, abe3eSP4| 6T: B t 3 oaH 1~7 *cooooa* - 1 | MAGE PROCESSI NG APPARATUS AND
MVETHOD gy \ THE | NVENTION Fi'el d of the Invention The prese@u 2003
.inventi HliidiMElllo an apparatus and nmethod for encodi ng an i mage. Nb#%y
particu arhﬁmmbt pertains to an apparatus and nethod for quanti zing
conversi on data obtai ned by transfornigg i mge information to a frequency
space so as to encode such data. Relat®ed Background Art A~ Adaptive

Di screte Cosine Transfornmation (ADCT) encodi ng system used as a nethod for
encodi ng col or inmage signals has gained attention in recent years. A Joint
Phot ogr aphi ¢ Expert G oup (JPEG, which was founded as an international
organi zation for standpifheistdcEsetnan AePRRATHY NS RBTHMH! | soon adapt the
ADCT encodi ng system as an official encoding system The outline of such an
encodi ng systemw || be described briefly. Fig. 3 is a block diagram
illustrating the approximate structure of a conventional encoding system

utilizing DEACKEROSND 4ZF tTHRIDNMENTIIOBWS il lustrating the encodi ng system
shown in Fig. 3. Nuneral 2 denotes an input termnal of a digital inmge

signal to bEiehBoAEdthe Imdemtiamanned digital image signal is input froma
CCD 2 3 JAN 2003 - 2 sensor (not shown) to the input termnal 2, and
then to an 8 x 8TheoRketvHheifivAantdionc wetl ageswher eni ePParaeesnnd

di mensionally divided into 8 x 8 pixel blocks, and then transmtted pixel

bl ock by pi REFRBAOERT t NPT &R dM@Ffnectiedet BarhécPbRRdYi ohtcircuit 4.

N r al n nvertin ircuit far
ureral 6 d%egggﬁng Egﬂgéxgpé%}at %ndp%eEhog for quantizing

conversion data obtained by transforming image information

to a frequency space so as to encode such data.

Related Background Art

An Adaptive Discrete Cosine Transformation (ADCT)
encoding system used as a method for encoding color image
signals has gained attention in recent years. A Joint
Photographic Expert Group (JPEG), which was founded as an
international organization for standardizing such an
encoding system, will soon adapt the ADCT encoding system
as an official encoding system.

The outline of such an encoding system will be
described briefly.

Fig. 3 is a block diagram illustrating the
approximate structure of a conventional encoding system
utilizing DCT. Figs. 4A to 4D are views illustrating the
encoding system shown in Fig. 3. Numeral 2 denotes an
input terminal of a digital image signal to be encoded. A

raster scanned digital image signal is input from a CCD
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‘changi ng the image signal transmtted fromthe block formation circuit 4
into discrete cosine transformation so as to output 8 x 8 data nntriuZ(Ss.f1 N 20
.regarding a frequency zone. In other words, the DCT converting circ é 03
converts pixel blocks formng inmage data itens D11 to Dgs shown in Fig. 9A
into data matrixes formng DCT coeffigients X11 to Xgg shown in Fig. 4B
Data matrix X11 represents a DC conporfent in horizontal and vertical
directions of the pixel block, that is, the average val ue of the pixel

bl ock. When the DCT coefficients X11 to X88 are expressed as Xij, the
greater the "i" increases, the higher the frequency a conponent has in the
vertical direction; simlarly, the greater the "j",ingcr es, .t he higher

t he frequeﬁE?s?ﬁe(%%tf‘rp%pf%fﬂ) s ST 3#%8“?10;?&%’{%3 i ;Lenccf?%‘r?d 'ﬁ?e%(?ata

mat ri xes oyt pu t . GO i;Dg,Ci [iCUl & ddYuilq to a linear
guanti zati gngc?r%%& 8g§%§h :E\zé'g{c}%g rqrét?’th%%e%eralasteigon CIdI’CUit 18

generates quanhszghi Py BViIRE (WL BOxVEIp{ SO ddk sl Gnftlnetich 2 3
.1 AN 2003 - 3 show the weight of a step o? guanti zing the DCT coefficients

