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1 IMAGE PROCESSING APPARATUS AND METHOD

BACKGROUND OF THE INVENTION

Field of the Invention

5 The present invention relates to.an apparatus and
method for encoding an.image. More particularly, it
pertains to an apparatus and method for quantizing
conversion data obtained by transforming image information
to a frequency space so as to encode such data. |

10 Related Background Art

An Adaptive Discrete Cosine Transformation (ADCT)
encoding system used as a method for encoding color imags
signals has gained attention in recent years. A Joint
Photographic Expert Group (JPEG), which was founded as an

15 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.

LTI
LTS

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

25 raster scanned digital image signal is input from a CCD
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sensor (not shown) to the input terminal 2, and then to an
8 x 8 block formation circuit 4, where it is second
dimensionally divided into 8 x 8 pixel blocks, and then
transmitted pixel block by pixel block to components
connected to the formation circuit 4.

. Numeral 6 denotes a DCT converting circuit for
changing the image signal transmitted from the block
formation circuit 4 into discrete cosine transformation so
as to output 8 x 8 data matrixes regarding a fregquency
zone. In ather words, the DCT converting circuit 6
converts pixel blocks forming image data items Dj1 to Dgg
shown in Fig. 4A into data matrixes forming DCT
coefficients X131 to Xgs shown in Fig. 4B.

Data matrix Xj;; represents a DC coﬁponent in
horizontal and vertical directions of the pixel block, that
is, the average value of the pixel block. When the DCT
coefficients Xj;; to Xgg are expressed as Xij, the greater
the "i" increases, the higher the frequency a component has
in the vertical direction; similarly, the greater the "j"
increases, the higher the frequency the component has in
the horizontal direction. _ |

The data mhtri#és output from the DCT converting’
Circuit 6 are input to a lineaf-quantization circuit 8. A
Quantization matrix generation circuit 18 generates

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

—_—

heet Has Been Replaced :

T




s v—————“;
The outline of such an encoding systemw || be described brlefl
Fig. 3 is a block diagran1i|Iustrating~t%2ﬁ appr oxi mat e
conventional encoding system wutilizing Fi gs. A Vi
illustrating the encoding systemshown in Fig. 3. ii'”“'notes an
input terminal of a digital image signal to be enco ; raster scanned
digital image signal is input froma CCD

1 show the weight of a step of quantizing the DCT
coefficients X313 to Xgg. A coeffiéient generation circuit
16'generates coefficients C. The quantization matrixes Wi
to Wgg and the coefficients C are input to a multiplier 20.

S The multiplier 20 calculates an equation (Wjjy x C/Cp). A
quantizing step performed by the linear quantization
circuit 8 is determined in accordance with the outputs Qi1
to Qgg of the multiplier 20. The coefficients C are
positive values which control image quality and the amount

10 of data generated, whereas Cy is a constant.

The linear quantization circuit 8 actually calculates
an équation X13/Qi4, and outputs it. - The outputs of the
linear Quantization circuit 8 ére expressed as quantized
conversion data items G;; to Ggg. The quantized data items

15 G131 to Ggg are successively transmitted starting from DC
components from a zigzag scan circuit 10. In other words,
the data items Gj; to Ggs are supplied from the zigzag _
circuit 10 to a Variable length Coding (VLC) circuit 12 in
the order of Gi11, Gi2, G21, G3i, G22, G13.-G14.'stv G32, Ga1

20 --- Ggs, Gge, G717, Ges, G7s and Ggg.

As regards, for example, a DC component Gii, the VLC
circuit 12 calculate; a predicted value between pixel
blocks located near the DC component Gi1, and éhanges a

difference between the predicted value and an actual value .

25

intg a Huffman code. As regards AC components.Glz to Ggsr
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-2- . sensor (not shown) to the input termnal 2, and then to an 8 x 8
bIock formation circuit 4, where it is seqond dinensionally divided into 8
X '8 pixel blocks, and then transmtted pixel block by plxel
conponent s connected to the formation circuit 4. ;

DCT converting circuit for changing the inage signd
bl ock

1 since most of the coefficients appear to be zeros, group ID
numbers, which identify groups into which significant
cqefficients except zero are divided aécording to the
values of the signifiéant coefficienﬁs, and values combined

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

10 In gegeral, sinée the ratio at which high-frequency

- components occur in the diagonal direction of an image is

loﬁ, 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

15 and transmitted from the line quantization circuit 8. It
is therefore expected that variahie 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

20 hardly deteriorated quality.

Generally, the amount of data transmitted thfough a
transmission route pér unit time is fixed. When one screen
st be transmitted at each predetermined time interval, as

, “hen an image is tr;nsmitted, it is desirable that an
5

: %utput code be represented by a bit number fixed by an

—_——— .
———
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formation circuit 4 into discrete cosine transformation so as to output 8

X 8 data matrixes regarding a frequency s5zene. In other words, the DCT
‘converting circuit 6 converts pixel blocks form ng inage: data itens Derr]

to Dlerr] shown in Fig. 4A into data matrixes forn ng-bEF—coeffi-cients
X[err] to X[err] shown in Fig. 4B. Data matri x XPerr] spdpraS BREN (a DC
conponent in horizontal and vertical directions of the pi REFLNEEK, tRat
is, the average value of the pixel block. Wwen the DCT coefficients X err]
to Xerr] are e ressed S gé the greater the "i" increases, the higher
t he frequeﬁcym&‘;g ‘?al fPAgck unit:

If a hlgh value is given to the coefficients C
mentioned previously, the ratio at which Gij assumes zefo
increases and the total number of bits of encoded data NB

5 decreases. The relationship between the coefficients C and
the total number of bits NB varies according to images, and
is expressed by a monotone decreasing function. It is
known that such a relationship regarding an average image.
is expressed by the logarithmic curve shown in Fig. 4D.

10 The above-mentioned JPEG presents a method of
predicting a coefficient Co for obtaining thé desired total

_ 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 Co

15 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

2 *
0 severa] errors with respect to the desired total number

of bits NBO.

Hoﬁever, the précess of repeatedly encoding data so as
t0 determine the coefficients C is a very time-consuming
pr°°938' and is not suitable for an encoding apparatus

5 wh , .
leh i required to transmit one screen at predetermined

———

—————
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in the vertical direction; simlarly, the greater the "j" increases, the
higher the frequency the conponent has n- the horlzontal di rection.

