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Image Encoding Apparatus 

BACKGROQ)!J) OF 'l'HE INYEBTION 

Field of the Invention 

The present invention relates to an i.ma.qe encoding 

apparatus and, more particularly, to an image encoding 

apparatus for quantizing conversion data obtained by 

converting image information oneo a frequency region, 

and variable-lenqtp aodinq the quantized conversion 

lO data. 

Related Background Art 

In recent years, as an encodinq method o·f a color 

image s~qnal, an adaptive OCT (discrete cosine 

transformation) eneoding method bas.been receiving a 

15 lot of attention. .An encoding method in the JPBG 

(Joint Photographic Expert Group) orqanized as an 

international standardorqanization of encoding methods 

of this type employs the DC~ encodinq method. 

A basic system of an encodlng met:.hod o:f this 

20 system will be briefly described below. 

Fig. 2 is a schema.tic block diaqram for explaining 

an arrangement of a con~entional encod~ng method using 

OCT conversion, and Fiqs·. 3 to 6 are views for 

explaining processing of the encoding method shown in 

25 Fiq. 2. An input terminal 2 x-eceives a digital imaqe 

signal to be encoded, which signal is obtained by 

raster scanninq. 'l'he image siqnal input to the 

Ill 
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l terminal 2 is input to an 8 x e blocking circu~t 4, and 

is two-dimensionally divided into pixel ~locks each 

consi$ting of (8 x 8) pixels. The imaqe signal is 

output to the next circuit in units of pixel blocks. 

5 

lO 

15 

20 

25 

A DCT conversion circuit 6 OCT-converts the image 

signal from the blocking ciEcuit 4, and outputs an (S x 

8) daea maerix for a frequency region. More 

specifically, a pixel block cons!stinq of image data Q11 

to 088 , as shown in Fiq. 3, is converted .1.nto a data 

ma.t:r:ix including X11 to X88 , as shown in Fiq. 4, by the 

circuit 6. 

Note that Xu represents a DC component in the 

horizontal and vertical directions of the pixel block, 

i.e.,. an average value of this pixel block. If X11 to 

X88 are qenerally r9fresented by X1.Ji a component 

represented by ~;1 has a hiqher frequency in the 

.vertical direction as i is larger, and has a higher 

frequency in the horizontal direction as j is larqer. 

The data matrix output from the OCT oonversion 

circuit 6 is input to a i1near quantization circuit e. 
A quantization matrix generation circuit 18 generates a 

quanti.zation matrix (Wu to W81 ; Fig. 5) indicating 

weighting coefficients of quantization step sizes for 

OCT coefficients X11 to x..,· and a coeffici.fltnt generation 

circuit 16 qenerates a coefficient c. The quantization 

matrix (Wu tow .. ), and the coefficient C! a.ra input to a 

multiplication circuit 20. The multiplication circuit 

!II r 
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20 calculates (W1 j x C), and quantization steps of the 

linear quantization circuit 8 a.re dete:r:111~ned by outputs 

Q11 to Q18 from the multiplication circuit 20. Note that 

the coefficient C has a positive value, and controls 

5 the imaqe quality and qeneration data amount. 

10 

lS 

20 

25 

In practice, the linear quantization circUit 8 

calculates Xs.J/OrJ, and outputs the calculation results .. 

ASsume that the outputs f rQm the linear quantization . 

circuit S are represented by G11 to G88 • The quantized 

conversion data Gu to G88 are output from a ziqzag 

scann1nq circuit 10 sequent1ally from DC components. 

More specifically, the zigzag scanninq circuit 10 

outputs, to a variable length coding circuit (VLC) 12, 

the data G11 to G81 in the order of 6 11 , G1ir Gi11 G,u ~21 

Gaa• 

The VLC 12 calcu1ates a predicted value fo~, e.g., 

a DC component G11 among adjacent. pi.xel blocks, and 

HUf fman-encodaa a predicted error £rom the p~ed.icted 

value. Alternatively, t:he VLC 12 perfo:r;ms equal-lenqth 

cod.~ng cf only this DC component. On the other hand, 

the VLC encodes AC components Gu to G88 other than the 

DC component G11 wh.ile 2:igzaq-scanning quantiz_ation 

outpu~s from low-f:i:equency. components to high-frequency 

components. The VLC classifies significant 

coefficients, which do not correspond to a quantization 

output • O, into g~oups according to their values, and 
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Huffman-encodes a set of a group identification number, 

and a run length of the number of insiqn~ficant 

coefficients which co~respond to a quan~izatian output 

= 0, and are sandwiched between the immediately 

5 preoed.inq si9nif icant coeffic~ent and a current 

significant coefficient. The VLC then adds an 

equal-length code indicating the position of a value in 

a group. 

