm o} do not

20 satisfy the criterion, the division numbers M and N are increased by one, that is,

to (M+1) and (N+1). The least square method and the biorthonormal function

method are also available for determining the approximation coefficients of

differential images. Both tﬁethods have been once described before as the ways

for approximating the subboundaries. The biorthonormal function method which

25 has been contrived by this Inventor is superior to the least square method in
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approxi mati ng subboundaries. There is the difference in using the |east
square nethod between the subboundary approxi mation and the bl ock tone
approxi mation, that is, the boundary approximation is based on the
one-di nensi onal functions, and the bl ock tone approxi mati on nust use the
t wo- di mensi onal functions. The | east square nethod is used for obtaining
proper coefficients by mnimzing the sumQ of the squares of the
di fferences(errors) between the neasured val ue and the approxi mated val ue
in the coomddneingstbé tahmé ¢ xelcalatidenc®f course, [therleast square metQodscan be
defined by the above equation, where all pixels of the block inmages from?O
to | in x-cappliiedabehanttérminabionwfcinm }y -Bothrwiillnisd explatneatiteck. | x J is
the size of a block. Since the corner pixel of a block is overlapped, the
x- coor di nat €Al SARCULATOON @OFt O~ L -BY BHE ZEAST SQUARE. MBIHOB] t he opti num
coefficients (c[err]} should make Q mnimum the differentials of Q by all
the coefficients {c[efMhe} leshbulsqubee zewrethod has|[ &reeh explained before for
-77- [err] diff(x[err], y[err]) [err] mn(xi, :
ylerr])5 . (edproximating subbounderiedhoThergisthe diffhoénted orusing thelesstosguare
nunber mranging from -2 to (M1), and the division nunber n ranging from
-2 to (N 1) .methede wetereen M- Nsdpbeqhaironapprokimatidh) . ahdr rghe( xplek] , tone
ylerr]) and diff(x[err], y[err]) are known, so that

approximation, that is, the boundary approximation is based on the

one—dimensional functibns, and the block tone approximation must use the
two—dimensional functions. The least square method is used for obtéining
10  proper coefficients by minimizing the sum Q of the squares of the
differences(errors) between the measured value and the approximated value in

the coordinates of all pixels. Hence,

Q= 5 ;{S(xs. y;) - diff (x,, ¥:)}2 . (30)
1=0 J=0
Q is defined by the above eguation, where all pixels of the block
15 images from 0 to I in x~coordinate and from 0 to J in y—coordinate are added. I
X J is the size of a block. Since the corner pixel of a block is overlapped, the
x—coordinate is not from 0 to I-1 but from 0 to I. Since the optimum coefficients
{Cm=n} should make Q minimum, the differentials of Q by all the coefficients {cma}

should be zero.

N—-1 M-12 I J

z 2 ch E z ‘T pq(xi, yJ)‘q’ mn(xi: YJ)=

20 Pm—2 gmw2 {=0 4=0

_—
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they are (M2) (N+2)-di nensional sinultaneous equations regarding cq. Since
they are one-di nensional (linear) sinmultaneous equations, it should be
possible to solve them But it is not easy to solve this equation

i ncluding (Mt2) (N+2) unknown variables. If a block of the differenti al

i mage is small enough in size, that is, small | and snmall J, the
cal cul ation may be possible. However, if a block of the differential imge
is large in size, that is, | and J are large, the calculation is

difficult. Such the dlffICU|ty becgnes | arger as the division nunbers M and

N rise higher. Hgh Mand N brzngza&@f{;{”@@@ 200 yS) mul t gggous equati ons.
The approxi mation of different+als=6ones havi ng two- di mensi onal vari abl es

brings about a |ot ofpalRkBeuRAkicAl! KSdaRE BldTaitaRROHEmBRYal ireAgin St a
calculation nmay be possible by using a high perfornmance conputer with

| ar ge marm”—f%o I\g}nHaDBH& d@ﬁivéﬂiﬁaﬁﬁm%trhﬁq'ﬁ%@ﬂ% £r8mbe2 4se(¢9y. i There are

practice. OF USI NG THE BI ORT UNCTI ON METHOD]
The biort ho T)Lg}ﬁ}altgplslﬁ RY.(8Pst mact (}@igrg,g?ahdfdaff(ﬁ 7, $ 88k Mhown, so that
coefficients of a function expanded on spline functions w t hout '

or t honpr mal {{ ngmﬁ?(fl\lt&-bﬂ(ﬁﬁ%ﬁsmwgi Qﬂn@ﬂ:&é&?ﬁab&@&@s @%pAREINB0c 2. Since

arbitrary function by spline bases, are given by the integration of the

product of thg 5 fé"a bL@im kide (ﬁ%&ﬁseﬁnﬁtmonwéﬁmrsn@d shetiet b@@osm

t he bi orthonorma unction of the spline bases [err] mn(x, y) is shown by
[err] m n(Xgo ¥hive BEe Bt & ¥s nbtNakiOfb ¥bive Yikisi §q@m@ﬂdﬁ@u@m§RM+n¢(N+z)

bases [err] (x, y) by the follow ng
equation.  ynxhékhlvariables. If a.Tbﬁ:cﬁQﬁf’tfHecﬂﬁﬂéx%n%fa@ iflb¥€1s Rynan enough in size,
that is, sma.ll I and small J, the calculation may be possible. However, if a block
10 of the differential ifna.ge is large in size, that is;,- I and J are large, the calculation
is difficult. Such the difficulty becomes larger as the division numbers M and N
- rise higher. High M and N bring about 100 to 500 simultaneous gqua.tions. The
approximation of | differentiai tones having two—dimensional variables brings
about a lot of unknown variables and simultaneous equations. Such a calculation
15 may be possible by using a high performance computer with large memories, but
the least square method seems to be useless in practice.
[B. METHOD OF USING THE BIORTHONORMAL FUNCTION METHOD]
The biorthonormal function is an abstract concept for expressing
coefficients of a function expanded on the spline functions without
20 orthonormality. The coefficients, which are obtained by expanding an arbitrary
function by spline bases, are given by the integration of the product of the
function by the corresponding biorthonormal function. When the biorthonormal
function of the spline bases ¥ wna(X, y) is shown by @ ma(x, ¥), the arbitrary

function W(x, y) is expanded on spline bases ¥ ,.(x, y) by the following
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clerr]=S S [err] m(x, y)WX, Yy)dxdy. (33) On the contrary,
when the arbitrary function is expanded on [err] , the coefficients
{d[err]} are given by the integration of the product of the function by
[err] [err] [err] To establish the relationship that [err]
mn and [err] are reciprocally biorthonormal functions, [err]
Here, [err] mm is Kronecker's delta. Since [err] mn (x, y) is the direct
product of one-variable bases, [err](x, y) is also given by the direct
product of aﬁﬂbiﬁﬁriable bi ort honormal functions. Hence, [err], which is
two-vari able Iofthonormal function, is only the product
Merr](x)Merr](y) of a one-variable

-79- bi ort honormal function Merr] (x) by another one-variable

bi or t honor nal functiqp8$§%egrk§¥2&q§gg@{%npiorthonqggpl function [err] (X,

y) are previously calc ed and “stored i'n the menory as a table.
Wher eby two- paraneter coefficient c[err] can be cal cul ated easily by

The coefficients are given by
Cza= § § @ mn(x, yI)W(x, y)dxdy. (33)

5 On the contrary, when the arbitrary function is expanded on @ ; o,
the coefficients {d,<} are given by the integration of the product of the

function by ¥ ;4.
W y)= 2dec ® e (X, ¥). (34)
10 dea= § § ¥ oa(x y)W(x y)dxdy. (35)

To establish the relationship that ® mn and ¥ ma are reciprocally

biorthonormal functions,
S S T mn(xs Y) ] pq(x, Y) dXdY = § mp 0 na- (36)

Here, & mn is Kronecker’s delta. Since ¥ ma(x, y) is the direct
15 product of one—variable bases, ® (X, ¥) is also given by the direct product of
one—variable biorthonormal functions. Hence, ¢ 4, which is two—variable

biorthonormal function, is only the product M.(x)M.(y) of a one-variable

———
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the foll ow ng equati on. [err] Since [err] is surely varied
by the change of division nunbers of Mand N, [err] has plenty of nunbers
of different p, qo0 Mand N. In this biorthonormal function nethod, the

cal culation including the spline bases [err] mn(X y) is absolutely
unnecessary for the approxi mation calculation. Only the biorthonormal
function [err] is necessary. Actually, it is unnecessary to store the base
function of [err] in the menory. (But the regeneration on the receiving

si de. requi basrthbotas efnetihi M$xPbyl 8hédhdP Ble—variable biortNéRRmkh@unction
capacity of nenory is insufficient for storing [err] for every division

nunber of Mvang).NSuche Bitdaidatll Eubctichh@nQL, (Bl y)f ARChrdAoM4I9 dallcilsted and
stored in the nenory, and the produce of two functions, that is, Merr](x)

Merr](y) i storedliauhatsindryoss Mreble (x) and Merr](y) at the necessary
time. This way requires an extra time but alleviates the anpbunt of nenory.

[ ESTI MATI ON OF DI FFERENTI AL | MAGE APPROXI MATI ON] The
differential inage approximtion nmust be estinmated by the difference of

S(x, y) fromdiff(Xx, WheréSf two¥paranbitbt Cyeffidibnt &,3kea bOlcafulifed 451§ by
approxi mation at a pixel (x, y). The average squared error is normalized by

-80-  di vi dtRgdYouih@ doluakions the nunber of steps of tone. The tones are
guantized into (L+1) levels of 0, 1, 2. ..., L. The inverse of the :
normal i zed average squared error, which is denoted by "SNR', is a neasure
of the accuracy of approximation. The larger the SNRis, the higher the

accuracy of approxi matlQr: rg-gegirr fx,0f) &1 .Cak, yYdtdie keryr] ' is predeterm ned
for estimating the exactness of the approxination.
Since @ . is surely varied by the change of division numbers of
M and N, ¢ ., has plenty of numbers of different p, q, M and N. In this
biorthonormal function method, the calculation including the spline bases ¥ .
10 »n(X, ¥) is absolutely unnecessary for the approximation calculation. Only the
biorthonormal function @ mn 1S necessary. Actually, it is unnecessary to store
the base function of ¥ n. in the memory. (But the regeneration on the
receiving side requires the base functions of ¥ ma)
When the capacity of memory is insufficient for storing & .. for
15 every division number of M and N, the one~variable biorthonormal function M, is
stored in the memory, and the produce of two functions, that is, M, (x) M.(y) is
calculated from M.(x) and M.(y) at the necessary time. This way requires an
extra time but alleviates the amount of memory.
[ESTIMATION OF DIFFERENTIAL IMAGE APPROXIMATION]
20 The differential image approximation must be estimated by the
difference of S(x, y) from diff(x, y). {S(x, y) ~ diff(x, y)} is an error of the tone

approximation at a pixel (x, y). The average squared error is normalized by

—_—_—
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Nanely, the approxi mation of block tones is repeated by increasing Mand N

to M1l and N+1 step by step respectively until SNR > [err]'. [err]
When the approximation attains the accuracy satisfying the inequality of
SNR > [err] ', the calculation is ended, and the current M N and {c[err]}

are confirnmed as final M N and {c[err]} respectively. Wien SNR < [err] ',
the approximation of block tones is repeated by increasing the division

nunbers of M and N by one respectively until SNR > [err] '. e ' is an
i nport ant panaasieby o, Lrlulﬂh@gn&xhseﬁefrse&;!isnsﬁso&é trih@ tAPRE RfkMldrived into
[O COWPRESSED DATA MEMORY DEVI CE] The conpressed data

appr oxi mat i L[gl-ltilléfral’seéﬁ bah, kmage, ar eTﬁéltlﬁUErsef 6P hE hbréalided HiVedd g dRGuaRed
device N. The conpressed dat a menory device 0O nenorizes these conpressed

data. The cerpirewh@sh fdadandtealyidesiiie, x-dihvhsior tHERRurtity o @ pYprekiatioan
number and coefficients {c[err]} of every differential block. Table 2

denot es thergk 185 tHENR 3L A H Mg har@nsleRbaHadyof Hﬁpf&ﬁiﬁ&ﬁ&ﬁ Q4kesdak @ritical
menory device O.