X11 to Xg9¢rAnSRettési @ite VRNV A '\ﬁl‘”‘p@ké@ublocﬂ&@@ﬂ_ﬁﬁpﬁi@@eff! cients C
The quantization matrixes W1 to g and the coefficients C are input to a
mul tiplier c3@dnetbedntdtimd i ®yrmdt io @irates @n equation (Wg x G/ Cp). A
guanti zing step performed by the linear quantization circuit 8 is

determ ned in avemedabcé déddtdsha OdTpebsveiiing clgowit thwee nul tiplier 20.
The coefficients C are positive values which control inmage quality and the
amount of dhpagdegetrhe etmagherignrlCtragsaitbedt frem ghee Bl r quantization
circuit 8 actually calculates an equation Xij/Qj. and outputs it. The

out puts of for@arifBafifcRt i LaNteh disceate 8oaiRe SRR FUAR i zed
conversion data itens Gél teg Geg. The ,g‘uanti zed data ifens Gll to (g are
successi veldp tPaR¥RPEEEl %t rcﬁ‘%g MALEH*BEC HRBRFEHEE 3 rioi B AY2ag scan

circuit 10._ In other rds, the ta.l supplied fromthe
zi gzag ci r & 10+t0° %r‘f%ﬁ]se’ %}negtq]&aggp%}f%%@%%%tém in the order

of Gl1, Gl2,nGRL £22) 0 13- £ Hn R Rag3dah Livems B, &by C77- C68.
G-8 end As roggargg,eé%’é? exa?rpl e, a Dé‘g%nggnen? Glll, r'?he C ci raguit 12

cal cul at es @ gnedhCed, Vah Ueh Bt RED Miivedkel! esksihgcsepd near the DC
conponent Gl1, and changes a difference between the predicted val ue and an
actual val usefftieiantief Kjpprtccodg. shswh ebmrrlisy A@Bconponents Gl2 to (Qgg, 2
~ JAN 2003 - 4 since nost of the coefficients appear to be zeros, group ID
nunbers, whi ch Ddgat maprixoXmps depresehtehasPgnédmrenantcddf fi ci ents except
zero are divided according to the values of the significant coefficients,
and val ues hegizonsalwpnfl vert heabatizgctiongs ofr ehedeéxey Phecki ¢giiat cant
coefficients (run length of zeros) are formed. into Huffman cod(ﬁi by the VLC

circuit 12.1ipatde AYPZEPENYR LY the |ieegr BARSk - i ntBeRnFRf P

o e P vided | vl L I y
00T oo GRG0 5, e L Gl L5 llA Y SR agener )
direction Qhanage Lasbo cad i P LU etlidheyah! EbmpblER0 BEENNI NG
as been pefforred; I many’ cases all conponént's betome zefo whi ch occupy

the latter _if}a'éheone&@@cagt gyﬁggem,‘es&miq%m,Gcheaagesaaesmt eglfrom t he

| i ne quantization circul IS therefore expectéd that variable | ength

codes thus QRiaiRE, CRRePRiGREB! €86 efr fuchciPitheNcBRpbALh®. haE 8n
conpression ratio between 1 out of 2 and 1 out of 9 Is enployed, it is

possi bl e t aHeMaxduontan dirgetbawi ng hardly deteriorated quality.
General ly, the anount of data transmtted through a
The data matrixes output from the DCT converting
circuit 6 are input to a linear quantization circuit 8. A
quantization matrix generation circuit 18 generates

quantization matrixes Wj;; to Wgg (shown in Fig. 4C) which



transm ssion route per unit tine is fixed. When one screen nust be
transmtted at each predetermned tine interval, as when an inmage is,
.transmtted, it is desirabl.e that an output code be represented by 24#4N2W3
nunber fixed by an 2'3 JAN 2003 - 5 immge or pixel block unit. If a high
value is given to the coefficients C ngntioned previously, the ratio at

whi ch Gj assunes zero increases and the total nunber of bits of encoded
data NB decreases. The rel ationship between the coefficients C and the

total nunber of bits NB varies according to imges, and is expressed by a
nmonot one decreasi ng function. is known that such a relationship

regar di ng a&&%qrpeg%l Qeogsjeégggsggd th'lz“{ q,_g,‘r mc curve shown in
a P %o r

Fig. 4D. The ove- ment’i one rese edicting a

coef fi ci ent&Prf i MR, NPt g deH rc%téftfqt:aleneua@s&@él@htélmt

coefficient Cl is first encoded, and then the total nunber of bits nbl of a

t hus- obt ai ngsl gaskerdte delbeirTieedntd Br ediss esharml 1 G mimddia xeaelfici ent
Cp is calculated on the basis of the total nunber of bits nbl. Such

cal cul ati ontcawg goengr etdiectedf becherses tdeateogarputhitioc acmune iphaer 20.Fig. 4D
runs through a point (Cl, nbl). By repeating the above operation several
times, the Broumltofpldatra 26ncededlatasben obqedthiszh WWili ® &gpo0dXi n&t el y
several %errors with respect to the desired total nunber of bits NBO
However, theuanbiasy it erepeatedmpdehyothagl tetar spran: ifzgtdatrer mi ne t he
coeff|0|ents Cis a very tinme-consum ng process, and is not suitable for an

encodi ng apptrEtifs it iieteTmeasrr 48 RECPFAPRFT tWHi the QHFRUES Q11

predeternlned

Such a proc® qasoéxgﬁgnﬁ'}’géai’?’f?ﬁu#&to eg:?v°a|€ﬂ‘1‘:?}%1(‘:’grsn§ g?\é::g?clulngglegn
EPSﬁddeP?Lféf%hta{% SIS, BLEnerSRe P hafef o S o, O HasvenT! o
The presentf rwaeeulmé}aa%e@euh@@ss' BoViSV4 %AJ{}%&bove probl ens, and an
obj ect thereof is to prOV|de a sinply-construct mage processing
apparat us sui t abhge fmedlH Juand a8tRbRISL BERL P ed A Wicanandrd dat a.