In general, since high-frequency components in an 

10 oblique direct.ion of an image have a low .. probability of 

qeneration, it can be expected that the latter half 

portion of Gi.3 after zigz:aq scanning of ten becomes 0. 

'?herefore, variable lenqth codes obtained in this 

manner can be expected to have a very hi9h compression 

.15 ratio • .Assuming a compression ratio between 1/2 to 1/9 

as an average, an image almost free from image quality 

degradation can be decoded. 

On the other hand, a transmission pAth generally 

has a predetermined transmission capacity per unit 

20 time. When one frame must be transmitted during each 

predetermined period like in a case wherein motion 

pictures are to ba transmitted, it is desired that a 

code to be output has a fixed number of bits in units 

of frames or in units of p~xel blocks. 

25 If the above-mentioneQ coefficient C is increased., 

a probability that G1 j becomes 0 is increased, and a 

total bit count NS of encoded data is decreased. The 

Ill 
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relationship between the coefficient c and the total 

bit count NB is.expressed by a monotono~ decrease 

function although i~ varies depending on images, and it 

is known that this ~elationship is represented by a 

logarithmic curve shown in riq. 6 for an average imaqe. 

The above-mentioned J'PBG, and the like propose a 

method of predicting a caef ficient CO for obtaining a 

desired total bit count HBO. More specifically, a 

given coef f icieut Cl is encoded, and. a total bit count 

10 nbl of the olltained code is calculated. A predi.cted 

15 

value C2 of CO 18 ca1culated based on nbl and Cl. This 

calculation can be predicted since the loqarithmic 

curve shown in Fig. 6 passes (Cl, nbl). 

Upon several repetitions of this operation, an 

encoding amount including several % of an error from 

the desired total bit count NBO can be obtained. 

However, proeessinq for repetitively perform~ng 

encoding to determine the value of the coefficient CO 

is time-conswainq, and is not suitable for an encoding 

20 apparatus, which m.ust transmit one frame during a 

predetermined period of time like in transmission of 

motion pictures. In particular, when an image s.f.qnal 

having a very hiqh bit rate ~uch as a high-definition 

television signal is to be.processed, such processinq 

25 is impossible •. 

ill 
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SJJMMARY OF.THE INVENTION 

The present inven~ion has been made in 

consideration of the above situation, and has as its 

object to provide an image encoding appqratus for 

t .. )i,.)-t.)•) .. '.S'\l'>•J'l)' r!-\J-t-

5 quantizing conversion data obtained by convertinq imaqe 

information onto a frequency region, and encoding the 

quantized conversion data, wherein the image encoding 

apparatus can perform hiqh-speed. processing, and can 

set a data amount in units of frames to be a desired 

IO data amount~ 

For this pm:poae, according to one prefe:i:red 

aspect of the present invention, an ima~ encodinq 

apparatus comprises conversion means for convertin9 

image info:cnation into data on a trequency reqion, 

15 parallal output means for parallelly outputting the 

converted data to output the converted data of a 

piurality of channel6, quantization means for 

respectively quantizing the converted data of the 

plurality of channels output from the parallel output 

20 means; operation means for calculating a data amount to 

be obtained when one of the converted data of the 

plurality of channels output from the quantizat·.ion 

means is encoded., coefficient generation means for 

generating a quantization coefficient for controlling a 

25 quantization step of converted data of other channels 

of the quantization means, and encodin9 means for 

encoding at least one of the converted data of the 

ill 
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plurality of channels output from the quantization 

means. 

Other objects and advantages of the present 

invention will become apparent from the detailed 

S description to follow taken in conjunction with the 

appended claims. 