TABLE &: Sl ¢53e0k THE &%E&%JEE @E%xﬁ&ﬁf@é hWelabhess of the approximation.
SUBSTANCE DATA S| ZE DI FFERENTI AL | MAGE ~ DI VI SION

SIUM\INBER'[S Nam&lyP%h8Sapproximation of block tones is repeatddEbl!ikkENERg M and N to
yt es '

M+1 and N+1 step by step respectively until SNR > & ’.

L2 (I+1) (J+1)
SNR = 10 log (38)
2 {S(x, ys5) = diff(x,, y,)}?

When the approximation attains the accuracy satisfying the
10 ineciua.]ity of SNR > ¢ ’, the calculation is ended, and the current M, N and {Cmn}
are confirmed as final M, N and {c,,_,,,} respectively. When SNR < & ’, the
approximation of block tones is repeated by increasing the division numbers of
M and N by one respectively until SNR > ¢ ’. ¢ 'is an important parameter for
ruling the correctness of the approximation.
15 {O. COMPRESSED DATA MEMORY DEVICE]
The compressed data approximating differential image are output
from the data approximation device N. The compressed data memory device O
memorizes these compressed data. The compressed data include the x-division
number M, the y—di_vision number and coefficients {cmn} of every differential

20 block. Table 2 denotes the sizes of the data that are stored in the compressed

data memory device 0.
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[ P. ENCODI NG

approxi mations) and the

DEVI CE]

The region data (the result of boundary

conpressed data (the result of differential inmage

approxi mati ons) have already been obtained through the steps hitherto.

These data are stored in the regional

conpressed data nenory device (0), respectively. It

these data, as they are,
side by sone transm ssion nmedium The gists of the
two above approxi mati ons,

differenti al

O herwi se, it

been used in the conventi onal

wi t hout additi onal

pr esent

data nenory device (1) and the

is possible to send

processing to the receiving
i nvention are
that is, the boundary approxinmation and the

i mage approxi mation for reducing the anount of data.

is also possible to conpress these data further and store
t he doubly conpressed data in other nenories.

way to reduce fraBIEs: ShZEQOFUME dlTdad@ THEUROGR APPROXEMATIORS al ready
or protectlng secret.

communi cati on systens f

Encodi

ng i s one

Encoding is ?.bsgl_u.t_el_y_d.L_t.f_er_enf fromthe nethod of the present inventi-on
maki ng use off the spline funggggmAﬁggr oxi mation. The mnpmgm’mat ion differs
fromthe encedi-ngfor-protecting ormation.The gncoded datafare able to

be exactly r¢
-82 - qual i
secret but al

of protectin

:C QIEFERENHEAT eMAtRET =..nxvxsrmmhamnm the 2bytes
. oot .

ty of data. Encoding ping t he
so in reducing the AnOORFFICIEGESA. The¢ engMNivygepliays a role
Y S-ect-et-5— aﬂdg raola r\‘FJD.DlIIf‘lBA dat o 3 Here1 th|s

o T —rgT uotran

enbodi ment enpl oys Huf f men' s encodi ng nethod or other encoding nmeans. Both

of the data,

the region data of (I) and the conpressed data of (0), are

encoded. The encodi ng{P.cENCOBING DEVIORBICessi ng tine. The receiving side
must carry out decode. The anpbunt of data is decreased but the

10

15

The region data (the result of boundary approximations) and the
compressed data (the result of differential image approximations) have already
been obtained through the steps hitherto. These data are stored in the regional
data memory device (I) and the compressed data memory device (0),
respectively. It is possible to send these data, as they are, without additional
processing to the receivirig side by some transmission medium. The gists of the
present invention are two above approximations, that is, the boundary
approximation and the differential image approximation for reducing the amount
of data. Otherwise, it is also possible to compress these data further and store
the doubly compressed data in other memories.

Encoding is one way to reduce further the amount of data. Such an
encoding has already been used in the conventional communication systems for
protecting secret. Encoding is absolutely different from the method of the
present invention making use of the spline function approximation. The
approximation differs from the encoding for protecting information. The

encoded data are able to be exactly recovered. Hence, there is no change in the
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time for processing is increased. The transmission time is reduced but the
processing tine is increased on both the receiving side and the sending
side. Therefore, the adoption of the encoding step is optional, which
should be determ ned in accordance with the purpose of the inmge

processi ng. [ Q ENCODED DATA QUTPUTTI NG DEVI CE]

The encodi ng device (P) encodes the region data (boundaries and
average-tone inmages) and the conpressed data (differential inages). The

encoded dat gueulydut Hbbd BRYSER (1D efLtvd Dot BA1L IS adRgilatRe bdcrt 3RitidSo of
bit trains. It. is inpossible to decode the encoded data as |ong as the

means of  dpcAgiRg the ARSudOBPda0Mt TOR SAGIIRE PIUYES PQl'étof ﬁh&e@ﬂﬁ‘gdéé&-ets
plays a role of protecting the secrets. ENCODED DATA

MEMORY DEVI £EJ & role of reducing dfa€ncoded data menory deV| ce (R) nenorizes
the encoded data outputting fromthe encoded data outputting device (Q.

The data menorized i ngetdlitgid@Mb6ainddt @xﬁﬁloQHtI-R}ftfméﬁ Perflih £hARIRBE RMer
the outputting order. The devices from(A) to (R are a series of devices

of inpsittingn@dihgt Hbfns. BRERESEA ARl Eh AR BEtaZbN¢)t 84 @Ak &ompressed
Furthernore, sone devices for processing the data are necessary to

transmt thgadata {d )Orgﬂeh%n§@égii neryd @ﬁcé@mg requires the _Frocessmg time, The
- 83 - t he receiving side. [ | ON DATA PRODUCI NG

DEVI CE] receiving sidENBuSORIRNY &@d hedpddat @h@ra(ﬂ@tkﬁ't'?ﬂ’ ARYiisderbadec BN ERS
the encoded data to communication data. The conventional structure of

comuni calt | gihelgd:2 Jrdcdithl ol frorbhed SHEridinisbRRSLGHTH 1188uLEEMB I Ene

encoded data to thé communication data. In general, this processing is

carried OUL GdHsQR ki 1o/ n%feﬁsé@%%%oﬁh%h@%@&%@%@e Tl oW 8ehdRg SR

an error code,
10 Therefore, the adoption of the encoding step is optional, which should be

determined in accordance with the purpose of the image processing.

[Q. ENCODED DATA OUTPUTTING DEVICE]

The encoding device (P) encodes the region data (boundaries and
average-tone images) and the compressed data (differential images). The

15 encoded data outputting device (Q) outf)uts the encoded data in a series of bit
trains. It is impossible to decode the encoded data as long as the means of
decoding is not found out on the receiving port. The encoding plays a role of
protecting the secrets.

[R. ENCODED DATA MEMORY DEVICE]

20 The encoded data memory device_(R) memorizes the encoded data
outputting from the encoded data outputting device (Q). The data memorized in
this device (R) are output at a desire_d moment by the outputting order. The
devices from (A) to (R) are a series of devices of inputting a pici_:ure,
compressing data and memorizing the data. Furthermore, some devices for

25 processing the data are necessary to transmit the data from the sending side to
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and the other flag ends the data train. The first flag is a starting
signal, and the last flag is an ending signal. The error code is annexed
in order to detect an error on the receiving side when noi se happens to
occur during the comunication. If the signals including noise are sent as
they are to the receiving side, a picture in error is reproduced on the
receiving side. To avoid such a mstake, the receiving side is able to
detect an occurrence of error and returns a request for sending the sanme
data again é@ rteggivgggqgw si de. [ [err]. COMMUNI CATI ON DATA
TRANSNITTIﬁ The communi cation data transmitting

device ( [err] ) trar[an ESMMUNICAION Al PRODOBING DEVIOE] I ecei vi ng si de.
The conmuni cation data transmtting device is |ike a conmunication nodem

shown by Fig.l. Such g,£0 ﬁﬁﬁfatﬁaﬂ dmdeprbsudfageRaioe Ve )t khanges the
comuni cation relies upon tel ephone Iines or exclusive lines. The digital

signal s obt é&%@dby &acogi NGoptsinibRishanges. t orhanabeerdignal Sstiracture cofse
of using te ephone I nes. Therefore, a digital/anal og conversion device is

reqw d at gmguﬁ,gaa?,geaquswah@ t?% 80Bh6RE Yehd heansiiraratvaefyémgthe
0g e

si de eeds an an i gital conver5|on vice for changing analog signals

to digital datio ﬁgtaaVﬁU@HE?ala%hﬁ FEUERLMIgCHL dariried
nediun1be5|%§;%felep onegﬁgﬁégmgﬁl er l'1 nes. gV\hen an op%lcal

-84 - fibeg J g L @é}%& b ANROaLA %ecmghctﬂth(?aﬂ&@taaﬂaé hAdsensing dade

(side) reqU|res an conver si on nDdu e having a sem conductor |aser or

o LD U #A% RBSRhBL B0 HAE ROl 08 Yrath ! BlEPELR: Bl 8 SCraiti] Smldien

Wrel ess t PAASHT S50 T res ot ces exanpl e, a nodulator, a

transm el uflflst 300 o Qﬁdx!n%ﬁﬁlggglusfﬂg'e?gorsb&f@issarﬁ(bxtehﬁncﬁ*drebe deBYESan

nodul at ed by | at 1 on, phase shift nodul ati on and so

on. Copyent é%@' oSG UEIARE |afUivhehN IO CREPEESs |8 odeiuaClduiking ToRe
conmmuni cati on nedl a
communication. If the signals including noise are sent as they are to the
receiving side, a picture in error is reproduced on the receiving side. To avoid
such a mistake, the réceiving side is able to detect an occurrence of error and
returns a request for sending the same data again to the sending side.
15 [ A. COMMUNICATION DATA TRANSMITTING DEVICE]

The communication data transmitting device ( A ) transmits the
communication data to the receiving side. The communication data transmitting
device is like a communication modem shown by Fig.l. Such a communication
modem is necessary when the communication relies upon telephone lines or