‘The data matrixes output fromthe DCT. converting circyit 6 are |nput to a
| i near quantization circuit 8 A quantization matrix Qr rcuit 18

generates quantization matrixes Werr] to Werr] (sh ££SA{%E_
ED

1 time intervals, su;h as moving images. Such a process is
extremely difficult to perform in terms of calculation
speed, particularly when image signals of a very high bit
rate, such as high definition television signals, are

5 handled.

SUMMARY OF THE INVENTION

-The present invention has been made in view of the
above problems, and an object thereof is to provide a
simply-constructed image processing apparatus suitable for
10 obtaining a predetermined amount of encoded data.

To achieve the above object, in accordance with one
aspect of this invention, an image processing apparatus
comprises input means for inputting image data; quantizing
means for quantizing the image data and outputting

15 quantized digital data; first encoding means for encoding
the quantized digital data and outputting first encoded
data; second encoding means for encoding data a bit sifted
from the quantized digitél data and second encoded data;
and calculating means for calculating a suitable quanfizing

20 parameter for quantizing the image data in accordance with
the first and second encoded data.

Another object'éf this invention is to provide an

encoding method suitable for encoding moving images.

A further object is to provide a high-speed encod;ng
] method,
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shOM/thelmeight of a step of quantizing the DCT coefficients Xerr] to

‘X[err] A coefficient generation circuil 5 16 generates coefficients C.  The
Qquantization matrixes Werr] to Werr] and the coefficients C are input to
a multiplier 20. The multiplier 20 cal cul ates an equatj.on. (Mlerel—x
Cderr]). A quantizing step perforned by the |i neaniSoiEmRt izt BN {circuit
8 is determned in accordance with the outputs Qerr] ®BPIZE&HY] of |the

mul tiplier 20. The coefficients -C are positive vartues which .control inage

quality and the anount
1 The embodiments and other objects of this invention

will become apparent from the description and claim taken
in connection with the following drawing.
BRIEF DESCRIPTION OF THE DRAWINGS
5 Fig. 1 is a view showing a first embodiment of the
present invention; |
fig. 2 is a view showing a second embodiment of this .
invention;
Fig. 3 is a view showing thé conventional art..and
10 Figs. 4A to 4D are views illustrating the encoding
method shown in Fig. 3.
RIPTION THE PREFERRED EMBODIMENTS
According to the embodiments of the present invention
which will be described below, an encoding apparatus, which
15 quaptizes data obtained by transforming image information
to a frequency zone and then forms such data into variable
length codes, comprises a plurality of quantizing, a
calculating, a calculating and generating, and a selecting

meéans. The quantizing means perform control on the basis

20 of a first set of control coefficients; the calculating
Means calculates the amount of data when a plurality of
q“antized data are férmed into variable length codes; the
CaICulating and generating means calculates and generates a

é , Second set of control coefficiénts; and the selecting means
i 3 '

s . . .
lects cutputs which are quantized and formed into
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of data dgknerated, whereas Co is a constant. The |inear quantization
circuit actually calculates an equati®n-X[err]/err], and outputs it.
The out puts of the |linear quantization circuit 8 are expressed as

quanti zed conversion data itens Jerr] to { erd._The. quanti.zed.data itens
Gerr] to Jerr] are successively transmtted stjarHiy SGEET 8weDECEN fonponent s
froma zigzag scan circuit 10. In other words, {the dRERAACEEBNMs Jerr] to
Jerr] are supplied fron1the zigzag circuit 10 to a Variable Length Codi ng

VLC t 12 ,
(G[erz] ° Ei[cglrr}'anﬁlbg?r} r ﬁdesq"GL' Lhe%ﬁc@h ]sgtar"é] FPGL Bbrr] G[ar;]rr] :

Gerr] and ¢ ‘Eéééncxents.

Because of the structure as described above, the

control coefficients obtained by a second quantizing means

s approach desired values as compared with a first quantizing
means. Control coefficients substantially close to the
desired control coefficients can be'obtained. Since it is
not necessary to repeatedly encode data and calculate the
control coefficients, a process can be performed at

10 extremely high speed. The 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.

15 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

20 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 Di3 to Dgs in blocks

are converted by the DCT converting circuit 28 into data

2

Matrixes X;; to Xgg regarding the frequency zones, and are

. This Sheet Has Been R laced




“As regar g, for exanple, a DC conponent Jerr], the VLC circuit 12
cal cul at a predicted val ue between pi-xel - bIocks | ocated near the DC

conponent;(ierr] and changes a difference between the predlcted val ue and
an actual value into a Huffman code. As regardffﬁgggggpp rr] to

arc FIAS HEEN
e . 4 REPLACED

| supplied to a zigzag scan circuit 30. The zigzag scan

circuit 30 operates in the same manner as the zigzag scan

circuit 10 shown in Fig. 3, and outputs the DCT converted
data matrixes Xj3 to Xgg in the order of Xii, Xi12, X21, X31,

5 X2, X13, X14, X23, X32, X41 -+ Xgs, Xse, X717, Xes, X78, X87
and Xgg. .

A quantization matrix generation circuit 36 generates
the quantized matrixes X33 to Xgg. However, in this
embodiment, since data which has already been quantized is

10 input to quantization circuits 32a to 32d, the quantized
matrixes X;; 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 Cg, serving as control

15 coefficients C, are fed_from a coefficient calculator 48 to
the multipliers 38a to 38d, respectively. In the same
manner as in the conventional art described previously, the
multipliers 38a to 38d calculate the guantized matrixes Xii
to Xgs and the control coefficients Cx using an equation

20 Wiy x Cx/Cqg), and output them to the quantization circuits
32a to 32d4. The quantization circuits 32a to 324 quantize
Conversion coefficients, which are controlled by the

, control coefficients C1 to C4, and zigzag-scanned in a

Wantizing step. The quantization circuits 32a to 32d

P3

o
Utput these coefficients to variable length coders (VLCs)

is Sheet Has Been Replaced.
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" since nost the coefficients appear to be zeros, group ID nunbers, which
I dentify gfoups into which significant coeff|C|ents except zero are

*divided acgording to the values of the significantreefficients, and
val ues conpined with the nunber of zeros preceded|by“thke.sjgniTice
coefficiengs (run length of zeros) are forred into mREPLAepg €€ DY/ t he
VLC circui§f 12. Data indicating values in the groups, i '
significant coefficients are divided, is additionally coded. I'n
general , since the raglo é whi ch hlgh frequency :

In this embodiment; the VLCs 40a to 40d do not output
data which has actually been encoded, but only output

information nbl to nb4 regarding the total number of bits

5 of each screen when the VLCs 40a to 40d perform the same
process as the VLC 12 shown in Fig. 3.