an equation X;i4/Qij, and outputs it. The outputs of the

linear quantization circuit 8 are expressed as quantized

conversion data items G3; to Ggg. The quantized data items

G11 to Ggg are successively transmitted starting from DC-

components from a zigzag scan circuit 10. In other words,

the data items Gi; to Ggg are supplied from the zigzag

circuit 10 to a Variable Length Coding (VLC) circuit 12 in

the order of Gii, Gi2, G2i, G31, G22, Gi13, Giar G23, G32, Ga1

* Gas, Ggg, G77, Ggs, G7g and Ggg.
As regards, for example, a DC component Gii, the VLC
circuit 12 calculates a predicted value between pixel
blocks located near the DC component Gjj;, and changes a

difference between the predicted value and an actual value

into a Huffman code. As regards AC components Giz to Ggg,



To achi eve the above object, in accordance with one aspect of this

i nvention, an inmage processing apparatus conprises input nmeans for JAN 2003
. nputting i mage data; quantizing neans for quantizing the inmge data a(ﬂ
outputting quantized digital data; first encoding neans for encoding the
guanti zed digital data and outputting first encoded data; second encodi ng
nmeans for encoding data a bit sifted ffomthe quanti zed digital data and
second encoded data; and cal cul ating nmeans for calculating a suitable
guanti zi ng paraneter for quantizing the inmage data in accordance with the
first and second encoded data. Another object of this inventionis to
provi de an encodi ng nethod suitable for encodi ng noving i mages. A further
obj ect is tsdnseoWodE 8fnthA- SPebll Eifddi Rgrrarnbea. be Qem§1Al\9’2‘€)‘EB Ithe
enbodi ments and ot her ,objects of this invention wll e parent from
t he descrl;ﬁqmﬁ?gémdeFSPnFFSREthrﬁ%ﬂﬂﬂ%eéPFBn”ﬁﬁFH Fh%“} +?%ﬂfng dr awi ng.

BRI EF DESCRI PTJ ON.OF THE DRAW N h f t
enbodi nent ¢ qﬁ?ﬁ&?&SeﬁchHEeﬁ?TQN?é%:%EVLfegsgégg% ﬁﬁ%%ggnﬁﬁ ;rZecond

enbodi nent of th| %%ntl O”iff&aqnt Lde usff%cmg\é/sshg%ngaihgs con ?eing |é)nal

art: and Flgs ?5A to Vi ews strating fhe encodlng et hod shown in

Fig. 3. DEQSRHPUHQ“nGﬁbI@Eo?Fgggggﬁg}égg%gglyENgﬁe significant

coefficients (run length of zeros) are formed into Huffman
codes by the VLC circuit 12. Data indicating values in the
groups, into which the significant coefficients are
divided, is additionally coded.

In general, since the ratio at which high-frequency
components occur in the diagonal direction of an image is
low, it is predicted that, after zigzag scanning has been
performed, in many cases all components become zero which
occupy the latter half of the outputs represented by Gij
and transmitted from the line gquantization circuit 8. It
is therefore expected that variable length codes thus
obtained can be compressed at a very high ratio. 1If a
compression ratio between 1 out of 2 and 1 out of 9 is
employed, it is possible to reproduce an image having
hardly deteriorated quality.

Generally, the amount of data transmitted through a
transmission route per unit time is fixed. When one screen
must be transmitted at each predetermined time interval, as
when an image is transmitted, it is desirable that an

output code be represented by a bit number fixed by an



‘According to the enbodi nents of the present invention which will be

descri bed bel ow, an encodi ng apparatus, which quantizes data obtain d‘H% 003
.transformng image information to a frequency zone and then forns s ¢h a&%
into variable | ength codes, conprises a plurality of quantizing, a

cal culating, a calculating and generating, and a selecting neans. The
quanti zi ng neans performcontrol on The basis of a first set of control
coefficients; the cal cul ating neans cal cul ates the anmount of data when a
plurality of quantized data are fornmed into variable | ength codes: the

cal cul ati ng and generating neans cal cul ates and generates a second set of
control coefficients; and the selecting neans selects outputs which are
quanti zed &R@9FoPReliXfAtoPlogk3unit 2003 g  variable length codes using

the second set qQf control coefficients. Because of._the ructure as
descri bed above&ftﬁegégﬁtVS?“Soé?f?%X%ﬂn%f’& eafﬁgéfﬁﬁlgﬁégcgnd quanti zi ng

reans apbr Qaal el 8daYaLUes, a5, Copaad A bl S 20uRLL7Lagoeans.