20 exclusive lines, The digital signals obtained by encoding must be changed to
analog signals in the case of using telephone lines. Therefore, a digital/analog
conversion device is required at the data—sending side. On the contrary, the
data—receiving side needs an analog/digital conversion deVice for changing

analog signals to digital data. An optical fiber is also available as a

25 communication medium besides telephoné lines or other lines. When an optical
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send the conpressed i nage data fromthe data-sending side to the

dat a-receiving side. The devices from(A) to ( A ) are necessary on the
dat a- sendi ng side. The followi ng devices are installed on the
data-receiving side. The data-receiving side carries out the processes
reverse to that of the data-sending side. Therefore, the reverse
processing on the receiving side will be briefly explained. [
[err]. COVMUNI CATI ON DATA RECEI VI NG DEVI CE] The conmuni cati on

data recei gy deVig (fof Sérahshittid Ndninhurticaion @dta, tthe deddingeaeiei (side)
si de devices. The conmuni cati on data receiving device ( [err] ) is simlar

to a comuniGatldNa RISt vdistbnl modul Ravingas isehycdifductom sasertdman LI Des
are enpl oye(?' in accordance with the transmtting nedia. That has been

described i;8 L,BgsiBhOUS %QEt h8H. oriPer@ral Red@BNYuki Blk® Gfirdlass mediei viWhrpless
devices. The communi cation data.receiving device ( [err] ) suitable for

the medi umghouhesbih re@lired othér HeGRIY] P Sidifple,lh@cdaldton) agraiemittes srde
equi pped on the receiving side. The data-sending side prepares individual

devi Cgf COrd LYRONEIrNGhelcln 826dhaiff Sirais esithg shfidleflevhees mditlaidd by AM
possi bl e to provide one device capable of doing both operations of sending

and recei vi ngqdiatAn QM | fEhuftRA! SKARSEhH% ABduLRMH kad 80 &I.E Gmiveativneh
nmodul e having a phot odi ode and an anplification

- 85 - CifouhlqudRIMALARSSLENYrEcsAEs! Mtd sheirbibel ats cohmitdisanthrl ateidtm,
.FM nodul ati on or PS nodul ati on. Anal og signals via tel ephone |ines are

reversed toge i 9kh@! 3nPPaksed image data flom ERCOEER:-BRAIMANPEIdE N the
DEVI CE] The encoded data inputting device (S) reads and stores

the enCOdegaﬁaP@ceripﬁitg haye b_?ﬁ@ §6cRbY bRy (Whets qQMauni £7d ineBesigiry on the
recei ving evice ( [err] ) and have converted to digital signals, if
di gitalo si 9¥aSsBR@in@"ERle. The following devices are installed on the d-a.ta.—receiving
side. The data-receiving side carries out the processes reverse to that of the
data—sending side. Therefore, the reverse processing on the receiving side will
be briefly explained.
[ ®. COMMUNICATION DATA RECEIVING DEVICE]

15 The communication data receiving device ( @ ) is the first one of
the data~receiving side devices. The communication data receiving device (@)
is similar to a communication modem of Fig.l. A great variety of transmitting
devices are employed in accordance with the transmitting media. That has been
described in the above section. There are many kinds of data receiving devices.

20 The communication data receiving dévice ( ® ) suitable for the medium should be
set on the receiving side. The following devices are equipped on the receiving
side. The data—sending side prepares individual devices corresponding to each
of data—sending side devices, but it is possible to provide one device capable of

doing both operations of sending and receiving data. Optical fiber transmission

25 requires an O/E conversion module havihg a. photodiode and an amplification

!
84 -
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converted to anal og signals. [ T. DECODI NG DEVI CE]

The encodi ng device (T) decodes the encoded data fromthe encoded data

i nputting device (S). The decodi ng net hod nust correspond to the encoding
met hod. If the decoding nethod is unknown, it is inpossible to know about
the content of transmtting data. Hence, the data cannot be decoded

wi-t hout the pertinent decoding software. Thus the information is kept in
secret to the third party. That has been nenti oned above. The decoded data

include Dbogirchfte dddiuestral isAknhldRgGRqddied Andehb&ulabstt O8R! AMaibduddodavy -
the same form as the data stored in the conpressed data nenory device (0)

and the regh@@@iatmﬁa&aPBﬁﬁm{\MaQSM ' Qﬁqaﬁéé signals via telephoné WineB! dreERFIFM to
BLOCK REVI VAL DEVI CE] he differential block revival device

(U retrievegighfdigsaerial inmages fromthe conpressed data ( differenti al
| mage data) that have been encoded. The conpressed data contain the

x-division nunber M tdheNcobRS BAPA INPEIeNGYEVIGE he spline coefficients
{c[err]}. The differential tones S(x[err], y[err]) at each sanpling point

(x[er rb ylerr]) in arkéoglciicd V&EGWQEQYdevme (S) reads and stores the
- 86- [err] The spline base functions N err] have

al ready beegndgidd @Bed thRtthadel beeRer&eldd A tR8akdmMEARAELAN data receiving
The differential tone blocks are revived bl ock by block, and all the
device ( @ ) and have converted to digital s1gnals, if digital signals had once _
converted to analog signals.
[T. DECODING DEVICE]

10 _ | The engoding device (T) decodes the encoded data from the
encoded data inputting device (S). The decoding method must correspond to the
encoding method. If the decoding method is unknown, it is impossible to know
about the content of transmitting data. Hence, the data cannot be decoded
without the pertinent decoding software. Thus the information is kept in secret

15 to the third party. That has been mentioned above. The decoded data include
both the differential image data and the regional data, and have the same form
as the data stored in the compressed data memory device (O) and the regional
data memory device (I).

[U. DIFFERENTIAL BLOCK REVIVAL DEVICE]

20 The differential block revival device (U) retrieves differential
images from the compressed data ( differential image data) that have been
encoded. The compressed data contain the x—division number M, the y-;division
number N and the spline coefficients {cmn}. The differential tones S(x:, y3) at

each sampling point (x:, y,) in a block are represented by
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pi xels in the picture gain concrete differential tones. Such the
differential tone revival operation is practiced for all the blocks of Q
[ V. DI FFERENTI AL | MAGE RETRI EVE DEVI CE] The differential inmage
retrieve device (V) nakes the entirety of differential inages by
assenbling the retrieved differential imge blocks |engthw se and

crosswi se. The differential imge has so snmall tone difference and so
smal | variation of tone difference that there occurs no bl ock deformation
at the joining margi ns when the bl ocks are connected. Wen the entirety of
differential inmages has beenngp&gfinated at a stretch wthout dividing the
differential imges igt0 phocks t he t a- yng si@ey the whole of
differential inages sha ’I“Pjt%en%ei gj-eyga‘ng? '“a“@rr*’g‘ﬁe by (?’h)e devi ce uni fying
both the differential block revival device (U and the differential inmage
retrieve device (V) on the receiving side. _ [ W CONTI NUAL TONE
| MAGE REGENERATI ON DEVI CE] | The continual tone inmage -
regeneration device (W retrigvesga CoRti@RUA kY, )changi pgoyt one i mage by
reviving an average tone i nagerz adzby '

1 8 AUG 1998 - 87 - adding the average
tone picture to the differential images that have already been obtai ned.

The regeneration of thge a¥AHAIALHAITRIN ] hatalicddyBenDifchtibned  BpSwi
retrieving the subboundaries fromthe encoded regional data, joining the

subboundar i gg ckPianPHRRA h&BatidRKi N regions encl osed by the boundaries
and painting the regions with the average tone. The

regengration of boundapi @frfeserioned B1aekE Ak Pek RS beRE by Beddk, anfdeall the
i nterval (subboundary) to be retrieved is denoted as [0, T] which shows

the whol e | SB&H‘HPE}B@ pRMRRR UNER SN L Paet didferbhfif) tdtiekl Gk HPVhEFRSH DI Rbse
and turning points by T. Since the subboundary is expressed by an
i ntermedi at ¢, PRLATEL Bkionisd0GRt128H 6P NaHRMHc kot Be actual length of the
[V. DIFFERENTIAL IMAGE RETRIEVE DEVICE]
The differential image retrieve device (V) makes the entirety of
10 differential images by assembling the retrieved differential image blocks
lengthwise and crosswise. The differential image has so small tone difference
and so small variation of tone difference that there occurs no block deformation
at the joining margins when the blocks are connected. When the entirety of
differential images has been approximated at a stretch without dividing the
15+ differential images into blocks on the data—sending side, the whole of
differential images shall be retrieved at a stroke by the device unifying both
the differential block revival device (U) and the different'iél image retrieve
device (V) on the receiving side.
[W. CONTINUAL TONE IMAGE REGENERATION DEVICE]

20 The continual tone image regeneration device (W) retrieves a

continually-changing tone image by reviving an average tone image, and by

.
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subboundary. It is possible to determine T as an arbitrary length or as a
constant | ength. Parameter "n" is the division nunber of
spline functions. Alength of one piece is T/n, and nodes are shown by
MI/n (Mis an integral nunmber from O to n). The spline base N err] of
approxi mation functions at each sanple point t[err] has definite values
only in the three pieces frompT/n to (p+3)T/n, and has a peak at
(p+3/2)T/n. Nerr] is the sinplest quadratic function having definite

val ues in 4dHiRe fHeLaPsraddetone theturdfl €d Xhé differbRtib] imsga@nthitetavélencendy
t[err] is shown by t for sinplicity, and T/n is denoted as [err].

[err] been obtained. The regeneration of the avéfkge tone imagel[i€kh}ried out by the
It seens difficult. But the above is the sinplest quadratic equation. The

coef fi ci ent ek ®fofdtyidveagithedsdbdiaidasies vt eRadincbaad treationdielatanidining
itself and the first differential are continual at the nodes and the

integral isthk sudbfigfiavid®Pinto BHGIda@ s, tiken BaRBidtEeenl0sedPYT the bain duries
boundaries and differential imges on the data-sending side. The concrete

form has begty peiiidd s rbgoasageh Bhbyuvehanotde.the forma little. The
dat a- sendi ng S|de has used the sane function. Since base functions have

paral I el displ ace”ent’rhé)i‘@é@{»'xéyatl&h%tf bSun&h8E£ [ikt dorre MyerthE(folloviflg, st@k.
of the base functions are sinply given fromNo(t). Since the coefficients
{lerr]} of hase fH&ide2081 IBWbSEhdary) to be retrieved is denoted as [0, T] which
shows the whole length of a subboundary (partial line) divided by branch points
and turning points by T. Since thé subboundary is expressed by an
10 intermediate parameter, T does not correspond to the actual length of the
subboundary. It is possible to determine T as an arbitrary length or as a
constant ien gth.

Parameter "n" is the division number of spline functions. A length

of one piece is T/n, and nodes are shown by MT/n (M is an integral number from

15 ‘0 to n). The spline ba.se'N, of approximation functions at each sample point t:
has definite values only in the three pieces from pT/n to (p+3)T/n, and has a

peak at (p+3/2)T/n. N, is the simplest quadratic function having definite values
in three pieces. Here, the suffix i of t; is omitted. Hence, t; is shown by t for

simplicity, and T/n is denoted. as A.
20 No(t) =0, t=spA . (41)
N(t) =05 A 3(t-pA)3, pA<t=s(ptl) A . (42)

N=(t) =0.75 A =3 A 2{t—(p+1.5) A }?, (p+1) A <t S (p+2) A . (43)
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t he subboundari es are known fromthe received regi onal data, the boundaries
are given by the foll ow ng equati ons. [err] The

revi ved subboundaries, the readout turning points and branch points build
up boundaries. Regenerated boundaries define regions. The regions and the
readout average tones construct the average tone image. A sum

- 89- of the average tone image and the differential tone inmge revives
the original picture. . [ X. CONTINUAL TONE | MAGE QUTPUTTI NG
DEVI CE] Al'l the paranmeters specifying the continually-changing

tone i mages have been cal cul ated and regenerated. Finally, the revived

i mage nmust be out putNi(Q) a d_:@gc;:qr(&j)ogmtpy, (543) £ +33 Hrinkey and so
on, on a sheet of paper or cloth. Further, it is possible to use other

different outputting systens according to the purpose. It is of course
possible to regenerate a picture in an original size. Since the picture is
regenerated by cal cuI@“tgrg o,it ('b$3)f gasgitbl e(4xy enlarge or reduce the size
of picture. It is desirable to use a large printer or a wde cutting
plotter for enlarging the object picture. Further, it is possible not only
to print on a sheet of paper by a printer but also to cut a sheet in

patterns by a cutting Jllt@brici! HRM{HR fbovielisitheREf piddt & da@ rotit Rigluation.
enl arged picture

' The coefficients are only required to satisfy the condition that the function

5 itself and the first differential are continual at the nodes and the integral is 1.