BRII[ DE§CRIPTIQN OF THI PRAWlHGS 

Fig~ 1 is a block diagram showing an .u=rangement. 

of an ima9e encoding apparatus according to the first 

10 embodi:ment of the present invention; 

Fiq. 2 is a schematic block diaqram for explaining 

an arrangement of a conventional encoding method using 

DC'!' conversion, 

Fiq. 3 is a view showing a pixel block consisting 

15 of ( 8 x 8) image data~ 

Fiq. 4 i& a view showing a DCT-convertad data 

·matrix; 

Fiq. 5 is a view showing a quantization matrix 

inclicatinq weiqhtinq coefficients of quantization step 

20 sizes; 

Piq. 6 is a graph showing the relationship between 

a control coefficient C and a total bit count: 

Fig. 7 is a ~lock diag:cam showing an arrangement 

of an image encoding apparatus according to the second 

25 embodiment of the present invention; 

Figs. SA and BB are ~iewa for explaininq a 

convergence state of the control coefficient C; 

, 

Ill 
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Piq. 9 is a block diag~am showing an arranqement 

of an image encodinq apparatus according.to the third 

embodiment of the present invention: 

Fig. 10 is a chart for explaining a control 

5 operation of a data transmission order in the apparatus 

10 

shown in Fig. 9~ 

Fiq. 11 is a chart for explaining a control 

operation of a data transud.ssion order of DC and AC 

components, which are simultaneously obtained; 

Fig. 12 is a block diag~mn showinq an arrangement 

of an image encodinq apparatus according to the fourth 

embodiment of the present invention; and 

Fig. 13 is a bloek diagram showing an arrangement 

of an iltlage encoding apparatus according to the fifth 

15 embodiment of the present invention. 

20 

25 

DETAILED OISCRIPTIOR OP THE PREPERR.ID EHBODIME~S 

?:'he pref erred embodimeats of the present invention 

will be described in detail hereinafter with reference 

to the accompanying drawings. 

Fig. l is a block diagram showing an arrangement 

of an encoding apparatus according to the first 

embodiment of the present invention wherein the present 

invention is applied to a transmission apparatus tor 

transmittinq a television siqnal. 

In Fig. 1, an input terminal 20 receives a 

television siqnal. The television siqnal input from 

the terminal 20 is converted into 8-bit digital data by 

ill 
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an A/O converter 22, and ~s divided into (8 x 8) pixel 

blocks by an (9 x 8) blocking circuit 26.for performing 

the same operat~on as that in the blocking circuit 

shown.in Fiq. 2. The television signal is supplied to 

--· .. 

S a DC~ conversion circuit 28 in units of blocks. 

10 

20 

25 

Pixel data 011 to 088 of ~ach block are converted by 

the DC'l' conversion circLlit 28 into a data matrix (Xu to 

X88 ) for a frequency region in the same manner a:s in 

Fiq. 2 1 and the dat~ matrix is supplied to a zigzag 

scanning circuit 30. The zigzaq scanning circuit 30 

performs the same operation as the zi9zag scanning 

circuit IO shown in Fiq. 2, and outputs the 

DC'l-converted data matrix (X11 to X88 ) in the order of 

X11 , X68 , X 18 , X17 , and X88 • 

A quantization matrix generation circuit 36 

generates the above-mentioned qua.nti~ation matrix (Wu 

t:o w88 ) • In th.is embodiment, since ~lready 

zigza9-scanned data are input to quantization cir~ui~s 

32a to 32e, quantization matrix data W11 to Wa8 are 

qenerated in the order corresponding to the zigzag 

scanning, an~ are supplied to multiplication circuits 

38a to 38e. 

The multiplicat~on ci%CUit 38a receives an initial 

coefficient Cl as the above-mentioned coefficien~ 

(control coefficient) c from an initial coefficient 

qeneration circuit. In this embodiment, the initial 

ill 
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l coefficient Cl is set to be 11 1 11
• When the 1niti.al 

5 

10 

15 

20 

25 

coefficient Cl is set to be "l", since w"J = Q:i.j' the 

multiplic~tion circuit 38a can be omitted, and the 

quantization matrix data W11 to W88 can be directly input 

to the quantization ci~cuit J2a. 

In this manner, the quantization circuit 32a 

obtains quantization codes Gl11 to Gl81 based on the 

control coefficient Cl. These quantized conversion 

codes Glu to Gl88 are input to a VLC 40a. 