Control coe cients*sSubs I ose to the desi contro

coeffi ci entig 62 ke QLA Agde oShICludled @i tRECESeRLBdeA LarRaakad! y
encode data and calculate the control coefficients, a process can be

perforned @eceals@Re! y ThedkespeednsHI® FIATeH theC 2B elEE ithehoggll ¥nappl i ed
to processing noving i mges. The enbodi nents of this invention will be

descri bed heleowdtaldauabler bifgbidsiiss ardd ek adicagiddmgs kowiimggielse findst
enbodi ment of this invention. In this figure, nunmeral 20 denotes an input
term nal ofisaexpralssgd blyewi mbontsngndecreadislige\iuwictiogi.gndlt ibisput t hr ough
the termnal 20 is digitized by an A/D convertor 22 into 8-bit data. The
8-bit dat a knowrhd&hagi wugdd abyedat Bonsigim| xrde fnen @ino R Veradsi L™2gei nto 8 x
8 pi xel blocks, and supplied to a DCT converting circyit 28 bl ock by bl ock.
The 8 x 8 BiSo&KPESSHEC EN EPPCAPFRDELRIPES fWYS PR &€ YPandE- as” the

D11 o Dyg i bIEsee TERCAPPER HER HE LIPS0 APERRY B0 cuit 28 i nto.
data matrifes ikhshg %98de293tdbRE EfCeds YN nEORER: 1B rRrotal
number of bits NBO. A coefficient C; is first encoded, and
then the total number of bits nbl of a thus-obtained code
is determined. A predicted value Cz of the coefficient Cp
is calculated on the basis of the total number of bits nbl.
Such calculation can be predicted because the logarithmic
curve shown in Fig. 4D runs through a point (Cj, nbl).

By repeating the above operation several times, the
amount of data encoded can be obtained within approximately
several % errors with respect to the desired total number
of bits NBO.

However, the process of repeatedly encoding data so as
to determine the coefficients C is a very time-consuming
process, and is not suitable for an encoding apparatus

which is required to transmit one screen at predetermined



2 3 JAN 2003 - 9 supplied to a zigzag scan circuit 30. The zigzag scan
circuit 30 operates in the sane manner as the zigzag scan circuit 19 33{,@/%03
.in Fig. 3, and outputs the.DCT converted data matrixes X11 to Xgg in the
order of X11, X12. X21. X31. X22. Xl 3r X14. X23. X32. X41 X85. X86. X77.
X68. X78. X87 and XBg. A quantization matrix generation circuit 36
generates the quantized matrixes X11-t® %XgB. However, in this enmbodi nent,
since data which has already been quantized is input to quantization
circuits 32a to 32d, the quantized matrixes X11 to Xgg are generated in an
order corresponding to the order of zigzag scanning, and supplied to
multipliers 38a to 38d. Initial coefficients Cl1 to C4, serving as control
coef fici enttsir@, imterivedst r ench avaidvigierimageiscul §ueh agprocehe ksl tipliers
38a to 38d, respectively. In the sane manner as in the conventional art
descri bed éEFRAEdHYy difFACHLF tFpIRREC IV 539§ €4 carsréathenquanti zed
matrixes X11 to, Xge and the control, coefficients Cx using an equation (W]
x Ox/ Cp), amFdut &?ﬁtﬁﬁéﬁ?%yt%ﬂqmﬁ%mg@ﬁl@i PEuft §e§gahf~8h3‘2él‘? The
guanti zation circuits _32a,t 2d. quantize .conversiaon cqoefficients, which
are controlr‘laet(f’bfutch‘ea@oﬁtl?glg%g’eq ti’t?réﬁ"tesle(‘ffstl(?nca,lgﬁﬁ S2i §2%g- scanned in
a quanti zi 'Igarﬁ:tl The quantization circuits 32a to 32d out put these
coefficients to variable | ength coders (VLCs) 2 ~ JAN 2003 - to 90a to

40d. In thignamedigrete theeykfsy 40a to 40d do not output data which has
actual | y béeen encoded, put only output information nbl to nb4 regarding the

total nunber of ThHe pralsefdChndenetsh W) ddun Wade 4@aviewdBd paeformthe
sanme process as the VLC 12 shown in Fig. 3. The coefficient cal cul ator 98
cal cul at es abs@niprableas f kAl et ESamedtHaedthdsdes pedvidkak nunber of
bits and outputs it to a nultiplier 38e. This calculation is perforned

usi ng t he comalyi-ccostiactedt $mBie tprae saicha keparkansaisudhahbe fornb4
output fromthe VLCs 40a to 40d, respectively. The coefficient calculator
48 out put s XBRITGINSG GePrEEREATBLITH ARPUDL iegisoged dakaes approximte to
the control coefficient C5, to nultipliers 38f and 38g and to termnals 44a
to 44c of a swi tXh aFRleMERYE 2D PRILGy dredCSSPrERR o 1ERudPet o Cn and