The coefficient calculator 48 calculates a control
coefficient Cs used for the desired total number of bits
and outpgts it to a multiplier 38e. This calculation is

10 performed using the control coefficients C; 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 C9, which are values approximate to the

15 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 Cph and
less than or equal to Cn+1 (Cn < C5 < Cn+1). then C6 is
‘greater than or equal to Cﬁ and less than Cg (cn 2 Cg <

20 Cs). and C, is greater than C; and less than or equal to
Cn+1 (CS <€y g ¢n+1); where n is greater than or equal
to 1 and less than or equal to 3 (1 ¢ n < 3).

The matrixes and the coefficients are calculated by

the quantization matrix generation circuit 36 and using the
25 control coefficients Cs to C7.. In.the same way as the

_ @bove-mentioned multipliers 38a to 38d, the multipliers 38e

‘"\'\—\
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conponent sgbccur in the diagonal direction of an image is low, it is

predi cted ghat, after zigzag scanni ng hasy jpeen perfornmed, in many cases
al'l conpongnts becone zero which occupy the latt al f of the outputs
representedl by Gj and transmtted fromthe line quﬁggh' :
It is therefore expected that variable length cofes thgﬁ'rB§Samﬁﬁ can be
conpressed:at a very high ratio. If a conpression ratr
and 1 out of 9 is enployed, it is possible to reproduce an inma

hardly deteriorated quality. General ly, the anmount of data
transnmtted th&@mgm'gutput the matrixes and the control coefficients to

quantization circuits 32e to 32g during a vertical blanking
period.
A DCT conversion coefficient is output from the zigzag

s scan circuit 30, delayed by a one-frame delay circuit 34,

and then input to quantization circuits 32e to 32g.

" The quantizatien circuits 32e to 32g quantize the
conversion coefficient, which has been controlled by the
control coefficients Cs and'cs in a quantizing step, and

10 -output it to variable length coders (VLCs) 40e to 40g. 1In
this embodiﬁent, the VLCs 40e to 40g not only output data
whieh has actually been encoded to entry buffers 42a to
42¢, but also output the total number of bits nb5 to nb7 to
a judgﬁent circuit 50. The judgment circuit SO0 outputs, to

15 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 te 42c accumulate encoded data until
the iudéement circuit SO0 outputs the result of jhdgement.

20 The switch 44 selects the control coefficients on the basis

°f 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

oatrol coefficients and encoded data, and outputs them to

2

a
7 output terminal 54.

—
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nunber

transm ssi
transmtt
< fransmtt

fi

n route per unit tine is fixed. When one screen nust be
at each predetermned tine interval, as when an imge is

, it

is desirable that an output code be represented by a bit

d by an ‘12
THIS SHEET HAS BEEN
REPLACED
1 Fig. 2 is a block diagram showing the second

10

15

20

25

émbodiment 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 Ci1 and quantized matrixes Wi to Wsg outpuf
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 C3; 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 nbd

—_—
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| mage- or xel bl ock unit. If a high value is given to the
coefficierfs C nentioned previously, the3ratio at which G ] assunes zero
increases pnd the total nunber of bits of encoded data NB decreases. The
rel ati onshf p between the coefficients C and the total nunmber of bits NB
varies accprding to images, and is expressed by a nonotone decre
function. §t is known that "such a relationship regardi wegfN \mage
is expressed by the logarithm c curve shown in Fig. :

above- nent§ oned JP sent od of ., predicti —BRT Cb-for
obt ai ni ng } he w$gaf Jen tg} Qo?:a? u}nger oé b:R:s %fceag é"

output of the quantziation circuit 60 is shifted 0 to 3

pits toward a iow-order direction, and then connected. By
such an operation, the VLC 40a changes a quantized output,

5 which is controlled by the initial control coefficient C;,
into a variable length code; the VLC 40b changes a.
quantized outﬁut, which is quantized using a step size
twice that of the initial control coéfficient Ci, into a
variable length code; the VLC 40c changes a quantized

10 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 Cj, into a variable length

>
rr

‘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;, C1 x 2, C1 x 4 and
Ci x8. 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
®icoding. This determination is based upon the amount of

data, npi to nb4, formed into the variable length codes

8

c°treSponding to the control coefficients C;, C1 x 2, C1 x

-This Sheet Has Been Re placed
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S NBO A coefficient C1 is first encoded, and then the total
nunber of bEts nbl of a thus-obtained code-is determ ned. A predicted
val ue C2 of fthe coefficient Jerr] is calculated on trhes SHESTHAS BERR |t ot al
nunber of bfts nbl. Such calculation can be predictied be®&dsACEhe
| ogarithm c} curve shown in Fig. 4D runs through a point (Cerr], nbl).

By repeating the above operation several tinmes, the anmount of data encoded
can be obtafned w thin approxi rrately several %errors with respect to the

desi red t ot fl nurrber of b|t Howeyver, the process of repeatedl
encodi ng daja &o2 ’fh coeff:.c:.ent calculator 6 a(iso P y

determines not only Cg = Cs5 - a, serving as a value

approximate to the control coefficient C.5, but also C7 = Cg
+ 0, serving as a value approximate to _t:he control
coefficients Cg and C7. It outputs the control
coefficients Cs to C7 to multipliers 38e to 38gq,
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
i invention, which §uantizes data obtained by transforming
image information to a frequency zone so as to form such
daf:a into variable length codes, is capable_ of setting the
amount of data at every predetermined time interval to the
de.sired amount and processing the data at very high speed.
3 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.

o . The present invention is not limited to the embodiments

described above, and various modifications and application

T2y be possible within the scope of the claim.

e
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to determ the coefficients Cis a very tine-consunming process, and isé
not suitablp for—an—encodimg apparat us- whieh is equ1red,§mﬁ¢qansn1t one
screen at 6 tine

i nterval s, y difficult to

performin

con o</ I IillllULllthIlLuch 2 orochIES Fere

erms of *cal cll at’i oft

. CLAIMS
1. An image processing apparatus comprising:
input means for inputting image data}
quantizing means for quantizing the image data and
5 outputting quantized digital data; |
first encoding means for encoding the.quantized
digital data and outputting first encoded data;
second encoding means for encoding data a bit shifted
from the quantized digital data and outputting second encoded
0 data and;
calculating means for calculating a suitable
‘quantizing parameter for quantizing the image data in
accordance with the first and second encoded data.
2. An image processing apparatus according to claim 1

5 further comprising means for directly cdnverting said image

data.

3. An image processing apparatus according to claim 1
further-comprising second.quantizing means for performing
Quantization based oh said quantizing parameter.