These simple functions have been used for_a.pproximating boundaries and

differential image's on the data—sending side. | The concrete form. has been

explained here again by changing the form a little. The data—sending side has

used the same function. Since base functions have parallel displacement

10 symmetry, that is, Ny(t) = No—o(t~ A q), all of the base functions are simply

given from No(t). Since the coefficients {c«», Cv»} Of base functions showing

the subboundaries are known from the received regional data, the boundaries

are given by the following equations.

Sx (ti) = nz_l cx» Np (ti) | . (46)
15 sy (t) = ngl Cyp Np.(ti) . (47)

The revived subboundaries, the readout turning points and branch
points build up boundaries. Regenerated boundaries define regions. The

regions and the readout average tones construct the average tone image. A sum
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on a large image displ ay. For exanple, a layout editor, which
can reproduce images in size froma small 1 mmx 1lmmsquare to a w de,

|l ong rectangle of a 90 cmwidth and a 16 mlength, can be adopted for
regenerating the object picture fromthe coefficients of the spline base
functions. The reproduced picture is output, e.g. by a post-script printer
endowed with a resolution of nore than 600 DPI. The
nonochromati c continual tone picture can be input, conpressed, nenorized,

regener at ed ofittle GilieRbife RYné Hagde \WnE Shé AAfPelrdtillotdnd) imdddretines tiReoriginal
explained. If.the original picture is a color continually-changing tone
one, the coltupkcture is solved into three or four conponents (prinmary
colors), and the continually-changing tone treatnment is carried out for

each conponent col or [X.TteNENUY A TORE Weice serdumyrINgdsEVIeg)i res a col or
resol ution- -90 - device for

resol ving the col or piAGliNeCparimeteRy 8h&dif PinlgieycdiRifiallyi-ehihging €dhe infdes
ot her hand, the data-receiving side needs a col or synthesis device for

synt hegi zi Ngat/Benéds Yat@tdatifd NRIGY re@bRErdtba! UFAially | NGRe rdoMicae Smikd Imd& be
explained later in detail. [ Y. COLOR RESOLUTI ON DEVI CE]

The col or reaphitl kP dENERe (FErmCBY, ESSk¥RpR, @ObPINtBE Gnldl So iohl @n & WHeRD Tt
color pictures (primary colors). ere are several ways for resolving a

col or pict UpRpkR? IGIRORERtheF) ROBNE ¥R leGoRi &l sUhe s diffePestCbutPuttinty SBstems
primary colors RGB (red, green, and blue) has been w dely enpl oyed for

m Xi ng- | i ghlacésdding @8rERGNAIKpdREC tIYIi6 ofl dbuPsd poakit1e doGRigehepitetdiptluirden an
color television display or col or photographs. Hence, the original color

picture is organblVede Ndifct Rheepietitd idI2bk¥néiaa8QiH0 chRGatis I8 Steakital to

I's, an R continually-changing tone picture, a G continually-changi ng tone

pi ct ur gpand edlarge or reduce the size of picture. It is desirable to use a large printer or a
wide cutting_ plotter for enlarging the object picture. Furthef, it is possible not
only to print on a sheet of paper by a printer but also to cut a sheet in patterns
by a cutting plotter. Furthermore, it is possible to output an enlarged picture
on a large image display.

15 ' For example, a layout editor, which can reproduce images in size
from asmall 1l mm X 1lmm square to a wide, long rectangle of a 90 cm width and a
16 m length, can be adopted for regenerating the object picture from_ the
coefficients of the spline base functions. The reproduced picture is output, e.g.
by a post—script printer endowed with a resolution of more than 600 DPI.

20 The monochromatic continual tone picture can be input,
compressed, memorized, regenerated and output by the devices from (A) to (X)
that have been explained. If the original picture is a color continually—-changing
tone one, the color picture is solved into three or four components (primary

colors), and the continually-changing tone treatment is carried out for each

25 component color. Therefore, the data-sending side requires a color resolution
89 This Sheet Has Been Replaced
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B continual | y-changi ng tone picture. The conponent pictures are treated
sinmul taneously in parallel or successively in series. The RGB
resol uti on, however, has the drawback of a strong correlation anong R, G
and B, which is not much suitable for encoding. Oherw se, the other three
conponent resolution to primary colors YW is a better alternative. The
YWV resol ution which has been often utilized for color information

transm ssion i s based on three conponents Y, U and V that are given by

near | y- ort hageiral folri reaalviagnitenadlbp sicireRintG s8v@rEl primdry soloassictires. On
original picture is resolved into three continually-changing tone pictures,
that is, athe GRREfr Meld, yeHh daga-1@cbiMiRg PsideUhBedf alUc6it sivetdsys cleaigs for
tone picture, and a V continually-changing tone picture. Since the
original cokpntheBizihgr €hé SrésRved/ efrindiry tdblcre piletlaRal OMiieisé devices will be
continual | y-changi ng tone pictures

91 of Y, bkplathed laeércth aetagchr omatic conti nual | y changi ng tone picture is
treated sinultaneously in parallel or successively in series.

In the-case of color py.icdLORREEQUUTIIONDEWICEQI or conponent resol ution
CWYK (éyan, magenta, yellow and bl ack) is used for reinforcing black tone

in the color printingThdhélb®Wesplitifl Yie&NUeO(YPi deinlir@Sol@keea i dildt pictudel it
i ndependent i nage processing devices which have entirely the same system as

shown in Fi gohpéterdth&osdn dpidgutdsd & prifi€rya pEs1oxs)Tat Tidret rrat senbrandvdyze for
encodi ng treatnent are done in every conponent. The four sets of conpressed
i nf or mat i onrédcdvingaasdblos eficfureniritbecsipdheirntloNgelfroiatico pidtardat arhe set of
receiving side. [Z. COLOR SYNTHESI S DEVI CE] The

icol or synt heside PEMiare ddloRERABN(Hdde giaba; bAACh NN thas B6eri Widalydaiiplogeddat
with a color picture. Al the continually-changing tone pictures of
10 mixing light color component pictures into a unified color picture like color
television display or color photographs. Hence, the original color picture is
resolved into three continually—changing tone pictures, that is, an R
continually-changing tone picture, a G continually—-changing tone picture and a
B continually-changing tone picture. The component pictures are ﬁreated
15 simultaneously in parallel or successively in series.
The RGB resolution, however, has the drawback of a strong
correlation among R, G and B, which is not much suitable for encoding.
Otherwise, the other three component resolution to primary colors YUV is a
better alternative. The YUV resclution which has been often utilized for color
20 information transmission is based on three components Y, U and V that are given
by nearly-orthogonal linear combinations of R, G and B. In this case, the
- original picture is resolved into three continually-changing tone pictures, that
is, a Y continually-changing tone picture, a U continua.]ly—changing. tone
picture, and a V continually-changing tone picture. Since the original color

25 picture is resolved into three monochromatic continually—changing tone pictures
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the col or conponents are regenerated. The col or synthesis device

synt hesi zes these nonochromatic continually-changing tone pictures of the
primary colors and outputs a color picture. The synthesis nust correspond
to the resolution. Sone out putting machi ne can synt hesi ze these
nonochromati ¢ continual |l y-changi ng tone pictures automatically into a
unified color picture. In this case, the color synthesis device (Z) can be
omtted. The devices from (A to (X) can deal with a

ToNOCHT OBt 40y, §0MMd BT ShARE B0 NEnk LMY Sondh A Honl SIEHE BAEag

treated by the “deviceés st outputting systemw

expl ai ned. s?kn’ﬁ‘ft%n@ou?l'yclh%&ahlﬁl Hfg%b@s%‘fv@i nogfddLcients of the spline base

functions, arbitrary enlar and reduCtion are available. Further, it

i s possible to allot hl rc?aQE BRI | PEnPARET £h8rt BRiANaY ZCQIHIalcomponsat

direction and the ver

directi on. 6&"&54%( gctya.ns np%seﬁg R iy ' ﬁﬁ'ézg QQSS%’%P PORkSiRk il

picture at arg rary "posi'tions fore an ar

cont | al | Vel ANOLI0 bANCHRLGT Bl BSLHGI-A0LY @9{&6959&;&56&98&%%0 our

characters an soonits a I'n"an arbirtrary position and an
arbitrary s S

mount ed | n SOEBRBGEL: MR AT %@%ﬁ%ﬁ*&%&% %xﬁﬁ%&g%%s%e Frgen o
pr ogr am usi fg, G4, RpgUage side. [ PREFEREERLFXANR EER, VERLFHNG
EFFECTS] ?ngortee} stegdé?( mne tﬁe pe rmance o Ee present

Lnventl o, sl etatne! deSably GO ORy ISnBRRERET 11 Al ootk D alRess e

an exanple o I nual T'y-chan tone €s an

NS. G.Ot hi c f@?ur il Oc?r?,p.&?é%ﬂ%&t@%d E!r@ﬂ?t%be; 85'& P% &fﬂr e§ide #tgtﬂe (d%)ca—s r}?x&vir{?

original pi cture o

"lerr ]]:'0 side.

[Z. COLOR SYNTHESIS DEVICE]

The color sy_nthesis device is set in the data-receiving side in
order to deal with a color picture. All the continually-changing tone pictures of
the color components are regenerated. The color synthesis device synthesizes

15 these monochromatic continually~changing tone pictures of the primary colors
and outputs a color picture. The synthesis must correspond to the resolution.
Some outputting machine can synthesize these monochromatic
continually-changing tone pictures automatically into a unified color picture. In
this case, the color synthesis device (Z) can be omitted.

20 The devices from (A) to (X) can deal with a monochromatic
continually-changing tone picture. A color picture can be treated by the
devices fror.n (A) to (Z). The last outputting system will be explained. Since a
picture is memorized as coefficients of the spline base functions, arbitrary
enlargement and reduction are available. Further, it is possible to allot

25 different magnifying power to the horizontal direction and the vertical
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[A. EXAVMPLE 1: G RL] The present invention enables a paraneter
to prescribe the quality of a revived picture. The experinent result is
shown when the quality of the original picture and the quality of the
revived picture are set to be 30 dB (p-p/rnms). Wien the picture is encoded
keeping the revived picture quality of 30 dB, the bit rate show ng the
anount of data was 1.98 (bit/pixel). Since the original picture is
expressed by 8 (bit/pixel), the data is conpressed to about 25% It

becomes abo ;&El gc?-.? gxg 35@ ftf_h} Sr]zsng%ﬁ Sféaig‘g%c%g%% 1le FoRhdicatbithl do%r&ﬁfit‘t!@@ @f tt:ﬁe tfi€ure

actual anou tes are the anount of

‘actually sept (b)ﬂﬁé\"% er?'ds‘; ?QQ_OdJPEQr&‘o}é 3 a?gﬁggd%t Jrﬂ.]}r]'umbt'%hﬂ-ﬁgmé Stone

There are V I hes t1or transmtt

telephone 11 Q&%reelxn%&&'ém PoildgS piRARSE ouchl & Q%Q@gctagg 7 8- orTe ablaTBS be

93 necessary in transmi eren a tel ephone

line is wused, f exa a s installed in a
per sonal cor?puPuP thraﬁsg\ﬁogﬁ%%gg %ﬁas%tsr\sé?g%qzsépeed of 28,800 [bps].