In this eml::>odiment1 VI.Cs 40a to 40d do not output 

actual encoded data, but output on1y pieces of total 

bit count infoz:1a0.tion nbl to nb4 in units of frames 

obtained upon execution of the same processing as in 

the VLC 12 in Fi9. 2. The total bit count information 

nbl output from the VLC 40a is input ta a coefficient 

operation circuit 44a. Coefficient operation circuits 

44a to 44d predict a control coefficient CO 

corresponding co a desired total bit count NBO u~ing 

the pieces of total b~t count infoJ:mation.nbl to nb4 

from the VLCs 40a to 40d, the initial coefficient Cl, 

and outputs C2 to C4 from the coefficient operation 

circuits 44a to 44c,·and respectively output control 

coefficients C2 to cs. The coefficient operation 

circuits 44a to 44d output the control coefficients C2 

to CS, obtained based on conversion data for one frame 

input to the quantization circuits 32a to 32d, at the 

ill 
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l input timing of conversion da~a for the next frame to 

the quantizatLon circuits 32a to 32d. 

On the other hand, ci~cuits (lFDLs) 34a to 34d 

delay the outputs from the zigzaq scanning circuit 30 

5 by one frame period. Therefore, the control 

coefficient C2 output from the coefficient operation 

circuit 44a is input to the multiplication circuit 38b 

at the input timing of conversion data for on.e frame, 

which are used for obtaininq the control coefficient 

10 C2, to the quantization circuit 32b. ~he 

multi plication circuit 38b calculates ( Wi.J x C) 1 and 

inputs the result to the quantization circuit 32b. 

More speeifically, the quanti•ation circuit 32b 

perfo.rms the second guantiz,tion for a given frame, and 

15 obtains quan"t.i.zation codes G2 11 to G288 based on the 

20 

25 

I 

control coefficient C2. The quanti~ed conversion codes 
\ 

G211 to G2u are input to the 'c 40b. 

The operations of coefficient operation circuits 

44b to 44d, the multiplication circuLts 38c to 38e, the 

lFOLa 34b to 34d, the VLCs 40b to 40d, and the 

quantization circuits 32c to 32e are respectively the 

same as those of the coefficient operation circuit 44a, 

the multiplication circuit 38b, the lFDL 34a, the VLC 

40a,. and thA quantization circuit 3_2b. ~hese ci.reuits 

sequentially update the predicted value of a desired 

control coeff~cient for a given frame. 

iii 
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Thus, the predicted value cs of the control 

coeff icien~ obtained from the coefficien~ operation 

circuit 44d can be caused to converge to a value very 

close to the control ooef fioient CO cor~esponding to 

5 the desired total bit count NBO. In this eaabodiment, 

the.control coefficient CS ~s supplied to the 

multiplication circuit 39e as a final control 

coefficient c. The output fl:Om the multiplication 

circuit 38e is supplied to the quantization circuit 

10 32e. The qua.nti'Zation circuit 32e quBntizes the output 

from the lFDL 34d, i.e., conversion data, which are 

delayed by a total of tour frame periodfJr and supplies 

the quantized data to a VLC 40e. 

The VLC 40e actually pexfoxms encoding that was 

15 described earlier tfith reference to Fig. 2, and outputs 

encoded.data (DATA). 'l'he encoded data are output from. 

an entry buffer 46 at a predetermined bit rate, and are 

multiplexed with the final control coefficient C by a 

multiplexer 48. "lhe multiplexed data are then output 

20 from a terminal 50 onto a transmission path. 

The second embodiment of the present invention 

will be described. below. 

Fiq. 7 is a block diaqram showing an arrangement 

of an encodinq app~ratus according to the second 
.~ . 

25 embodifnent of the present invention wherein the present 
.. , 

invention is applied to a transmission apparatus for 

transmittinq a television signal. 

ill 



- 13 -

l Note that the same reference numerals ~n FLq. 7 

denote the ea.me parts as in Fiq. 1, and ~ detailed. 

description thereof will be omitted. 

In this embodiment, a coefficient operation 

5 circuit 41 supplies .a predicted initial coefficient as 

the above-mentioned quantization coefficient (control 

coeff i~i~t) Cl to a multiplication circuit 38a. Note 

that the predicted initial coefficient will be 

de5cribed later. 'rhe coefficient operation circuit 41 

10 predicts a control coefficient CO corresponding to a 

desired total bit count NBO using pieces of total bit 

count information nbl to nb4 from VLCs &Oa to 40d, the 

initial coeffic~ent Cl, and outputs c2 to C4 of this 

operation circuit 41, and outputs control coefficients 

15 C2 to CS. The coefficient operation circuit 41 outputs 

the control coefficients C2 to CS, obtained based on 

conversion data for one frame input to quantization 

circuits 32a to 32dr at the input tiilting of .oonverslon 

data for the next frame to the quantization ci~cuits 

20 32a to 32d. 