“ 4. An image processing apparatus according to claim

1, wherein said 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.

5. An image processing apparatus according to claim

5 .
L, Whergin said first and second encoding means parallelly

e S
T T
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, rticularly when inmage signals of a very high bit rate, such as -
hi gh def§ nition tel evision signals argg bandl ed. SUMVARY OF THE | NVENTI ON
"The present inv j n nade in view of the above problens, and an
obj ect thereof is mm“‘ npl y- constructed i mage processing
appar at u's SUItab| ‘ﬂ“ﬁm a predeterm ned anount of encoded data.
To achi eve the above bbject" i*n accordance with- one aspert. q/VIf

i nvention, an inmage processing apparatus conprlses fH§ ReEPERAD fOr

i nputting inmage data; quantizing
| perform encodxng

6. An image processing apparatus according to claim S
further comprising delaying means for delaying the image
data while said first and second encoding means perform

5 encoding.

7. An image processing apparatus according to claim
1, wherein said apparatus is an apparatus for encoding
moving images. |

8. An image processing method comprising the steps

10 of:

an input step of inputting image data;

a quantizing step of quantizing the image data and
outputting quantized digital data;

a first encoding step of encoding the quantized

13 digital data and outputting first encoded data;

a second encoding step of encoding data a bit sifted
from the quantized digital data and second encoded data;
and .

a calculating step of calculating a suitable

0 Quantizing parameter for_quantizing the image data in

accordance with the first and second encoded data.

\ .
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means for§quantizing the inmage data and outputting quantized digital data,;

' di ng neans for encoding the quantized digital data and

first encoded data; second encodi ng neans for encodi ng dat
fromthe quantized digital data and secopd_encoded data

g means for calculating a suitébl™ quantiz) BHIS faATE
the . image data in accordance with the fifrst angm‘%ﬁ.,%ﬂ@h oded

dat a. AMBSTRAET object of this invention is to provi X [

met hod Su'taSE%EfBﬁgegﬁgggggAﬁpxﬁiﬁbérEﬁB*hETHOD A further object is to

provi de af hi

outputt|
bit sifte
calcu!apl

and

An apparatus is provided for quantizing data obtained
by transforming image data to a frequency zone so as to
encode it. The speed at which such an apparatus performs

5 processing is increased. Data is quantized on the basis of
a plurality of coefficients C; for controlling a quantizing
step. As a result of the quantization, reference encoding
data items Nbl to Nb4 are obtained. Coefficients Cs to C7
for controlling the quantizing step are generated when

10 image data which is delayed by one frame is quantized. At

this time, the data items Nbl to Nb 4 are output by bit-

shifting the result of the quantization.
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gquanti zed data obtained by transform ng imge information to a frequency

zone and g hen fornms such data into variable |ength codes, conprises a

pluralityl of quantizing, a calculating, a calculating and generating, and

a selectifjng neans. The quanti zi ng nmeans performcontrol on the basis of a

first set] of control coefficients; the cal cuI ating neans calcul ates the
anount off data when a plurality of quant data are fornmed into variable
| engt h cqdes; the calculating and genera ng nmeans cal cul ates and
generateq a second set of control coefficients; and the selecting nmeans
sel ects qutputs which are quantized and forned into
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- 8 - ‘ vari able | ength codes using the second set of control
fici

‘coef nts. Because of the structure as described above, the
‘control ‘coefficients obtained by a second quantizing nmeans approach
desired values as conpared with a first quantizing
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means. Control coefficients substantially close to the desired control

«coefficients can be obtained. Since it is not necessaLy_Lg_LepeaLedf?ﬂ
encode data and calculate the control coefficients, fa REFQACEMENRISHDE

performed at extrenely high speed. The apparatus ca
applied to processing noving inmages. _ _ The enbodi
I nvention will be described belowin d%tail. Fig. 1
showing the first enbodi nent of this invention.
nuneral 20 denotes aninput termnal of an analog tel

N pe—thoroughty

nthis figurel
evi si on signal .

n: WQWW@@ an

A

tel evi si on signal ‘i nput

IMAGE PROCESSING APPARATUS AND METHOD

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to an apparatus and
method for encoding an image. More particularly, it
pertains to an apparatus and method 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 standardizihg 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 illustiéting the
approximate structure of a cohventional 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



through the termnal 20 is digitized by an A/D convertor 22 into 8-bit
sdata. 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 gomreTTING  Chlets t] 28
b REHAE 5@ Ul S
3 As i

bl ock by block. The 8 x 8 block formation circuit
manner as the block formation circuit % shown in Fig.fs. I
3, pixel data items Dlerr] to Derr in“blocks are ¢onve[geghbigdhe
converting circuit 28 into data nmatrixes X err] tolXfjerr] regardin
frequency zones, and are b

sensor (not shown) to the input.terminal 2, and then to an
8 x 8 block formation circuit 4, where it is second
dimensionally divided into 8 x 8 pixel blocks, and then
transmitted pixel block by pixel block to components
connected to the formation circuit 4.

Numeral 6 denotes a DCT converting circuit for
changing the image sighal transmitted from the blbck.
formation circuit 4 into discrete cosine transformation so
as to output 8 x 8 data matrixes regarding a frequency
zone. In other words, the DCT converting circuit 6
converts pixel'blocks forming image data items Dj; to Dgg
shown in Fig. 4A into data matrixes forming DCT
coefficients X31 to Xgg shown in Fig. 4B.

Data matrix Xj31 represents a DC component in
horizontal and vértical directions of the pixel block, that
is, the average value of the pixel block. When the DCT
coefficients X33 to Xgg are expressed as Xij, the greater
the_ﬁi" increases, the higher the frequency a component has
in the vertical direction; similarly, the greater the "j"
increases, the higher ‘the frequency the component has in
the horizontal direction. |

The data matrixés output from the DCT converting
circuit 6 are input to a linear quantization circuit 8. -A
quantization matrix generation circuit 18 generates

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



-9- supplied to a zigzag scan circuit 30. The zigzag scan circuit 30

operates in the same manner as the zigzag scan cirguit.10-& T
and outputs the DCT converted data matrixes X[err]{ tRepKhEMENT SHE

of Xerr],
X err]

lg. 3,

Xerr], Xerr], Xerr], Xerr], Xerr],{X T X[Err ],
Xerr], Xerr], Xerr], _X[3er_r], X err] [e{é]JAg@q@-]X[ r

show the weight of a step of quantizing the DCT

coefficients Xj; to Xgg. A coefficient géneration circuit
16 generates coefficients C. The quantization matrixes Wi
to Wgg and the coefficients C are input to a multiplier 20.
The multiplier 20 calculates an equation (Wjj x C/Cg). A
quantizing step performed by the linear quantization
circuit 8 is determined in ‘accordance with the outputs Q11
to Qgg of the multiplier 20. The coefficients C are
positive values which control image quality and the amount
of data genérated, whereas Cop is a constant.