I th I 1 (Cn < CS < Cn+l)~ then CG i ter th

cqual o CRIRFS 6 it teestiefon. g Jhage metbecsing gester sehan oo and
I th t 1 <Ol o Nl ~ ' b D

| eoe e, Ul d 2t nl e O il VIRES Ueks,SESEhEl D O
coef fici entf AL 3 %Iaﬁq._gqi?%tt_gg j%l&}d gq,dwﬁh?%tggg ration circuit

36 and using the control coetficien to C~. | way as the

abloye- ment i QARad Rdd idilyieas 488af or 38k dhidiHd infdlan®r $o38@ncodirgJAN 2003
- |

the quantized digital data and outputting first encoded
data; second encoding means for encoding data a bit sifted
from the quantized digital data and second encoded data;
and calculating means for calculating a suitable quantizing
parameter for quantizing the image data in accordance with
the first and second encoded data.

Another object of this invention is to provide an
encoding method suitable for encoding moving images.

A further object is to provide a high-speed encoding

method.



to 38g output the matrixes and the control coefficients to quantization
circuits 32e to 32g during a vertical blanking period. A DCT convers&emANzw
coefficient is output fromthe zigzag scan circuit 30, delayed by a ¢*¥ ;
one-frame delay circuit 34, and then input to quantization circuits 32e to
32g. The quantization circuits 32e to §29 guanti ze the conversion
coefficient, which has been controlled’'by the control coefficients C5 and
C6 in a quant|2|ng step, and output it to variable |length coders (VLCs) 40e
to 40g. In this enbodinment, the VLCs 90e to 40g not only output data which
has actual |y been encoded to entry buffers 42a to 42c, but also output the
total nunber of bits nb5 to nb7 to a judgnent circuit 50. The j udgnent
circuit SO out pdhe, eﬁ8°§&ﬂ?6ﬁ%samﬁ-%ﬁﬁ?%ﬂ?blﬁﬁFé ﬂﬁl&ﬁl§eP88F§tiﬁé result of
guanti zi ng onversion coeffjcient so that the res i S _nearest but not
Tore t hantHd TqBSTPBA PBPAFSRENBEA™ Gineh ASsCrHRG LR, AP Cb it RaCABER o 42
accunul ate encoded %ﬁta gngh the(gﬂf enent CIrCUIt SO outputs the result

of judgeneﬁf CPRECSWPEN Y22 s ?%c% ’E%n PoI*"Coef ficients on the basis

of the judggrght EB§E§I9E‘EBW§FUW§”6FPAV?H{E§ tiplexes 52. The switch 46

selects th atputs 1t to the nmultiplexes 52. The

nul tiplexes 52 mylgtipl ¢xeq Lb@wcmswﬂ{g faoeffﬁﬂs@ e%edaﬂenene@deﬁedata and
outputs themto an output term nal 54 3 (!~ - ~2 Fig. 2is a

bl ock di agrpasehewingehheofigcond errbodl nent of th| s | nventl on. Conponents
operating in the same manner as those in the first embodinent are
identified by tlrgsae isekertaeesihainstLrsecohdDEnboddfbnei efit thiem a
zigzag circuit 30 is output to a one-frame delay circuit 34 and a

guant i zat i dmveintdent; 60. A nultiplier 62 first calculates an initial
coefficient Cl and quantized matrixes wil to WBg output froma quantization
matrix generati &ridoi Bcdist a3gieqhehondng gilecaventdenadt paty Pﬁg
coefficient and uantized matri xes to the quantization circuit 60. The
initial control F&GSrf 4A &Rt 4B12FS BiRWUL ¥ ihratdogr thei BRCOSIPGUl at or 64.
The quanti zati.on, ci.rcuit, 68 uaptizes the DCT coefficient which has been
cont rol | ed FO%k SESKEY &P 6§ ftient O, and outputs it to variable |ength

coders (VL%S%%,III%@%@l g g ?ﬁ%ﬁéi%*ﬁb#ﬁm performed in a quantizing

step. If t DCT coefficient is K

bits, K bits areuyiaihgt @ot Bfe Vbfbd@medts D RiHes tpfff eS et B%eh%;bhe _
Iow—order bit of the VL& 40b; (K-2) bits are output to the Ioworder bit of

the VLC 40Gqh iand hﬁ'il3bebﬁb§c§i6e@%@%wi Oart Nehdcd¥nRy @pppaltiate u@f, theckl C 40d.
As in the first enbodinment, the VLCs 40a to 40d do not output encoded data,
but out put cttmritﬁ&e@)e!faftlaCbBﬂhlﬁaﬂcwaﬁfﬁnﬁfbmﬂr;g iinfagjednifermaltliono nb4 2
3 JAN Z003 - 13 regarding the total nunber of bits of each screen. The