[ Lhig modem | s usedwhe apd P GRer R 8IS 1l RIS B o ABUREI 4 %5 Bl piteR

of 20,600 bytes of the picC e Udra: recei vi ng sid

Ela\g/: Lgl ae)églrﬁléallﬁ'\/%‘alt : on s?e@g( ?T%@%Z%SJ [ bpsbl?@sé_gs%(}{fc&%g egi‘% ggts fggur

seconds to tlﬁgg n%étl ng the sane to the counter part. Digital
pocket tel epho nj oys a communi cati on speed of 9,600 [bps]. Wen such a

di gital pocket tel ephﬁgﬁg P@@dﬂ&ﬁfaﬁ%ﬁﬁfﬁmﬁﬁﬁ transmtted

to the counter part secon a) shows the

regener at ed pl cture Or}nt grederre OeleJ\éé. A S{',l'ge %mak%g%gq:rh%ﬁsghgm&ﬁén the

faithful to the original "picture. | set
10 method of this invention is applied to (A) "SIDBA/GIRL" as an example of

continuelly-changing tone pictures and to (B) " & " in the MS Gothic font as an
example of binary-tone pictures. Fig.7 (a) shows the original picture of "GIRL",
and Fig.7(b) is the original picture of " & ".

[A. EXAMPLE 1: GIRL]

15 The present invention enables a parameter to prescribe the quality
of a revived picture. The experiment result is shown when the quality of the
original picture and the quality of the revived picture are set to be 30 dB
(p-p/rms). When the picture is encoded keeping the revived picture quality of
30 dB, the bit rate showing the amount of data was 1.98 (bit/pixel). Since the

20 original picture is expréssed by 8 (bit/pixel), the data is compressed to about
2.5%. It becomes about 129761 bits for example 1 "GIRL", which is reduced to the
actual amount of data. Less than 20000 bytes are the amount of data actually
sent, when error encoding bits are added. Here 1 byte= 8 bits.

There are various kinds of lines for transmitting data, for example,

25 telephone lines, exclusive lines, pocket telephones and so on. The times

92
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of the quality of picture but a 40 dB quality of picture is also avail able.
Fig.9 shows the revived picture in the case of a 40 dB quality of picture.
This is nore faithful to the original picture. There is no inferiority

t herebetween. Fig.8 and Fig.9 are the sane as the original picture in
size. Further, the present invention is capable of enlarging or reducing
the size of picture. Fig.10 (a) is a revival picture in a
reduced size, Fig.10(b) is a revival picture of the sane size, and

Fig.10(¢) isecRsks&d YR!trahShitifd Rr8NdfRRNISGr fkdf. AmerhaMElephékEIRe is
figures, pictures are freely reduced or enlarged because these pictures

are provid Y | t C ¥R BdY in aeS&RRNal hdplte:
pi cture byelgsaell?l ¢u g'ﬁ} %ﬁl%?%’g%ns% e a%gnlg?&é%%’egh%?im me F%i EX,%\IVPLE

2: [err] (B|NARY JWEh% EtHRRdission s?eed of 28,865‘€{b§§i.n119\5'ﬁﬂ01'§§d@(ﬁ ik RRded, it

present invention 1S the processing O conti nual | y-changi ng

tone picturgg,sd sEHdICLo ms@ﬁe%ﬁ@%ow@@ﬁaﬁaﬁaf £6.28b byteBrtneOfiBture

pi ctures which are so sinpler an contrnua ngi ng tone pictures. The

bi nar y tone..@[irf]&t.%etﬁeac{a@a_dleeggvﬂq%tﬁdgy t he sane processes as the
S.

conti nual I y-changing tone pictur When the picture is divided into a

plurality of regionsbyt e il eTaREcs Al LORSEN LRCoFARIAAE JRAUINILY dito

val ues of tones. The boundaries coincide wth the outlines of definite

figures, CRARCLELRPL Ahnditeatl? HoEh oM (45R0R 45, 2: WBkiPRERLORL:

Ther ef or e, e processing Is sinplified and the me of processing becones
short. The . : i roximation result is

&I gal >%ﬁ 6o the J(ﬁtgp f
smal |l . The preggﬁfgﬁﬁveﬁﬁ?%ﬁgfgg %ﬁkver, ¢ | eggnt from Japanese Laid

Open Pat'ent No. 6- 8395@15?‘{%%%}&9&@?%%%{1%?%%?2? P%tn&rﬁ%%mcgﬁggjgﬂeetdhg} @}g@fpd

at the processing of 0 nary ese prior docunents,

the coordi n@:;spgs]p%l%f sﬁ&ﬁ’ a:[ g@%&%@«:@? F%ﬁg?“?{’é iquthXﬂ&é date>d¥ EMicﬁ:ﬂFe are

outli cr the centers erentral i mages were
transmitted to the counter part in about 15 seconds.

Fig.8(a) shows the regenerated picture on the receiving side. The
regenerated picture is faithful to the original picture. This example sets 30 dB
of the quality of picture but a 40 dB quality of picture is also available. Fig.9

15 shows the revived picture in the case of a 40 dB quality of picture. This is more
faithful to the original picture. There is no inferiority therebetween. Fig.8 and
Fig.9 are the same as the original picture in size. Further, the present
invention is capable of enlarging or reducing the size of picture.

Fig.10 (a) is a revival picture in a reduced size, Fig.10(b) is a

20 revival picture of the same size, and Fig.10(c) is a revival picture in an enlarged
size. As shown in these figures, pictures are freely reduced or enlarged
because these pictures are provided by compressing the data by calculation and
regenerating the picture by calculation from the compressed data.

[B. EXAMPLE 2: & ( BINARY TONE PICTURE)]

25 The main purpose of the present invention is the processing of
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formed, a strong discontinuity would appear on boundaries. The exanpl e of
transmtting and receiving "[err]" by the conmunication device of this
invention wll be explained. Here, " [err] "is witten with a gothic
character, and is shown in Fig.7(b). There appears a zigzag line on the

upper diagonal line of " [err] " In this case, the original
picture is expressed with 256 pixels x 256 pixels, so that a sawli ke
outline appears in the diagonal |ine. The conpressed data anount is 0.22

bit/pel when o[nQ{rﬁJally—l::ﬁaﬁé %t ﬁglebﬂlc{:@ieesor ﬁf @BLrddMAR! ) Hent %0&&1&&" %an treat

nunber of bItS per pixel 1S bit/pel 1n the orlglna pi cture, the d

are conpressgg, b a&ﬂ{ét Ré Sfé-egh "ftfcrﬁ] 3t§1 Nt alnS cgsﬁéﬂlﬁaﬁgl-éha%/glgg tone

error encodi ng tS are a e COI’TpI’ es data e anount o

becomes  aboucA6A30 pid ofZA90 N §Rbardlihse uaamﬁtﬂwtﬁgrsaﬁgweg d @the

of the binary tone exanple I ne

s used, 10" SXANSy Ehad BESAMML0-E. FREARAS p&&a}é{egg%he&:]%ég% ubiity

[err] because e spee tting o st'an i nstal emis

28800 [bps]. Whadkighs b?%ehaiffé(}%n@etd?aceﬁ% tﬂﬂe%gﬁ@@ﬁgvgfonﬁgé‘gﬁ viaPPsY of fones.

used, it takes about 0.4 secon to transnit these data which is shorter

than the tel eﬂb@%guhhgﬁes Jjoﬁclﬁgc%zs He 8@!&?{&% 4 BBy 1t%6ﬁgu£-9§3% aracters or so

transmtti Nng speea IS use It t secon S t'o~send e sane

dat a. . on. Thh dgffgrérm.alsm 2185 ?%thﬁf%ego@é Ct’ﬁ{ ?'efgre" tﬁq‘érﬁl}ocess ra%els

zi gzag |ine, has once appear slanting Tine of the origin

picture of " 41 fikied a,na SHGR: of ?ﬁoéé%ﬁ éé&?ﬂ%sagﬁorltnp‘i‘?geﬂn&&tswgﬁ for

lines by this 1nvention, ecause I On approxl! nates an orl

picture by calgilatian @ Jo%fa&%r?%gs%l@1§ E kY %}@%g%eﬁ!g' 1‘?\& n'_gg]eimWever

regener at ed pl cture I's rat superior to e ori

epockmakig | @¥EHehO Frod h.?a[;?an@@é L48VEbeft >i5a%E§£j MU R385 %‘&e&iﬁhtesle WA b0

like this invention.
Patent No.6-96191 that aimed at the processing of only binary tone pictures. In

these prior documents, the coordinate points are taken at the centers of pixels, |

so that the outlines cross the centers of pixels. If differential images were

formed, a strong discontinuity would appear on boundaries. The example of

15 tra.nsmittiné a.nd_ receiving " 8 " by the communication device of this invention

will be explainec_i. Here, " & " is written with a gothic character, and is shown in
Fig.7(b). There appears a zigzag line on the upper diagonal line of " & ".

In this case, the original picture is expressed with 256 pixels x 256

pixels, so that a saw-like outline appears in the diagonal line. The compressed

20 data amount is 0.22 bit/pél when " & " is treated by the present invention.

Since the number of bits per pixel is 1 bit/pel in the original picture, the data

are compressed to about 22%. The actual data amount is 14418 bits. When error

encoding bits are added to the compressed data, the amount of data becomes

about 16000 bit (2000 bytes). This is the data for communication of the binary

25 tone example.

This Sheet Has Been Re(ilaced 94




This invention is capable of reading continually-changing tone pictures,
reduci ng the anmount of data, and transmtting the reduced data. There is
no need of transmtting the data by the bit nmap forns or the DCT nethod.
Since this invention can reproduce a continually-changing tone picture
faithful to the original picture by the spline base functions, the quality
of picture is maintained. The present invention realizes not
only easy transm ssion but also easy regeneration. It is possible to

regenerate an origi nglp i Gt W8phBn@Mind 1B LESLY £6F Z&xain28) ih@akeanbivutt @6
data. The enl argenent and redluctlon are carried out not on the bit map but

by the cal culatio ! atd 04S" g i SecRABYtHO sphédiol t2anemitainged ar
reduced pi (?Fﬁ?neasi E@%%Ie‘%l‘?%n%ﬁ;?& %—{H;/! o? pi c?cure. The present

i nvention i ney | 104 thiidnd B8 28800 [BPSTT WHeBNan ISDN having a transmitting
96 Si nce Sl%%r?&j wa?rgsgajélre advanci ng da)lt/ gy day, there is no great

di fference of . tI-ansmhSH2 ik iVlRaDPe! NBRR ikt 0.8\2RbAES tandahanitithiebe dathi s
i nvention i, - however, 5reater than facsimle in the quality of picture.

Facsi g | es vfl-?igﬂq% ft\}t??eﬂsma&r ﬁt{eotfeléﬁ(ﬁ”d'msl Bne.2TPh Yok k6O PNePhods witH a960h [iaps]

requires extremne g quality of picture. Such a block copy of printing

I's used to be senl, By, Al L LSRNt L STBecol¥ 1 &5RNthd BaRadatn can

transmt SJgﬁn%m%flg?ksé:%gylsg#sedblr&ﬁma?‘lreng by tel e?)%oone l'ines, exclusive

lines, pocket telephgfes 3Qg 8wl rHieneldtd® bRtusendi nge i's THaidnal liste,
inve

reduced by the present tron in conparison with the mail. This is an
out standi ngwfurc%epxg.é Ve appeared in the slanting line of the original picture of " & ",
vanishes. The zigzdg lineé are improved to smooth lines by this invention,

10 because this invention approximates an original piéture by calculation and

regenerates a picture by calculation. The regenerated picture is rather
superior to the original picture. This is an epockmaking invention. There has
never existed such an excellent invention like this invention.