The linear quantization circuit 8 actually calculates
an equation Xj3/Qi4, and outputs it. - The outputs of the
linear quantization circuit 8 are expressed as quantized
conversion data items Gj; to Ggg. The quantized data items
Gi11 to Gpg are successively transmitted starting from DC-
components from a zigzag scan circuit 10. In other words,
the data items Gii; to Ggg are supplied from the zigzag
circuit 10 to a Variable Length Coding (VLC) circuit 12 in
the order of Gii, Gi2, G21, G31, G22, Gi3, Gia, G23, G32, Gai
-+ Ggs, Ggs, G77, Ges, G7s and Ggg.

As regards, for example, a DC component Gii, the VLC
circuit 12 caiculate; a predicted value between pixel
bloqks located near the DC component Gj3i, and changes a
difference between the predicted value and an actual value

into a Huffman code. As regards AC components Gi2 to Ggs,



Jmatrixes Xerr] to Xerr]. However, in this enbo k““*gﬁbﬁﬁé*&é al whi ch
‘has al ready been quantized is |nput to quanti zat NoR*C
the quantized matrixes Xerr] to Xerr] are generated i n er
corresponding to the order of zigzag scanning, an J@@‘ﬁ”
multipliers 38a to 38d. Initial- ¢betficients|\C
control coefficients C, are fed froma coefficient
multipliers 38a to 38d, respectively. In the sane \nan
conventional art described previously, the

since most of the coefficients appear to be zeros, group ID
numbers, which identify groups into which significaht_
coefficients except zero are divided according to the
values of the significant coefficients, and values combined
with the number of zeros preceded by the significant
coefficients (run length of zeros) are formed into Huffman
codes by the VLC circuit 12. Data indicating valueslin 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 imege is
loe, 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 quantization circuit 8. It
is therefore expected that variable length codes thus
obtained can be compressed at a very high ratio. 1If a
compreeeion 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
mqet 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



mul'tipliers 38a to 38d calculate the quantized matrixes X er
.and the control coefficients Cferr] using an equatj.on vﬁ?rgﬁﬁﬁ

———

1 1g 98 &d

clrcui

which are controlled by the control cqefficient$
zi gzag-scanned in a quantizing step.” The quanti 2
out put these coefficients to variable | ength cod

S

image or pixel block unit.

If a high value is given to the coefficients C
mentioned previously, the ratio at which Gij assumes zero
increases and the total number of bits of encoded data NB
decreases. The relationship between the coefficients C and

_the total number of bits NB varies according to images, and
is expressed by a monotone decreasing function. It i;
known that such a relationship regarding an average image
is expressed by the logarithmic curve shown in Fig. 4D.

The above-mentioned JPEG presents a method of
predicting a coefficieﬁt Co for obtaining the desired total
number of bits NBO. A coefficient C; is first enéoded, and
then the total number of bits nbl of a thus—obtained code
is determined. A predicted value Cz of the.coefficient Co
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 (Ci, nbl).

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

However,'the précess of repeatedly gncoding data 56 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



- 1o - 40a to 40d. In this enbodi ment, the VLCs_ 40z
.out put data which has actually been encoded, qu, =y

nbl to nb4 regarding the total nunber of bits
40a to 40d performthe same process as the VLC {2

time intervals, such as moving images. Such a process is
extremely difficult to perform in terms of calculation
speed, particularly when image signals of a very high biL
rate, such as high definition television signals, are
handled.

SUMMARY OF THE INVENTION

The present invention has been made in view of the
above problems, and an object thereof is to provide a
simply-constructed image processing apparatus suitable for
obtaining a predetermined amount of encoded data.

To achieve the above object, in accordance with one
aspect of this invention, an image processing apparatus
comprises input means for inputting image data; quantizing
means for quantizing the image data and outputting -
quantized digital data; first encoding means for encoding
the quantized digital data and outputting first encoded
data; second encoding means for encoding data a bit sifted
from the quantized digitél 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 6bject‘6f this invention is to provide an
enquiqg method $uitable for encoding moving images.

A further object is to provide a high-speed encoding

method. -



coefficient CJerr] used for the desired total number of bits and outputs

dt toamltiplier 38e. This calculation is perfor ; contro
coefficients (Jerr] to CJerr] and the infor hom Mk (L out put from
the VLCs 40a to 40d, respectively. The\cage: ukator 48
outputs control coefficients C6 and C{, whic re walWasgeppnoxi nate to
the control coefficient CJerr], to nultiplier Sﬂ%%ﬁg 89 and {to
termnals 44a to 44c of a switch 44, Ho j S greater

than or equal to CJerr] and less than or equa
Clerr]), then Clerr] is

The embodiments and other objects of this invention
will become apparent from the description and claim taken
in connection with the following drawing.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a view showing a first embodiment of the
present invention;

Fig. 2 is a view showing a second embodiment of.this
invention; |

Fig. 3 is a view showing the conventional art; and

Figs. 4A to 4D are views illustrating the encoding
method shown in Fig. 3.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

According to the embodiments of the present invention
which will be described below, an encoding apparatus, which
quantizes data obtained by transforming image information
to a frequency zone and then forms such data into wvariable
length codes, comprises a plﬁrality of quantizing, a
calculating, a calculating and generating, and a selecting
means. The quantizing means pefform control on the basis
of a first set of control coefficients; the calculating
means calculates the amount of data when a plurality of
quantized data are férmed into variable length codes; the
calculating_and generating means calculates and generates a
second sét of control coefficients; and the selecting means

selects outputs which are quantized and formed into



greéter than or equal to (Jerr] and less than (Jerr] (derr] < (Jerr] <

Jerr]),

and Cerr] is greater than Cf[err] and |ess than or equal_t

Cerr] (Clerr] < derr] < (er]r), where n is greaf® %@ﬂ@gwggﬁﬁﬂiut tol

and less than or equal to 3 (1 < n < 3). The

coefficients are calculated by the quantization t i x generation circuit
36 and using the control coefficients &é&rr] to err]ﬁSImANH&qkaje way as

the above-nentioned nultipliers 38a to 38d, the | t{i pl i ers 38e

variable length codes using the second set of control
coefficients.