out put of ttee agqfnegueacyorcoer 8adt tBén i Soxms feuh @Gata Infia yardabie a

| ow-order direction, and then connected. By such an operation, the VLC 90a
changes a q]tﬁa"rﬂ'-'lhzé-‘@d&ﬂ PEPTPREABER #SPLOFRIBIY *F ISpartd zimar & control
coefficient Cl, into a variable |ength code; the VLC 40b changes ,a

quant i zed cﬁﬁ];ﬁ}'tlatvbﬁ‘igchal §a&GHﬁPFk% R4 n%je%tersactéﬁ‘gsl ARG R c"@lteﬁ’&tme t he

initial control into a var abI e I t.h co he .VLC 40c

f
changes a ZJ Ith:b%tr‘]’ 1\ﬁﬁf‘€hm?§nf]u%?ﬁ laoé’t f@"isour tines
that of the tfﬁjstc%@ttr Qe 88§£ g g{:‘éf%c A\Eso, q aréaq_l%l elatﬁ'?x h code:

the VLC 90d° chan es a quanti Z 'S quantl 760 ysing a step

si ze ei ght rﬁé l}%tul%ftetsh?hbnhﬁ\bg'}l cgﬁtag%a Gaedd 1! Q}ra ]Jﬁ'ly to nb4

vari abl e Ien I'n ot her wor e anmount of

formed int laA@oe daeragtaf}eceeeﬁ.eaepﬁeéeoaélémfe aa@mtn Qfaddat anencoded by
cont rol coef|C|ents C1, x 2, O x 4and O x 8. It is thus possible to
decr ease t heanduTearinef aam@éﬁé&aeﬂdgtﬁe&hgpéafduld&sﬁdd&tgﬁrﬁéz@fte@ mcuitry
by shifting bits. The coefficient cal culator 64 determ nes a control

coef fici entseond tdetr efpecntirolt heedeésciedt emamd tife exedeEtitigng Meians
determ nation is based upon the amount of data, nbl to nb9, forned into the
vari abl e | esgfiectcodes radusr ebpohdang goantezedrnd| fooedd iigitent s C1, Cl x 2,
Cl x




2 ~ JAN 2003 - 14 4, and C1 x 8. The coefficient cal culator 64 also
determ nes not only C6 = C5 - oc, serving as a value approximate to the
control coefficient C5, but also C~ = C5 + Qc, serving as a value 23 JAN 2003
approximate to the control coefficients C6 and C~. It outputs the control
coefficients C5 to C~-to nultipliers 38e to 38g, respectively. A process
thereafter is performed in the same maner as in the first embodi ment. As
has been descri bed above, the inage encoder of this invention, which

guanti zes data obtained by transformng imge information to a frequency
zone so as to formsuch data into variable | ength codes, is capable of
setting the anount of data at every predetermned tine interval to the
desired anoualriabdepleongssi dedd hauhaiq tale seicYnli gBt Speedondhel present
invention may be applied to processing inmages in notion as well as at rest.
Bits may be chifffiedeaone. by one or two by two. Instead of controlling
control coefficients, the contents of a quantization table nmay be changed.
The present inveBercensesofiothe sttt une tase desbodbadnésodescthided above,
and various nodifications and application may be possible within the scope
of the cl ai montr2l-coaffPopents Idbtaingd by 8 HeEoRdTqganphzinggeedtHcessi ng
apparatus conprising: input neans fo.i inputting inmage data; quantizing
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data; first ti fOor. o ti first.inf ti d
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information regarding a”data amount which is obtained when the bit shifted
quanti zed | rR}@ rdat dckBreocofed, angksAl LAl e peRRS-hes gél culating a

sui tabl e quanti zi ng paranmeter for quantizing the Image data in accordance
with the firesdrendlyeB0gH spéod MITHE).apparatus can be thoroughly -
applied to processing moving images.

The embodiments of this invention will be described
below in detail. Fig. 1 is a block diagram showing the
first embodiment of this invention.

In this figure, numeral 20 denotes an input terminal
of an analog television signal. A television signal input
through the terminal 20 is digitized by an A/D convertor 22
into 8-bit data. The 8-bit data is then divided by an 8 x
8 block formation circuit 26 into 8 x 8 pixel blocks, and
supplied to a DCT converting circuit 28 block by block.

The 8 x 8 block formation circuit 26 operates in the same
manner as the block formation circuit 4 shown in Fig. 3.