This invention is capable of reading continually-changing tone

15 pictures, reducing the amount of data, a.nd transmitting the reduced data.

There is no need of transmitting the data by the bit map forms or the DCT
method. Sincle this invention can reproduce a continually—changing tone picture
faithful to the original p.icture by the spline base functions, the quality of
picture is maintained.

20 - The present invention realizes not only easy transmission but also
easy regeneration. It is possible to regenerate an original picture in an
arbitrary size from the transmitted data. The-enlargement and reduction are
carried out not on the bit map but by the calculation of functions. Thus it is

easy to obtain an enlarged or reduced picture in excellent quality of picture.

25 The present invention is superior in the time of transmission.
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CLAI V5 1. A conmmuni cation apparatus for continually-changi ng
tone pictures conprising: a data-sending side, a data-receiving side and a
transmtting systemfor transnmitting data between the data-sendi ng side
and the data-receiving side; t he dat a-sendi ng si de

conpri si ng: an image nenory device for reading in data
of a <continually-changing tone picture by optically readin device, e.g.
an imge scanner, a digital camera, taking a continually-changing tone

pi cture out sfr{c‘é”ha?d‘ WdrRECa b avRASR 200} Wtcfa'yng;hte% idat& Qhaf difference of
continual |l y-changing tone picture drrectly, and for menorizing tones of

the continuglahm$dlaRgi el BREwOALIEHIE W entin GRROREL IRk ONPRIOfin PertES 1Ts0
coordi nate points taken at centers of individual pixels aligning in a

hori zontal gige¢dd, 0rREr ithad y&rs&mﬁal nd'tﬁ@QidaQﬂ 08 MctuFBYCFad¥i@fies cannot
a region di vi si on device for di vi di ng ? i nput

continual | yp,Ghangt, "Qrt 8 gIé,Ch Wisck %Byaoﬂobk'ﬁﬁldé Y H3h R LARS é&r&ﬁi@ﬁr high
differences anong the pi xel's belonging to the same region are smaller than

a critgcal yabiig ofNfctQae éjﬁéﬁ &I B1CR et H‘Pgﬁﬂﬁiggﬂb%é&‘%@e%%bﬁrﬁl at

Iarger than the critical value, and for reckoning an average-tone of the

pi xels in eﬁﬂﬁ?%‘lﬁ@?e The present @VQH{:&BH%% Qrhhank! Q\gc}gea\.“bqg?li cE:"op of

extracting Ividing neighboring regions as a Series andt

coordi nate BRIy f‘l‘.éi@é#xﬁ{e BRERCE 140y PiXEd, Sy khet telephones eﬁ'xcpE@'Bﬁh ’Jﬁhe

poi nt - extracting dEVI ce for extractl ng points are '1n contact

three or nogg et AANsddHiRE 150 Q8RaA) AdaRicBIWRRS ?ﬁ'egéﬁ'w Bef8iodYin comparison

with the mail. This is an outstanding invention.
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t he boundary—extractingdevi ce as branch points; a boundary

menory. devij i zi ng two-di mensional coordinates (x, y) of the
poi nt._suum ﬁ B{“lmﬂmr’val s divided by the branch points; a
t ur ni.nY% v ctkng device for extracting points at which a boundary

interval turns at an angle nore than a definite value as turning points

whi ch divide the boundary interval into a plurality of subboundari es;

a boundary-approxi mati ng device for approximting a series of points in
every subboundary divided by branch poi ggarfg turning points by using
single-variable spline functions where t is an internedi ate, independent
variable and x and y are dependent vari ables, and for producing

approxi mation functions of the series of points by repeating approxinmation

of every sybboundaryssniSifigaioh @dParsflf& e5itdiudlbt-RMdnging tone pictures
bi ort honormal function nethod till errors becone smaller than a critical

val ue; comprising:2al GetR8hddi %&ide/ T Walleviezeiving sRiwmndi agtransmitting
i nformati on of the approximtion functions of the subboundaries and

rel ati ons ofybfadm SbbarsRdAiitass t datdebebgéansthe data—sending asilld f enénthel
| mage production device for producing a differential inage by subtracting

the avegragedh@r@ebdtfs kidesn the input inmage at all pixels; a

differential image nmenory device for nenorizing differential tones of the

pi xel s aligning in X-¢the edatd-genaing sideyecotiprégingon in the differential

I mage; a differential image division device for dividing a

differential inmage iaho imgdeir ahemyropf Bevcks; for reading im ddgteer fti Al

bl ock nmenory device for nmenorizing the differenti al ) .
continually-changing tone picture by optically readin device, e.g. an image
scanner, a digital camera, taking a continually-changing tone picture out from

10 an image data base or inputting the data of a continually—changing tone picture
directly, and for memorizing tones of the continually-changing tone picture by
corresponding tones of pixels to coordinate points taken at centers of individual
pixels aligning in a horizontal direction and in a vertical direction on an image
plane;

15 a region division device for dividing the input
continually-changing tone picture into a plurality of regions as tone differences
among the pixels belonging to the same region are smaller than a critical value
and tone differences between neighboring regions are larger than the critical
value, and for reckoning an average-tone of the pixels in every region;

20 a boundary-—extracting device for extracting boundaries dividing
neighboring regions as a series of another coo;'dinate points defined at corners
of pixels;

a branch point-extracting device for extracting points which are in

contact with three or more than three regions on the boundaries extracted by
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tones of every.bl ock corresponding to the pixels aligning in x-direction
and in y-di rect i ?ﬂ"lll"lﬂ"lﬂ"ﬂlﬂ'“la dat a approxi mati on device for

approxi mating dif i mages by two-variabl e spline functions
and for producing apprOX|na i dn "functions of every block as conpressed
data by repeating a | east square nmethod or a biorthonormal function nethod

till errors beconme snmaller than a critical value; a
conpressed data nenory device for nenorizing paraneters of the

appr oxi mat 1@ doiidairy ekt Actidie adiickaisemidnth poTaes; an encodi ng
device for encoding the conpressed dat a; an encoded data

out putting device forg oBbRHEAMNY niMERFeddEica; foRNthemorizing two—ddmeesionakd
data nenory device for nenorizing the encoded dat a; t he
transmtti ngosdaia®ss QR i & €15 points on boundafy datervals ativisiedday sher brarsing
devi ce; a comuni cation data transmtting device;

a data trangsdthtd;i ng medi um a communi cati on data receiving
devi ce; and an encoded data inputting device; t he

dat a- rgcei vi ng si de conprinigngoint-extracting devicel§eneiktrpcting peintset which a
retrieving the conpressed data by decoding the encoded, inputted data;
a differentbadnddrgcintemrdl tabns evinoarfgle mmgeshenat defgnxthefamé a® terning| points
bl ock i mages fromthe conpressed dat a; a differential inage
retrieve dewhivh divide the beundgrst frigeevel inge p pifirality of subboundaries;
a boundary-approximating device for approximating a series of
points in every subboundai‘y divided by bré,nch_ points or turning points by

10 using single-variable spline functions where t is an intermediate, independent
variable and x and y are dependent variables, and for producing approximation
functions of the series of points by repeating approximation of every
subboundary by using a least square error method or a biorthonormal function
method till erroré become smaller than a critical value;

15 a regional data memory device for memorizing information of the
approximation functions of the subboundaries and relations of the
subboundaries to the regions;

a differential image production device for producing a differential
image by subtracting the average~tone image from the input image at all pixels;

20 a differential image memory device for memorizing differential
tones of the pixels aligning in x—di-rection and in y-direction in the differential
image;

a differential image division device for dividing a differential image

into a plurality of blocks;

25 a differential block memory device for memorizing the differential
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100 differential inmages by assenbl i al bl ocks;

a continual tone inage regenerat| on Imllﬁlmllmluili Feratl ng a

continual | y-changing ton revi ¢i ng reglion 9 an average tone
i mge and addi ng the average tone imge to the dlfferentlal tone i nage; and
a continual tone image outputting device for outputting the retrieved
continual |l y-changi ng tone i mage. 2. A communi cati on apparatus for
continual | y-changing tone pictures conprising: a data-sending side, a

dat a-recei Vighless bfleveRif viodid ﬁysaer%éﬂ%dlﬁg%eme peld AREFINE i RHirédtiéh and
bet ween the data-sending side and t dat a-recei ving side;

t he dat a- sergliyngisicgi@nconpri si ng: an inmage nmenory device
for reading in data of a continually-changing tone picture by

optically readin devi gedat @pp2bximaBige dSCRRNEYr adpdbinksingC alfefantiakblogka
continual |l y-changing tone picture out from an inmage data base or inputting
t he data of iRagentbyutkd-wabedlgi Bhlihenfuditidng enddifoechrydudng bpproximation
menori zing tones of the continually-changi ng tone picture by corresponding
t ones b6f pi Xehstibns ebervdryailecipas rbfprassad ditadonirepsatidg nndasti siimre npethells
aligning in a horizontal direction and in a vertical direction on an i mage
pl ane; or a biorthnormelifanctionli weéthodntill emoreebedonte smeller dhag a dritdeal
i nput continually-changing tone picture into a plurality of regions as
tone differemdes anong the pixels belonging to the sane region are smaller
than a critical value and tone differences between nei ghboring regions are
| arger than the criti @domprgisged dabel nfegroryedkding dgr memavining earsnetays of the
pixels in every region; a boundary-extracting device for
extracting @@@ﬁggmaé@ncﬁmcgqong of the differential image;

10 an encoding device for encoding the compressed data;
an encoded data outputting device for outputting encoded data;
and
an encoded data memory device for memorizing the encoded data;
the transmitting system comprisMé:
15 a communication data producing device;
a communication data transmitting device;
& data transmitting medium;
a communication data receiving device; and
an encoded data inputting device;
20 the da.ta.—receiving side comprising:
a decoding device for retrieving the compressed data by decoding
the encoded, inputted data;
a differential block revival device for regenerating the differential
blockwimages from the compressed data;

25 a differential image retrieve device for retrieving the entirety of
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101 nei ghboring regions as a series of another coor di nate points defined

at corners of pixels: a branch poi ntﬁ“l“ﬂﬂl"“ uumu for
extracting points which are in contact with three o8 H 4 e .
regi ons on the boundaries extracted by the boundary ex&racting devi ce as

branch points; a boundary menory device for menorizing
t wo- di nensi onal coordinates (x, y) of the points.-on boundary intervals
di vided by the branch points; a turning point-extracting

devi ce for exiract. oi nt.s at Lch . n ' rval turns at an
angl e nore ‘f eé‘_ﬁﬂ%%“‘?&%&ﬁ%"@%ﬂ% i rﬁlﬁf%gﬁrgﬁ%&iog\%ﬁi ch divide the
boundary i nt ervfal ' _ntao ca nQinuJai‘l £othe ?xﬁxa%é’.bﬁ%&%?‘ﬁﬁigﬁ; device for regen@re,ting a
boundar y- appr oxi mati ng devi ce for approxi INng a series o points in

every SUbeUHQ%f&’aJJI‘y—XLQr?%iﬁ%ﬁ&{eaﬂﬁ PRNESyi%ingd %Fid}g, Rdlhs &Y avefdgtone