Because of the structure as described above, the
control coefficients obtained by a second quantizing means
approach desired valﬁes as compared with a first quantizing
means. Control coefficients substantially close to the
desired control coefficients can be obtained. Since'it is
not necessary to repeatedly encode data and calculate the
control coefficients, a process can be performed at
extremely high speed. The 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 qircuit 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 Xjj; to Xgg regarding ﬁhe frequency zones, and are



tii zati on

to"38g output the matrixes and the control coeffetems 1o
.circuits 32e to 32g during a vertical blanking mgﬁﬁéakM£h‘;%E

conversion coefficient is output fromthe zigzag (§€&an circuit B0O| del ayed

by a one-frame delay circuit 34, and then inputt to ggagANZﬁﬂ?o ircuits
32e to 32g. The quanti zation c[f%y[}s 32e t%kiﬁgﬂﬂpantize t he

supplied to a zigzag scan circuit 30. The zigzag scan
circuit 30 operates in the same manner as the zigzag scan
circuit 10 shown in Fig. 3, and outputs the DCT converted
_data matrixes Xj; to Xgg in the order of Xji1, Xi12, X21, X31,
X22, X13, X14, X23, X32, X41 - - Xgs, Xge. X77, Xe8. X178, Xg7
and Xgg.

A quantization matrix generation circuit 36 genérates
the quantized matrixes Xj; to Xgg. However, in this
embodiment, since data which has already been quantized is
i@Put to quantization circuits 32a to 32d, the quantized
matrixes Xj3 to Xgg are generated in an order corresponding
to.the order of zigzag scanning, and sﬁpplied to
multipliers 38a to 38d. | -

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

output these coefficients to variable length coders (VLCs)



conversion coefficient, which has been controlled by the control

:coefficients CJerr] and Cerr] in a quantizing st §p.z r;ﬁulput“gr to
vari able length coders (VLCs) 40e to 40g. In thisj

to 40g not only output data which has actually bg
buffers 42a to 42c, but also output_ tf@ total nup
“a judgment circuit 50. The judgnent ciTcu

46, data which selects the result of quantizing ft

5 Wit feit VLCs 40e
i encoded to e try
}

P8 DA 99905| tp nb7 to

to switches 44 and
E‘tUﬂVETSTUﬂ“ﬂJe ficient

1t 50 ouf

> E}“cE ez

so that the result is nearest but not nore than §he desired total hunber

of bits.

The entry buffers 42a to 42c accunul ate. encoded data unti

40a to 40d.

In this embodiment, the VLCs 40a to 40d do not output
data which has actually been encoded, but only output
information nbl to nb4 regarding the total number of bits
of each screen when the VLCs 40a to 40d perform the same
process as the VLC 12 shown in Fig. 3.

The coefficient calculator 48 calculates a control
coefficient Cs used for the desired total number of bits
and outpgts it to a multiplier 38e. This calculation is
performed using the control coefficients Ci1 to C4 and the
information nbl to nb4 output from the VILCs 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 C, and

less than or equal to C £ C <C then C6 is

S n+1?
greater than or equal to <, and less than Cq (cn < C

n+1l (Cn
6 <
Cs), and C7 is greater than C5 and less than or equal to
Cn+l (C5 < C7 < Cn+1), where q is greater than or equal
to 1 and less than or equal to 3 (1 £n < 3).

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

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

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



t he judgenment circuit 50 outputs the result of juégé
.selects the control coefficients on the basis of
outputs themto a nmultiplexer 52. The switch 46 s
and outputs it to the nultiplexer 52. The nmulti pl
control coefficients and encoded data,,and outputsit
term nal 54.

to 38g output the matrixes and the controi coefficients to
quantization circuits 32e to 32g during a vertical blanking
.period.

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

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
whiqh has actually been encoded to entry buffers 42a to
42c, 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 ts 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 selecté the encoded data, and outputs it to
the multiplexer 52. The multiplexer 52 multiplexes the
qontrol coefficients and encoded data, and outputs them to

an output terminal 54.



- 12 - Fig. 2 is a block diagramshow ng the second embodinent of
.this invention. Conponents operating in the sanme manner as_Lhos he

oy

first enbodi nent are identified by the sane referercg,. aﬂggqgrSﬁdﬂ A
DCT coefficient froma zigzag circuit 30 is output §0'3-Qr ellay
circuit 34 and a quantization circuit_,60. A nultipl ates

Zfe{ Irr‘gt‘?@r ]

p—_

an initial coefficient Jerr] and du&ﬁtrzed matrixe
out put '

Fig. 2 is a block diagram showing the second
émbodiment 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 Wii to W3g 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 guantization circuit 60 quantize$ 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—ofdef bit of
the VLC 40b; (K-2) bits are output to the low-order bit of
the VLC 40c; and (K-3) bits are outpﬁt 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



1EG2 |t hen

froma quantization matrix generation circuit 36. TheppruttmlT §
-out puts the coefficient and quantized matrixes to ih q“ﬂntiz t4+0H gircuit
60. The initial control coefficient Clerr] is output coef fijcijent
cal cul ator 64. The quantization circuit 60 quantize thééad@¢€5@3fficient
whi ch has been controlled by the contrﬁ% coefficient{ Cl, and outputq it to
vari able Il ength coders (VLCs) 40a to d; this quaptization being
performed in a quantizing step. If the total nunbe .
quanti zed DCT coefficient is Kbits, Kbits are output to the VLC 40a;
(K-1) bits are output to the |oworder bit of

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 siie
twice that of the initial conﬁrol coefficient C;, 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 C3, 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 Ci, into_a variable length
code. In.other words, the amount of data, nbl to n54,
formed into variable length codes represents the amount of
data encoded by control coefficients C;, C1 x 2, C; x 4 and
Ci1 x 8. It is thus pqssiple to decrease the number of
encoders and to simplify the structure of ciréuitry'by
shifting bits.