The arrangement c'!!lnd operations of the second 

embodiment are the same as those of the encoding 

apparatus of the first embodiment, except for the 

·above-mentioned arrangement and operations. 

25 The predicted initial coefficient will now be 

described. 

iii 
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In generalr motion pictures have a high 

correlation among frames. For this reason, when 

adaptive OCT encoding is performed to set a control 

coefficient (quantization coefficient) so as to 

5 maintain a constant total data amount for one picture 

(one frame), the control coefficients become almost the 

same among frames. 

In this embodiment, by utilizing the hiqh 

correlation amonq frames, a value obtained in the 

lO i11lmediately preceding frame is used as a control 

coefficient to be input to the multipli.cation circuit 

38a. Thus, a convergence time of the control 

coefficients C2 to C5 until an optimum control 

coefficient is obtained can be shortened, and a more 

15 accurate control coeffioiant oan be obta1ned. 

A further detailed explanation will be 1t1ade below 

with reference to Fiqs. BA and BB. 

Fig. 8A shows values Cl to CS when a control 

coefficient of a ~iven frame is obtained. AS can be 

20 seen from Fiq. SA, tpe control coefficient converqes to 

a tarqet optimum control coefficient value while 

oscillatin9. 

Fig. SB shows values Cl to C5 when a control 

coefficient of a frame next to the given frame is 

25 obtained. The initially input value Cl is the control 

coefficient C2 of the immediately preceding frame, 

i.e., the valua C2 (th~s value will be referred to as a 

ill 
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1 predicted initial coefficient) shown in Fig. SA. It 

can be reqard&d that an optimwn control 9oefficient of 

thie frame is almos~ the same as that of the 

immediately preceding frame. Thus, since the valua Cl 

5 becomes closer to the optimum control coefficiant, the 

converqence time can be shortened, and a value closer 

to the optimwn eont~ol coefficient can be obtained. 

As the correlation among frames is higher, images. 

havinq higher image quality oan be obtained upon 

10 ~petition of this opei:ation. 

The thim embodiment of the present invention will 

be described below. 

Fiq. 9 is a block diaCFam showinq an arrangenient 

of an ancoding apparatus according to the third 

15 embodiment of the present inventLOn wherein the present 

invention is applied to a transmission apparatus for 

transmitting a television sigrlal. 

Note that the same reference numerals in Fig. 9 

denote the same parts as in Fig. l, and a detailed 

20 description thereof will be omitted. 

In Fig. 9, VLCs 40a to 40d of this embodiment 

calcu~ate tut«l dat« amounts of only AC components 

after encoding, and output pieces of total bit count 

information nbl to nb4 in units of frames. On the 

25 other hand, DC components axe equal-lenqth coded. 

The operations up to a multiplication circuit 38e, 

except for the above-mentioned processing operations of 

11im1nr 
Ill 
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1 the VI.Cs 40a to 40d, are the same as those in the first 

elllbodiment. ~he processinq operations a~tar the 

multiplication circuit 38e will be described in detail 

below. 

5 The output from the multiplication circuit 38e is 

supplied to a quantization circuit 32e. The 

quantization circuit 32e quan~izes outputs from a lFDL 

34d, i.e., at least AC. compon~nts of conversion data . 

delayed by a total of four frame perioda, and supplies 

10 quantized data GS12- to G588 to a VLC 40e. 

The VLC 40e actually performs encod~ng that was 

described above with reference to Fiq. 2, on AC components 

GS 12 to G588 , and outputs encoded data (DATA). 

on the other hand,. DC components are separated 

15 from the outputs from a lFDL 34c by a DC extraction 

circuit 51, and are input to a quantization circuit 52. 

The quantization circuit 52 quantizes a DC component X11 

by a predetermined quantization step independently of 

the above-mentioned coefficient c~ and inputs the 

20 

25 

quantized component to a coding ci~cuit S4. 

~he coding circuit 54 equal-length codes the 

above~mentioned. DC component by, e.g., p~edicted 

differential encoding. DC component data equal-length 

coded by the coding ci~cuit 54, and AC component data 

variable-length coded by the VLC 40e, as described 

above, are respectively input to buffer memories 56 and 

46. 