. . C A n
5|ngle-var|éﬁﬁe Spl'i ne ons ere’t 1s an internedi ate, independent

variabl e aﬂ%a)ée]?a%gic%icglhg cg#%pa%}b‘iﬁgé 1Y iADE £ 50 tROAifrOFeRiNUAL Bage; and

approxi mati‘on the Series of points by repeating approxination

of every subboundary, bgoméhu %t,@aﬁaéguawplﬁﬁi&@r dREEOOE R Sutputting the
bi ort Honormal function nethod till errors bécone smaller than a critical

value,  reprieved coﬁtﬁﬁﬂhﬂa@hagéitn% {GR0m4gdeVvi ce for menorizing
i nformati on of the approximation tunctions of the subboundaries and

relations o3 the subRQLRGAIriESti® abparitR@ W¥Séontinually—changirtg dorid pictatres
| mage production device for producing a differential inage by subtracting

the aver agecdpsingos Hatasth@ing ide, @atatreabivipgxeilde; and a transmitting
differential inage nmenory device for nenorizing differential tones of the
pi xel s al i ggy&emi Nfor- direAshitbihgndatd) Petligerct tion idatd-wendird eside i mhd the

10 data~receiving side;

the data—sending side comprising:

an image memory device for reading in data of a
continually-changing tone picture by optically readin device, e.g. an image
scanner, a digital camera, taking a continually-changing tone picture out from

15 an image data base or inﬁutting the data of a cc.mtinua.]ly—changing tone picture
directly, and for memorizing tones of the continually—-changing tone picture by
corresponding tones of pixels to coordinate points taken at centers of individual
pixels aligning in a horizontal direction and in a vertical direction on an image
plane;

20 a region division device for dividing the input
continually-changing tone picture into a plurality of regions as tone differences
among the pixels belonging to the same region are smaller than a critical value
and tone differences between neighboring regions are larger than the critical
value, and for reckoning an average~tone of the pixels in every region;

25 a boundary-extracting device for extracting boundaries dividing

100
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I mage; a data approxi mation device for approximfi
differential tone image by two-variable spline functions and Llﬂl!ﬂ“jﬂﬂg;{”"l
approximation functions of the differential tone inage as co i
by repeating a | east square nethod or a biorthonormal function nethod til

errors becone smaller than a critical value; a conpressed
data nenory device for nenorizing paraneters of the approximtion
functions of the differential inmage; an encodi ng device for
encodi ng the .conpressed .data, _ . . (Tofe 1 8s QubREh NS
device for %ﬂ?ﬁg?flf‘ﬁgretgﬁ%nsé%(s:oadsé?flﬁ%to g;anogrh%ncg Bt 95’1 an encoded él.g?gs
menory devi%gjkgs_nennrizing t he encoded dat a; t he
transnittiﬁb ysteém conprising: a communi cation data producing
devi ce; o EnRT UM LA GAANY §EARSTE bihiAcHRY! Gaints which are in
a data transmtting nediun ~a conmuni cation a receiving

device; and, oot with thredBr GEHRIAMHIRAAed BOLbhE Eh YRY Ivolindaries extracted By1€

dat a-recei ving Si de conpri Si ng: a decodi ng device for

et aving Loy GULGSSdadah 2 NidlPeodrilien bhfvgncoded, inputted data
ev

a differentral 1nmage‘retrieve Ice for regenerating the differential

tone image fromthe cOMYe3aadydahémory =~ device for @mEMmbrzHER! t¥ e EmeABEMal
regeneration device for regenerating a continually-changing tone imge by

ag\éi Ving r eghdiagnatdBKix) % )aBf 846 RERLd BAGoundary intervals divided by the branch
points;

a tﬁrning point-extracting device for extracting points at which a

10 boundary interval turns at an angle more than a definite value as turning points
which divide the boundary interval into a plurality of subboundaries;

a boundary-approximating device for approximating a series of
points in every sﬁbboundary divided by .branch points or turning points by
using single-variable spline functions where t is an intermediate, independent

15 variable and x and y are dependent variables, and for producing approximation
functions of the series of points by repeating approximation of every
subboundary by using a least square error method or a biorthonormal function
method till errors become smaller than a critical value;

a regional data memory device for memorizing information of the

20 approximation functions of the subboundaries and relé.tions of the
subboundaries to the regions;

a differential image production device for producing a differential
image by subtracting the average—tone image from the input image at all pixels;

a differential image memory device for memorizing differential

25 tones of the pixels aligning in x—direction and in y-—direction in the differential
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i mage anmd—addingthe average tone inmage to the differential tone inmage; and
a contln putting deV|ce for outputting the retrieved
conti nual ll ml “mﬁn”" i mage. : A communi cation apparatus for
col or *

pi Ctur €s conpr i si a data- sendl ng side, a data-receiving side and a
transmtting systemfor transm tting data between the data-sending side
and the data-receiving side; t he dat a-sendi ng side conprising:

a color image nenory device for reading in data of a color picture by
optically repgld device, e.g. an inmmge scanner, a digital canera, taking a
color picture froman inmge data base or |nputt| ng the data of a col or

picture directly, and figfa EpPRbkifiabnC Aelvide£bt Yashrixtmatin g otiéterehitipt itoney
colors of the input color picture by corresponding tones of primary colors
to coordi naRa@di By S twbakeAablle Gpliner Fuattibnsi ehdusdr pprelwing i gnpraxinatian
horizontal direction and in a vertical direction on an inage pl ane;

a col or resglhtttions dehe alifferentdalotonennaget &5 oémphessedplataibynperdating a deast
plurality of primary color images and naki ng data of the

contingal | ysqhangimghotonea biorthenqpmaiefupctionomgthod till errors beggme Pipdler
menory device for nenorizing tones of pixels of primary color inmages

resol ved by thae acofidealredoeut i on devi ce by corresponding tones of pi xel s
to coordinate points taken at centers of individual pixels alignin 3
hori zontal direction anebmpresseddate Memdiryedevien fop memoriFne RIFaNEs brs of the
a region division device for dividing each of the '

cont i nual | y-sppaeginsgiondfvacpiongwfitheslifferpnealime€Sint o a plurality of
regions as the tone differences anong the pixels belonging to the sane
region are snaller tqaencoding |d@é{+°ev I‘tﬁéw&ﬁép% ﬁ'éeﬁ%‘ﬁér%ﬁsﬁaeqaéﬁbes bet ween
nei ghbori ng regions are L . ,

10 an encoded data. outputting devme for outputting the encoded datas;

and
an encoded data memory device for memorizing the encoded data;
the transmitting system comprising:
a communication data producing device;
15 a communication data transmitting device; -
a data transmitting medium;
a communication data receiving device; and
an encoded data inputting device;
the data—receiving side comprising:
20 a decoding device for retrieving the compressed data by decoding
the encoded, inputted data; -
a differential image retrieve device for regenerating the
differential tone image from the com;ﬁressed data;
a continual tone image regeneration device for regenerating a

25 continually-changing tone image by reviving regions, making an average tone
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104 | arger than the critical value, and for reckoning an average-tone of

the pixels in eu m HIHUI Jl I“L a boundary-extracting device for
extracti ng bound - *®hei ghboring regions as a series of another
coordi nate points defined at corners of pixels; a branch

poi nt-extracting device for extracting points which are in contact with
three or nore than three regions on the boundaries extracted by the
boundary extracting device as branch points; a boundary nenory

dovi o Tor BRIRAA! RSt CROR,018h 16205 8 7L Mot ShelBEGpEL ® O

boundary in I VI branc

poi nt -extracting deVié?ecé]r&r S&Slfjrt?ﬁ&! 220! Bt Atindh! &dide ﬁﬁ“@ﬂ%’fﬂéﬂéew@

in
turns at an angle nore than a detinite Vval ue as tudrni ng points

di vide the p&g{bq,%hycgn@w%@]_chgﬁ%n% EUn‘ériﬁJajgtey of subboundari es;
e

a boundary-approxi nmating vice Tor approximating a series of points in
every subbogndary di VAd%gmlﬂm\ﬁrﬁééﬂtngg Qﬁbfgf*aftugr foll ot PRicBhSedYcoliStiBhg a

singl e-vari abl e spline functions ere’t 1s an internedi ate, independent

vari ab e angaph-888liv g2rLddeReENgLRLréil Y esideantdl O QMR system for
approxXimation functions of the seri-es of points by repeating approxi mation

of every suybbQuids{y dBth HeiwentHCdsth-SEMBNE RHE @hdieh@dtadfeciving side;
bi ort honormal function nethod till errors becone smaller than a critical

val ue; atHeeqhtdRabn dilgdsidBmpraauice for menorizi ng
informati on of the approximtion functions of the subboundaries and

relations of the sufkewidaidLs memorpeddgé @6 reading in data of @ color picture
differential inmage production device for producing a differential
by optically readin device, e.g. an image scanner, a digital camera, taking a color
10 picture from an image data base or inputting the data of a color picture directly,
and for memorizing continually-changing tones of primary colors of the input
color picture by corresponding tones of primary colors to coordinate points
taken at centers of individual pixels aligning in a horizontal direction and in a
vertical direction on an image plane;
15 a color resolution device for resolving data of the input image into
a plurality of primary color images and making data of the continually-changing
tones of the primary colors;
an image memory device for memorizing tones of pixels of primary
color images resolved by the color resolution device by corresponding tones of
20 pixels to coordinate points taken at centers of individual pixels aligning in a
horizontal direction and in a vertical direction on an image plane;
a region division device for dividing each of the
continually-changing tone primary color pictures into a plurality of regions as

the tone differences among the pixels belonging to the same region are smaller

25 than a critical value and the tone differences between neighboring regions are
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105 tone inmage by subtracting the average-tone image fromthe input inage
at all pixels; a di mﬂlmmlll Ilmaﬂg menory device for
menori zi ng differential tones of ing in x-direction and in

y-direction in the differential tone° |nage a differentia
i mage division device for dividing a differential inmage into a plurality
of bl ocks; a differential block nenory device for nenori zi ng

the differential tones of every block by corresponding to the pixels

glplp?cn);ﬂn?ralt P]&)Ix(i grléq:ﬁari!t e cgﬂ%al W1k, QS 3‘ konin ng an ayer. %(e—%ﬁi@t)f‘the pixels in

Vi'e pr oxi nﬁtln eren | mages by
two-vari abl e rs{g) unct | ons and for producing approxi mation functions of
geﬂgé

every bl ock®V T corrpressed data by repeating a | east square nethod or

a bi orthonormal funct]gn, fRLl t} d;Etguztlﬂ @éﬁc@?&?%%g@élﬁgrbém:@es Aitidical

val ue; a conpres ata nDry evice for nenorizing

paraneters g g\t}ql% ri g?i 'é?@e{:ll'éggf'ﬁ{b‘ihgf- cbbLqidhid ﬁbﬁﬂkldﬂﬁde@i&ecorners

an encodi ng |ce ng the conpressed data;

encodqp datgfgg&ﬁyttlng deV|ce for outputting encoded data; and
an encoded data nenory device for nenorizing the encoded dat a;

the transmtting syst Qrﬂrﬁﬁﬁﬁrﬂo‘ih%xtractmg device fod SXEFEBYH &L Bbin®B wiatR are in
produci ng devi ce; a communi cation data transmtting device;
a data trangphdakt Qﬂtl’ﬂ%ﬂ&-é‘é”or more than three regions on the boundaries extracted by
the boundary extra.cting device as branch points;
a b.o'und_.ary memory device for memorizing two—dimensional