As in Fig. 3, pixel data items Dj;; to Dgg in blocks

are converted by the DCT converting circuit 28 into data

matrixes Xj;1 to Xgg regarding the frequency zones, and are



2. An apparatus according to Claim1l, further conprising neans for
perform ng orthogonal transformon the inage data. An apparat us accgﬁqhggmn
.to Jaim1, wherein the suitable paraneter is a paraneter which is S&t

that the anpbunt of encoded i nage data of one screen is less than a
predeterm ned anount. 4. An inage processing apparatus according to claim
1, further conprising del ayi ng means- f&r- del ayi ng the i nage data while said
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of generating second information regarding a data anmount which i s obtained
when the bi €ataj reerixpmnitiizéd Xemgen ddiea drsleanodd&dy, a¥xk-a Xeal c¥bnt i ng
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BuyCPI*:h}~59?of%3{V]cPa]ca]ca]ca]ca]ca]ca]ca]ca]caLﬂcaLﬂcaLﬂca]caLﬂcaLﬂcaU

]Ca]Ca]Ca]Ca]Ca]ﬁ“g&gggf;ﬁé%ﬁ&:%L%Q%LC%L%ngglgnaé&gcﬁat 36 generates
the quantized matrixes Xj; to Xgg. However, in this
embodiment, since data which has already been quantized is
input to quantization circuits 32a to 32d, the quantized
matrixes Xj1 to Xgg are generated in an order corresponding
to the order of zigzag scanning, and supplied to
multipliers 38a to 38d.

Initial coefficients C; to C4, serving as control
coefficients C, are fed from a coefficient calculator 48 to
the multipliers 38a to 38d, respectively. 1In the same
manner as in the conventional art described previously, the
multipliers 38a to 38d calculate the quantized matrixes Xjj3
to Xgg and the control coefficients Cx using an equation
(Wij x Cx/Co), and output them to the quantization circuits
32a to 32d. The quantization circuits 32a to 32d quantize
conversion coefficients, which are controlled by the
control coefficients C; to C4, and zigzag-scanned in a
quantizing step. The quantization circuits 32a to 32d

output these coefficients to variable length coders (VLCs)
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The coefficient calculator 48 calculates a control

coefficient Cs used for the desired total number of bits

and outputs it to a multiplier 38e. This calculation is

performed using the control coefficients Ci3 to C4 and the
information nbl to nb4 output from the VLCs 40a to 40d,
respectively.

The coefficient calculator 48 outputs control
coefficients Cg and C7, which are values approximate to the
control coefficient Cs, to multipliers 38f and 38g and to
terminals 44a to 44c of a switch 44.

However, when Cs is greater than or equal to Ch and

less than or equal to Cn+l (Cn < C5 < Cn+1)' then C6 is

greater than or equal to Cn and less than C5 (cn < c6 <

CS)' and C7 is greater than C5 and less than or equal to

Cn+l (C5 < C, < C

T = n+1)'
to 1 and less than or equal to 3 (1 <n < 3).

where n is greater than or equal

The matrixes and the coefficients are calculated by
the quantization matrix generation circuit 36 and using the

control coefficients Cg to C7. In the same way as the

above-mentioned multipliers 38a to 38d, the multipliers 38e



10 10S ,; 10%&' ()-S/ 10%& ()-yS-10%& ()-7 d }"~<.C 10!'$- 10%&' () - nB-

10%& () - 10%ld& ()- 10%& ()- !l 109%ZZ& ()-F | 10% ()-F 'gHC 10! 10U&8AN 1003
1096G& ()- 109G& ()-y1l09%G&.()-' 109%G& ()- 10 10J-./0=C&C 10! -

10%v& ()-10%& ()-' f10%m& ()- 10G 10G 10G 11096G& () -

- 11 -

to 38g output the matrixes and the control ccefficients to
quantization circuits 32e to 329 during a vertical blanking
period.

A DCT conversion coefficient is output from the zigzag
scan circuit 30, delayed by a one-frame delay circuit 34,
and then input to quantization circuits 32e to 32g.

The quantization circuits 32e to 32g quantize the
conversion coefficient, which has been controlled by the
control coefficients Cs and Cg in a quantizing step, and’
output it to variable length coders (VLCs) 40e to 40g. 1In
this embodiment, the VLCs 40e to 40g not only output data
which has actually been encoded to entry buffers 42a to
42¢, but also output the total number of bits nb5 to nb7 to
a judgment circuit 50. The judgment circuit 50 outputs, to
switches 44 and 46, data which selects the result of
quantizing the conversion coefficient so that the result is
nearest but not more than the desired total number of bits.
The entry buffers 42a to 42c accumulate encoded data until
the judgement circuit 50 outputs the result of judgement.
The switch 44 selects the control coefficients on the basis
of the judgement, and outputs them to a multiplexer 52.

The switch 46 selects the encoded data, and outputs it to
the multiplexer 52. The multiplexer 52 multiplexes the
control coefficients and encoded data, and outputs them to

an output terminal 54.
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Fig. 2 is a block diagram showing the second
embodiment of this invention. Components operating in the
same manner as those in the first embodiment are identified
by the same reference characters.