Ill 
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'rhe read operations of en.coded data from the 

memories 46 and 56 are controlled by a b~f fer control 

circuit 58. In this case, control is made as follows. 

That is, as for encoded data for a qiven frame, all the 

5 DC COJ11POnent encoded data of the f:i;aiae are read out 

first, and then, AC component encoded data of the same 

frame are read out. 

The relationshLp betwaen read and write timings of 

data stored in the memories 46 and 56 will be described 

10 below. 

Fig. 10 is a chart showing the data write timings 

to the memory 46, i.e., the write timings of AC 

component encoded data· (AC), the data write timings to 

memory 56, i.e., the write timings of DC component 

15 encoded data (DC), and the data read. timinqs from these 

two memories. 

Since OC oomppnent encoded data (DATA-2) is 

quantized by the constant quantization step 

independ&ntly of the above-mentioned coefficient C, 

20 quantization can be performed before determination of 

the final coefficient C in the coefficient operation 

circuit 44d. 

Fo~ this reasonr in Fiq. 9, OC component data are 

separated. and extract'9d by the DC extraction circuit 51 

25 at the input side of the lFDL 34d at the final stage, 

and are quantized by the quantization circuit 52. 

ill 
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Thus, during a period ~or which AC component 

encoded data (AC) of a frame of interest are written in 

the memory 46, DC component encoded data (DC) of the 

same frame already stored in the memory 56 can be read 

5 out prior to the AC component encoded. data (AC). 

On the other hand, Fiq. 11 is a chart ahowinq the 

relationship between read and write timings of data 

corresponding to AC component encoded data (AC) and oc; 

component encoded data (DC) when the AC and DC 

10 component data are quantized and encoded during a 

single frame pe~iod without using the DC extraction 

circuit Sl. 

ln this case, sinoe ~ead access is perfoi::med to be 

delayed by one frmne from wr~te access to change the 

15 trans.mission order of data, a capacity for two frames 

is required for a memory of AC component data. 

As c~n be understood from the above description, a 

memory capacity required when the transmission order of 

data is changed in units of f~ames corresponds to two 

20 frames according to the co~ventional arrangement. 

However, in thi.s embodiment, a memory having a capacity 

for one frame need only be arranqed for AC component 

encoded data (AC) so as to change the data transmission 

order. 

25 Needless to say, the memories 46 and 56 also have 

a buffer function for reading out data at a 

predetexmined bit rate. 

ill 
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At this time, the buffer control c1rcu~t SS 

controls to slightly delay the data read.start timing 

of each frame from the write start timing, so that the 

read addresses of dat:a from the memory '6 do not 

5 overtake write addresses. 

The AC component encoded data (AC) and the DC 

component encoded data (DC) read out from the memories 46 

and 56, a• desc~ibed above, are multiplexed by • 

multiplexer 48 together ~ith the final coefficient C, 

10 and. the multiplexed data are output from a te:r:mina.1 liO 

onto a transmission path at a predetermined bit rate. 

"l'he fourth embodiJ&nt of the present inventi.on 

will be described below. 

Fiq. 12 is a block diagram showing an arrangement 

15 of an encoding apparatus according to the fourth 

emJ)odi.ment of the present invention ~herein the present 

invention ~s ~pplied to a tran&mi&&ion apparatus for 

transmittinq a television signal. 

Note that the same referenca numerals in Fig. 12 

20 denote the same parts as in Fig. 1, and a detailed 

description thereof will be omitted. 

This embodiment assumes an apparatus, which does 

not permit that the total bit count of each frame After 

variable-length coding exceeds a desired total bit 

25 count NBO even slightly. 

Therefore, unlike in the first to third 

embodiments, a predicted control coefficient is not 

ill 
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l directly used. This embodiment selects, from control 

coefficients for a given f~ame, a contro~ coefficient 

corresponding to a total bit count after 

variable-1ength codLnq~ which is less than and closest 

s to the desired total bit count NSO. 

The arrangement and operations except for those 

associated with this selection are the same as those of 

the first embodiment. 

The operation associated with the above-mentioned 

10 selection will be described below. 