10 coordinates (x, y) of the points on boundary intervals divided by the branch
points; |

a turning point—extracting device for extracting points at which a
boundary interval turns at an angle more than a definite value as turning points
which divide the boundary interval into a plurality of subboundaries;

15 a boundary-approximating device for approximating a series of
points in every subboundary divided by branch points or turning points by
using single—variable spline functions where t is an intermediate, independent
variable and x and y are dependent variables, and for producing approximation
functions. of the series of points by repeating approximation of every

20 subboundary by using a least square error method or a biorthonormal function
method till errors become smaller than a critical value;

a regional data memory device for memorizing informatioﬁ of the
approximation functions of the subboundaries and relations of the

subboundaries to the regions;

25 a differential image production device for producing a differential
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106 a communi cation data receivrﬁgjﬁﬁﬁiir‘ﬁﬁa““‘ _
o oiog. data Tnputting devie L device foJlllllﬂHHElﬂullﬁf Fillcomer essec

data by decoding the encoded, input data; "asdifferential
bl ock revival device for regenerating differential block inmages fromthe
conpr essed dat a; a differential inmage retrieve device for

retrieving the entirety of -differential inmages by assenbling all

differenti a{: 194 gée' by subtractlng tl'?ﬁ FQQI' gréu-%né Qrﬂggé RS tm%%&%&.agg

device for regeneratrng a cont y-changi ng tone 1 mage of each pri r
col or by reﬁbeéwg regi ons, makr ng an average tone inaege and adding the
average tone 1nage on the differential imge; a col or

synthesis device for gsypisesimifdiddie %awadéﬁc&he@glmoﬁz@ag aﬁmemei
the primary colors together into a unified color image; and

col or pi Ct UggherUbDUAS ipheb1S QKisttn § O xOHintbhdhd e yHaiddcednCal e dﬁfé?rtewtﬁl
4. A communi cation apparatus for color pictures conprising a

dat a- sgndi ngorsd thageqt data-receiving side and a transmtting system for
transmtting data between the data- sendi ng side and the data-receiving

si de; ~ the deferesgArindEeSdiNEsIORMYISE Fif dividing a differerifl@h8Ee
i mge nmenory device for reading in the data of a color picture by

optical ly rgsdiapiaalite of ®lgcksan i nage scanner, a digital canmera, taking a
color picture froman i nage data base or inputting the data of a col or
picture directly, andafdifferentiel bilsuk eembirpudddiye ¢hAMpEmyriziagetheo difipetemhia)
tones of every bloek by corresponding to the pixels aligning in x~direction and
10 in y-direction;

a date approximation device for approximating _differential block
images by two—variable spline functions and for producing approximation
functions of every block image as compressed data by repeating a least square
method or a biorthonormal function method till errors become smaller than a

15 critical value;

a compressed data memory device for memorizing parameters of the

approximation functions of the differential image;

an encoding device for encoding the compressed data;

an encoded data outputting device for outputting encoded data;

20 and
an encoded data memory device for memorizing the encoded data;
the transmitting system comprising:
a communication data producing device;
a communication data transmitting device;
25 a data transmitting medium;
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107 colors of the input color picture by corresponding tones of primary

colors to coordinate points taken at centers of individual;pluﬁ _m T

in a horizontal direction and in a vertical direction on an uﬂmunr"""'
' o d 5+

a color resolution device for resolving data of the input inagé iht
plurality of primary color images and neking data of the

continual ly-changing tones of the primary colors; an i nage
menory device for nenorizing tones of pixels of primary color inages

resol ved by the col or rQ§8Lg%kggnqﬁ&gq@?g¥ﬁ§?&&ﬁﬁgﬁgghng tones of pixels

to coordinate points taken at centers o pi xels aligning in a

horizontal direction gnd insa %{&rﬁ:{ﬁ.‘gﬁl&iﬂ%r@&;ﬁan on an inage pl ane;
a region di vi sion “device or ividing each of the

conti nual | y- changi ng 4%”§atﬁf-i-é@ﬁ¥in%0§i% cBhﬁ)TrEHiﬁ?: into a plurality of
regions as the tone é}f erences among the pixels belonging to the sane

region are smaller thaR.gaffd hbeRk Maleridbthd BRe oRprdiddetetrps drages
nei ghbori ng regi ons are arger than the critical value, and for reckoning

an aver age- {one, Hfqcihen PitX§ats; N every region; a - _
boundgiy-exgggcﬁgag deJP%e for extracting boundaries dividing neighboring

regions as a series of @RAIRALIAENLEK NAdAVEDIdEScel bt NRskenbratin g ediferahtial
pi xel s; _ a branch point-extracting device for extracting points

whi ch are i Bockama@eh s Bhé BpRBreEse@adtal han three regions on the
boundaries extracted by the boundary extracting device as branch points;

a boundary menory deviciffeRenfiBIDRAZS PEtii¥Pe dievidts fanabtrievingdt meesirgty, of)
of the points on boundary intervals divided by the branch points; '
differential images by assembling all differential blocks;

10 a continual tone image regeneration device for regenerating a
continually-changing tone image of each primary color by reviving regions,
making an average tone image and adding the average tone image on the
differential image; |

a color synthesis device for synthesizing the continually—changing

15 tone images of thé primary colors together into a unified color image; and

. color picture outputting device for outputting the unified color
picture.
4. A communication apparatus for color pictures comprising a
data—sending side, a data-receiving side and a transmitting system for

20 transmitting data between the data-sending side and the da.ta.—feceiving side;

the data~sending side comprising:

a color image memory device for reading in the data of a color
piéture by optically readin device, e.g. an image scanner, a digital camers,
taking a color picture from an image data base or inputting the data of a color

25 picture directly,' and for memorizing continually-changing tones of primary
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108 a turning point-extracting device for extracting points
nterval turns at an angle nore than a definite val ue
as t “mﬁlmﬂnﬂ(ﬂmmﬂch di vide the boundary interval into a plurality of
subbouhddri és; " a boundary- approxi mating device for
approximating a series of points in every subboundary divided by branch

points or turning points by using single-variable spline functions where t
is an internediate, independent variable and x and y are dependent

vari abl es, aphrkose Pﬁé’%ﬁhﬂQoﬁa‘}pﬁﬂ:’éhf@tb'yoﬂorrfeﬂgtiﬁhﬁgg; t&ed BE pPohdBS chors to

poi nts by repeating approxi mation of every bou ry by using a |east

square errokogRiinak %uﬁsbda%'éhh&neémlrsfdfnﬁfdlmuaﬂ%&élg ditddin@rinok %o?%aaa
smaller than a critical value; a regional data nenory device

for menori zigasedttnOdnmin 8RN tichN8ire2BiBh D dRih&Se bibie; i ons of the
subboundari es and rel ations of the subboundaries to the regi ons;

a differential image prefserbsilutioni déit®FoProssloind datdlof kRe aApliblinagdneo
i mge by subtracting the average-tone inmage fromthe input image at all

pi xel sg a plurality ofi pHihd8f eslorahageRgad MiIhY IRMicERhEGontRRIlyZERghging
differential tones of the pixels aligning in x-direction and in

y-directiontbhed bEtKE bimie@Rtdoddrs;t One i mage; - a data

approxi mati on device for approximating differential tone imge by

two-vari abl e spline fancinagesmamndry alevico ot imtghoaifingxioneki ofNpixklened peirmryf
the differential tone inmage as conpressed data by repeating a | east square
net hod or a cblar inte@esrresblvadnby ithie caddh odsdlutibn edevics biyecarmes pomdlingr tortelsaof
a critical value; a conpressed data nmenory device for

menori zi ng paxeladivecgordinatigepoints taken at centers of individual pixels aligning in a

10 horizontal direction and in a vertical direction on an image plane;

a region division device for. dividing each of the
continually—changing tone primary color pictures into a plurality of regions as
the tone differences among the pixels belonging to the same region are smaller
than a critical value and the tone differences between neighboring regions are

15 larger than the critical value, and for reckoning an average—tone of the pixels in
every region;

a boundary-extracting device for extracting boundaries dividing
neighboring regions as a series of another coordinate points defined at corners
of pixels;

20 a branch point-extracting device for extracting points which are in
contact with three or more than three regions on the boundaries extracted by
the boundary extracting device as branch points;

a boundary memory device for memorizing two-dimensional
coordinates (x, y) of the points on boundary intervals divided by the branch

25 points;
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appr oxi mati on functi ' ential inmage; an encodi ng

devi ce for encoding at a; an encoded data
out putting device fH! ﬂmmrme' oded data; and an encoded
AN :

data nenory device e encoded dat a; t he
transmtting system conprising: a comruni cati on data producing
devi ce; a communi cation data transmtting device;

a data transmtting medi um a comruni cation data receiving
devi ce; a_nd_ . a turrﬁg eg&%gggdgﬁt%é rH%%ct.é @(9:‘ gﬁé’ﬂaﬁﬁng_ points at whichtarle
dat a-recei vi ng side conprlsgn T a decodi ng device for

retrieving é%%fa%é@éﬁ%ﬁ tﬂ?ﬁéa{)!n %%?% i;n%ge thiE 2CGAEL valdtPild tekdiAg points

a differenti retrieve device regenerating the differential

tone image fif Wéi@?d%%ﬁ@ﬁgéﬁggrﬁ%@fval into a pluralityPoCoMbilidlariayie | mage

regeneration device regenerating a continually-changing tone inmage of

each primary color by, rt?o}{f'n\éia'?y-aﬁ;?}da@xﬁmngﬂhém_eaf‘o@wp@eﬁnta@ﬁ% iR fiea NG
addi ng the average tone inage to the differential imge; a

col or synt hgsihes 48 Vdvedry' QLbBHIM OGS dividetiNy CORdrdhUablntsChrb@itige beines by
| mages” of the primary colors together into a unified color imge; and

ai g?'u?re Pi CLathe SWERLbirH16ae8 fltlctRsPvhérd® ikhi itfticbhediate) B¥dependent
P - variable and x and y are dependent variables, and for producing approximation
functions of the series of points by repeating approximation of every
subboundary by using a least square error method or a biorthonormal function
10 method till errors become smaller than a critical value; |

a regional data memory device for memorizing information of the
approximation functions of the subboundaries and relations of the
subboundaries to the regions;

a differential image production device for producing a differential

15 tone image by subtracting the average-tone image from the input image at all
pixels;

a differential image memory device for memorizing differential
tones of the pixels aligning in x—direction and in y-direction in the differential
tone image; |

20 a data approximation device for approximating differential tone
image by two-variable spline functions and for producing approximation
functions of the differential tone image as compressed data by repeating a least
square method or a biorthonormal function method till errors become smaller
than a critical value;

25 a compressed data memory device for memorizing parameters of the

—_—
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approximation functions of the differential image;

an encoding device for encoding the compressed data;

an encoded data outputting device for outputﬁﬁg encoded data;
and

an encoded data memory dévice for memorizing the encoded data;.

the transmitting system comprising:

a communication data producing device;

a communication data transmitting device;

a data transmitting medium;

a communication data receiving device; and

.an encoded data inpufting device;

the data.—receiviﬁg side comprising:

a decoding device for retrieving the compressed data by decoding
the encoded, input data;

a differential image retrieve device for regenerating the
differential tone image from the compressed data;

a continual tone image regeneration device for regenerating a
continusally-changing tone image of each primary color by reviving regions,
making an average tone image and adding the average tone image to the
differential image; |

a color synthesis deviée for synthesizing the continua.lly—chahging
tone images of the primary colors together into a unified color image; and

a color picture outputting device for outputting the unified color

picture.
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