A DCT coefficient from a zigzag circuit 30 is output
to a one-frame delay circuit 34 and a quantization circuit
60. A multiplier 62 first calculates an initial
coefficient C; and quantized matrixes Wj; to Wig output
from a quantization matrix generation circuit 36. The
multiplier 62 then outputs the coefficient and quantized
matrixes to the quantization circuit 60. The initial
control coefficient C; is output from a coefficient
calculator 64. The quantization circuit 60 quantizes the
DCT coefficient which has been controlled by the control
coefficient C;, and outputs it to variable length coders
(VLCs) 40a to 40d, this quantization being performed in a
quantizing step. If the total number of bits of the
quantized DCT coefficient is K bits, K bits are output to
the VLC 40a; (K-1) bits are output to the low-order bit of
the VLC 40b; (K-2) bits are output to the low-order bit of
the VLC 40c; and (K-3) bits are output to the low-order bit
of the VLC 40d. As in the first embodiment, the VLCs 40a
to 40d do not output encoded data, but output to the

coefficient calculator 64 only information nbl to nb4
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regarding the total number of bits of each screen. The
output of the quantization circuit 60 is shifted 0 to 3
bits toward a low-order direction, and then connected. By
such an operation, the VLC 40a changes a quantized output,
which is controlled by the initial control coefficient Cj,
into a variable length code; the VLC 40b changes a
quantized output, which is quantized using a step size
twice that of the initial control coefficient Ci;, into a
variable length code; the VLC 40c changes a quantized
output, which is quantized using a step size four times
that of the initial control coefficient C;, into a variable
length code; the VLC 40d changes a quantized output, which

is quantized using a step size eight times that of the
initial control coefficient C;, into a variable length
code. In other words, the amount of data, nbl to nb4,
formed into variable length codes represents the amount of
data encoded by control coefficients C;, C;3 x 2, C1 x 4 and
Ci1 x 8. It is thus possible to decrease the number of
encoders and to simplify the structure of circuitry by
shifting bits.

The coefficient calculator 64 determines a control
coefficient Cs with respect to the desired amount of
encoding. This determination is based upon the amount of

data, nbl to nbd4, formed into the variable length codes

corresponding to the control coefficients C;, C1 x 2, C1 x
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4, and Cy x 8. The coefficient calculator 64 also
determines not only Cg = Cs - O, serving as a value
approximate to the control coefficient Cs, but also C7 = Cg
+ ¢, serving as a value approximate to the control
coefficients Cg and Cy7. It outputs the control
coefficients Cs to C7 to multipliers 38e to 38qg,
respectively. A process thereafter is performed in the
same manner as in the first embodiment.

As has been described above, the image encoder of this
invention, which quantizes data obtained by transforming
image information to a frequency zone so as to form such
data into variable length codes, is capable of setting the
amount of data at every predetermined time interval to the
desired amount and processing the data at very high speed.

The present invention may be applied to processing
images in motion as well as at rest.

Bits may be shifted one by one or two by two.

Instead of controlling control coefficients, the
contents of a quantization table may be changed.

The present invention is not limited to the embodiments
described above, and various modifications and application

may be possible within the scope of the claim.
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CLAIM SHEET

1. An image processing apparatus comprlsing:

input means for inputting image data;

quantizing means for quantizing the imago data and
outputting guantized the image data;

first generation means for generating first
information regarding a data amount which is obtained when
the guantized image data 1s encoded:

shifting means for performing a bit shift on the
quantized image data in order to reduce an amount of the
quantized image data and outputting bit shifted quantized
image data;

second generation means for generating second
information regarding a data amount which is obtained when
the bit shifted quantized image data is encoded; and

calculating means for calculating a suitable
quantizing parameter for quantizing the image data in

accordance with the first and second information.

2. An apparatus according to Claim 1, further
comprising means for performing orthogonal transform on the

image data.

3. An apparatus according to Claim 1, wherein the
suitable parameter is a parameter which is set so that the
amount of encoded image data of one screen is less than a
predetermined amount.

4. An image processing apparatus according to claim 1,
further comprising delaying means for delaying the image
data while said calculating means perform calculating.

5. An apparatus according to Claim 1, wherein said
apparatus is an apparatus for encoding moving images.
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a first generation step of generating first
information regarding a data amount which is obtalned when
the quantized image data is encoded;

a shifting step of performing a bit shift on the
quantized image data in order to reduce an amount of the

gquantized image data outputting bit shifted gquantized image
data;

a second generatlion step of generating second
information regarding a data amount which is obtained when
the bit shifted quantized image data is encoded; and

a calculating step of calculating a suitable
guantizing parameter for guantizing the image data in

accordance with the first and second information.