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

data, nbl to nb4, formed into the variable length codes .

corresponding to the control coefficients Ci, Ci x 2, C1 x



the VLC 40b; (K-2) bits are output to the loworder bit of the VLC 40c;
.and (K-3) bits are output to the loworder bit of the VLC 40d. As in the

first enmbodi ment, the VLCs 40a to 40d do not output encoded..d. but
output to the coeff|C|ent cal cul ator 64 only |nfongﬁttoagnb1ﬂtﬁﬂh 4
- 13 - 5
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4, and C1 x 8. The coefficient calculator 64 also
determines not only Cg = Cs - &, serving as a value
approximate to the control coefficient Cs, but also Cy = Cjs
+ O, serving as a value approximate to the control
coefficients Cg and C7. It outputs the control
coefficients C5 to C7 to multipliers 38e to 38gq,
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
daéa 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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regardi ng the total nunber of bits of each screen. The output of the
.quantization circuit 60 is shifted O to 3 bits toward a | ow order

direction and then connected. By such an operation, the VLC changes
anLL%ed—ourp‘T"”ﬁﬁTch is controlled by the i aﬁfgdggp fficient
lmm\!“m gth code; the MLC 40b chahg "“’ju ut put,
Wmch Ig““m‘“ a step size } ce that ¢f thelnltlal c3n r ol

coefﬁ|0|enﬂ CrerlP], *into a variable | engt h code;
quantii zed output, which is quantized using a ste
the initial control coefficient Cl, into a variablje
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CLAIMS

1. An image processing apparatus comprising:

input means for inputﬁing image data;

quantizing means for quantizing the image data and
outputting quaﬁtized digital data;

first encoding means for encoding the quantized
digital data and outputting first encoded data;

second encoding means for encoding data a bit shifted
from the quantized digital data and outputting second encoded
data and;

calculating means for calculating a suitable
quantizing parameter for quantizing tpe image data in
accordance with the first and second encoded data.

2. An image processing apparatus according to claim 1
further comprising means for directly converting said imége
data. |

3. An image processing apparatus according to claim 1
further comprising second quantizing means for performing
quantization based on said quantizing parameter.

4. An image processing apparatus according to claim
1, gherein said suitable parameter is a parameter which is
set so that the amouﬂt of encoded image data of one screen
is less than a predetermined amount.

S. An image processing apparatus according to claiﬁ

1, wherein said first and second encoding means parallelly

This Sheet Has Been Replaced
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| engt h code;

the VLC 40d changes a quantized output, which 1is quantized

_using a_gL@anLjp eight tinmes that of the initial control coeffici

into a.v
. 1ol

de. In other words, the anDunt of d
m!m% ’!iE | engt h codes represent Qt @ET
encoded Dys Cc@n ients Cl, Sﬁﬂé 2, Cl x 49&HH“3"

possi ble to

of circuitry by shifting bits. The coeffic|ehpt
determ nes a control coefficient CJerr] with respedt

of

'ﬁﬁrr?y t e st
f@ Jan &
o the de

decrease the nunber of ders and

perform encoding.

6. An image processing apparatus according to claim
further comprising delaying means for delaying the image
data while said first and second encoding means perform.
encoding.

7. An image processing apparatus according to claim
1, wherein said apparatus is .an apparatus for encodieg
moving images.

8. An image processing method comprising the steps
of:

an input step of inputting image data;

'a quantizing step of quantizihg the image data and
outputting quantized digital data;

a first encoding step of encoding the quantized
digital data and outputting first encoded data:;

a second encoding step of encoding data a bit sifted
from the quantized digital data and second encoded data;
and

a calculating step -of calculating a suitable
quantizing parameter for quantizing the image data .in

accordance with the first and second encoded data.
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encodi ng. This determination is based upon the anobunt of data, nbl to nb4,

. formed into the variable | ength codes corresponding to the con I
coefficients CJerr], Cerr] x 2, Cerr] x

-14- 4, and derr] x 8. The coefficient cal CEJE%M\@A}LT r_SHEET -
- 17 -

ABSTRACT
IMAGE PROCESSING APPARATUS AND METHOD

An apparatus is provided for quantizing data obtained
by transforming image data to a frequency zone so as to
encode it. The speed at which such.an apparatus performs
processing is increased. Data is quantized on the basis of
a plurality of coefficients C; for controlling a quantizing
step. As a result of the quantization; reference enéoding
data items Nbl to Nb4 are obtained, Coefficients Cs to-Cy
for controlling the quantizing step are generated when
image data which is delayed by one frame is quantized. At
this time, the data items Nbl to Nb 4 are output by bit-

shifting the result of the quantization.

FIGURE 1
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determines not only C6 = CJerr] - [err], serving as apsete—approx{AHlie to
.the control coefficient CJerr], but also CJerr] = C[erlrﬂiii?mwém,?f@;g?v ng
as a value approximate to the control coefficients ( and Terr] ) Kt
outputs the control coefficients CJerr] to (Jerr] to Ith@l heksipdPe it o
38g, respectively. A process thereaftger is perforned{in the “same nmafgnér
as in the first enbodi nent. As” htas™ been descri bed —tHe—TTTHgH
encoder of this invention, which quantizes data obtaijned by transform ng
image information to a frequency zone sos@s to fQrmeguctr—dara | nto
vari able Il ength codes, is capable of setttq\wg thei © ©
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anount of data at every predetermined tine interval to the ‘deSrred am)trrft
.and processing the data at very high speed. The present invention ray
be applied to processing images in notion as well as at fest 4§ JAN 5Bt S
may be shifted one by one or two by two. I nstead of} clontrol ling

control coefficients, the contents of ja quantization tabj ety be—Thanged.
The present invention is not |imted "t8 fhe enbodi ments escribed above,
and various nodifications and application nay be possible within the scope

of the claim N . <r
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- 15 - CLAI M SHEET 1. (New) An inmage
-processi ng apparatus conpri si ng: supply nmeans for supplying i mage dat a;
matri x providing means for providing a quantization matri Xx; first
guanti zati on neans for quantizing the imge data by using a first
guanti zi ng paraneter and based on the guantization matri x thereby
generating first quantized i mage data; ° ~ second quanti zation neans for
guanti zing the inmage data by using a second quanti zing paraneter, different
fromthe first quantizing paraneter, and based on the quantization matrix

t her eby generating second quantized i mage dat a; -
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first generation nmeans for generating a first anount which is obtained when
.the first quantized inage data i s encoded, second generation nmeans
which is arranged i ndependently fromsaid first generaton.means.f.or
generating, in parallel with said first generation nea sREalgﬁﬂﬁmﬂ sﬂﬁﬁnt
whi ch i s obtained when the second quantj zed i mage data |i Unbuucu, arreh

eval uati on nmeans for evaluating the fi %t~ and second guarjt g a,lrga.}mters
by using the first and second anounts. . 2. (New) An §§r £
according to Claim1l, further conprising third quantizgtilon.nmeans. for

quantizing the inmge data fromsaid supply means in acdordance with an
eval uation result of said eval uation neans. 3. (
according to Gaim2,. further conprising generating means for generating a
third quanti zing pararreter to be used in said third quantization neans.

quagt [ ;VZat [ (r)]naﬁggnml nﬁdgg? S(f:’l)l ftalmrenans erelFD' 1aG. 458 or secon

D11{D12| D13 D14 D1s{D1s| D17| D1 Xu| X2 thlxu Xis| Xi6{ X17| X1g
D21 | D2z} Dz3| D2s| Dzs| Dzs| Dz7| D2s Xa1| Xea| Xos| Xzs| Xas| Xes| Xz7| Xen|
Dai|Dze| Dagf Das| Das| Das| Dar| Dasf Xat | Xaz| Xas| Xaa| Xas| Xee| Xa7| Xzs
Da41] Daz| Dag| Daa| Das| Das| Daz| Dagl Xat| Xaz| Xaa| Xaa| Xas| Xas| Xar| Xas
Ds| Dsa| Dsa| Dsa| Dss{ Dss| Ds| Dssf Xs1| Xez| Xsa| Xsa| Xss| Xsa| Xs7| Xss
Det| Dez| Dea| Des| Des| Des| Da7| Des | Xe1| Xea| Xoo| Xea| Xeas| Xes| Xo7| Xeo
D+1| D7z2| D7a| D74} D7s| D1s| D77| D7s Xt | Xgz| Xa| Xoa| Xas| Xze| X17| X78
De1| Dee| Des| Dea| Des| Des| Der| Des| Xa1| Xea| Xea| Xe4| Xes| Xeas| Xer| Xes
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w An appar at us accordlng to Caim1l, wherein
generat “l ul I")Im\ Huf f man encodi ng. 6.
accor di rther conpr|5|ng a#pLueakrTy
for perfornlng :

the image data fromsaid supply neané5|ﬂ accordance
result of said evaluation neans. 7. (New) An

Claim 1, wherein said suppI%)_/I FTEaNS 5[?uccse%§lé/§ Yo sup
pi ctures. 8. (New
pIurallty of pictures are represented by an analog teIeV|S|on
1. (New) An image proce351ng apparatus comprising:
supply means for supplying image data:
matrix providing means for providing a quantization
matrix;
first quant;zatlon means for quantizing the image data by
using a first quantizing parameter and based on the
quantization matrix thereby generating first quantized image
data;
second quantization means for quantizing the image data
by using a second quantizing parameter, different from the
first quantizing parameter, and based on the quantization
matrix thereby generating second quantized image data;
first generation means for generating a first amount

which is obtained when the first quantized image data is
encoded;

second generation means which is arranged independently
from said first generation means for generating, in parallel
with said first generation means, a second amount which is
obtained when the second quantized image data is encoded; and

evaluation means for evaluating the first and second
quantizing parameters by using the first and second amounts.

2. (New) An apparatﬁs according to Claim 1, further
comprising third quantization means for quantizing the image
data from said supply means in accordance with an evaluation
result of said evaluation means.

3. (New) Rn apparatus according to Claim 2} further
comprising generating means for generating a third quantizing
parameter to be used in said third quantization means.

4. (New) An apparatus according to Claim 2, wherein said
first or second quantization means includes bit shift means.

5. (New) An apparatus according to Claim 1, wherein said
first and second generation means perform Huffman encoding.

6. (New) An apparatus according to Claim 2, further
comprising a plurality of quantizing means for performing



gnal . w) An apparatus accor di ngj tRERCAGEMENT SHEET hier
corrprl j“ﬂllﬂﬂ“l‘ﬂi"“lﬁ[éansformation means for]s r tihogonal
t ransf i nt to sai'd supply neans. ﬁ%ﬁﬂﬁ97 W) An
appar at us dccbrdl ng to Caimo, furtfer. conprfs n&% y fjor{ storing

the orthogonal transformation coefficient. . n | mage
processin nethod co rls a supply, sfep of supplying ijmage dat a;
a firsq %ﬁgﬁﬁwﬂﬂ?iwﬁﬁfqrﬁ?*qmﬁﬂpﬂﬁﬁfp%ﬁm&ﬁ§+ﬁd a first
guanti a¢¢¢gr4)m%ﬁrm=éthaatd érglegabiom rpeankt 2of i said neraluatimer efeangener ati ng
first. quantized | mage dat a; a second quantization step of quanti zing

t he image ter erent. fromthe
first qgan | Zi h Né}'y%;%knen%%l??s%%? ba‘g%%[%in he uaﬁngﬁlorgértélx{r%x her eby
gener attt P@i qﬂé?ﬁ?i%’dv?%g%‘%]t’aes ap “%alfﬁlétﬁgeﬁfé?‘aﬁ% step of
generating a f| rst anount which is obtained when the first quantized inmage
data is engpdedkw) An apparatus according to Claim 7, wherein the
plurality of pictures are represented by an analog television
signal.

v

9. (New) An apparatus according to Claim 1, further _
comprising orthogonal transformation means for supplying an
orthogonal transformation coefficient to said supply means.

10. (New) An apparatus according to Claim 9, further

comprising a memory for storing the orthogonal transformation
coefficient.

11. (New) An image processing method comprxsxng

a supply step of supplying image data;

a first quantization step of quantizing the image data by
using a first quantizing parameter and based on a quantization
matrix thereby generating first quantized image data;

a second quantization step of quantizing the image data
by using a second quantizing parameter, different from the
first quantizing parameter, and based on the quantization
matrix thereby generating second quantized image data;

a first generation step of generating a first amount
which is obtained when the first quantized image data is
encoded; ,

a second generation step of generating, separately from
and in parallel with said first generation step, a second
amount which is obtained when the second quantized image data
is encoded; and

an evaluation step of evaluating the first and second
quantizing parameters by using the first and second amounts.



a second generation step of generating, separately from and in parall el
with said first generation step, a.second anpunt which is obtained when
fhe second quantized image data is encoded; and ~an eval uation step
of evaluating the first and second quantizing par arret ers by using the
first and second armunts - 17 - o
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IMAGE PROCESSING APPARATUS AND METHOD

An apparatus is provided for quannzmg data obtained by transforming image data to a

ﬁ'equency zone so as to encode it. The speed at which such an apparatus performs processing

is increased. Data is quantized on the basis of a plurality of coefficients C; for controlling a

quantizing step. As a result of the quantization, reference encoding data items Nbl to Nb4 are |
obtained. Coefficients Cs to C; for controlling the quantizing step are generated by the
coefficient calculator (48) when image data which is delayed by one frame is quantized. At
this time, the data items Nb1 to Nb4 are output by bitshifting the result of the quantization.

Fig.1
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