In Fig. 12, a four-frame period delay circuit 

(4FDL) 55a, a three-frama period delay c~rcuit (3FOL) 

55b, a two-frame period delay c~rcuit (2FDL) SSc, and a 

one-t%a.m.e period delay c~rcuit (lPDL) 5Sd respectively 

15 delay control coefficients Cl, C2, C3, and C4. With 

these circuits, the control coefficients Cl1 C2, CJ, 

and C4.input to a coefficient seleeto~ 53 become those 

for an imaqe of a single frame. These coefficien~s Cl 

to C4 are input to the coef f lcient selector 53 at the 

20 input timing of an image of tha corresponding frame to 

a quantization circuit 32e throuqh a lFOL 34d. 

The timings of pieces of total bit count 

information nbl to nb4 obtained when quantization and 

encodin9 are performed using these control coefficients 

25 Cl to C4 are adjusted to each other by a 3FDL 57a, a 

2FDL 57b, and a lFDL S7c. More specifically, the 

pieces of total bit count (data mount) information nbl 

ill 
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l to nb4 corresponding to the control coefficients Cl to 

C4 input to the coefficient selector 53 are input to a 
. . 

coefficient decision circuit 59 immediately before a 

period for which these control coefficients Cl to C4 

5 are input to the coefficient selector 53. 

'!he coefficient decision circuit 59 detects 

information correspondinq to a total bit count, which 

is less than and closest to the desired to'tal bit co~t 

NBO, and supplies 2-bit control information to the 

10 coefficient selector 53 accordinq to the detect.ion 

result. 

Therefore, the coefficient selector 53 selects a 

control coefficient correspondin9 to a total bit count, 

which is less than and closest to the desired total bit 

15 count NBO upon variable-length coding, from the control 

coefficients Cl to C4r and outputs the selected 

coefficient. 

In this embodimene1 the control coefficient output 

from the coef f ieLent sal~~tor 53 is dete:r:mined a$ a 

20 final control ~oeff icient C, and is supplied to a 

multiplication circuit 38e. "the output from the 

multiplication circuit 3Be is supplied to the 

quantization circuit 32e. The quantization circuit J2e 

quantizes outputs from the lFDL 34d, i.e., conversion 

25 data delayed by a total of four frame periods, and 

supplies the quantized data to a VLC 40e. 

ill 
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The VLC 40e actually performs enco<ling that was 

described. above with reference to Fi~. 2, and outputs 

encoded data (DATA). The encoded data are output from 

an entry buffer 46 at a predeteJ:mined bit rate, and are 

5 multiplexed with the final control coeffi~ient C by a 

10 

15 

multiplexer 48. The multiplexed. data are then output 

from a terminal SO onto a transmission path. 

The fifth embodiment of the present invention will 

be described below. 

Fiq. 13 is a block diagram showing an arrangement 

of an encoding apparatus according t.o the fifth 

embodiment of the present invention wherein the present 

invention ia app1ied. to a transmission apparatus for 

transmitting a television signal. 

Rote that the same reference numerals in Fig. 13 

denote the same parts as in Fig. 1, and a·detailed 

descr~ption thereof w~ll be omitted. 

This embodiment assumes an apparatus, which does 

not permit that the total bit count of each fra~e after 

20 variable-length ~""Oding exceeds a desired total bit 

count NBO even slightly, like in 'the above-mentioned 

fourth embodiment. 

The arrangement and operations except for those to 

be desoribed below are the same as those in the first 

2 5 ambodimen t. 

ill 
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In Fig~ lJ, VLCs 40a ~o 40d of this embodiment 

output pieces of ~otal bit count information in units . 
cf frames, and actually encoded cod.es. 

Piecas of total bit count infor.ination nbl to nb5 

5 calculated by the VLCs 40a to 40e are input to a rate 

fixer 43. The rate fixer 43 discrindnates, from nbl to 

nbS for a single frame, total bit count information 

corresponding to a total bit count, which is equal to 

or &ma.ller than and closest to NBO, and determines a 

10 control coefficient giving the total bit count and 

encoded codes as a final control caef f 1cient and 

encoded codes. 

Data buffers 45a. to 45j a~ used for supplying 

encoded c:od.es dl to d4, output from the VI.Cs 40a to 40d 

15 for the same frame as a frame correspondinq to an 

encoded code dS output from a VLC 40e, to a data 

selection switch 47 at the same timing as the encoded 

code d5. The data buffer& 4Sa to 45j delay _(buffer) 

control coefficients Cl to C4 Qlvin9 the four e11coded 

20 codes dl to d4 for a sinqle frame, so that these 

control coefficients are supplied co the data selection 

switch at th.e same timing as the encoded codes dl to 

d4. 

The rate fixer 43 controls the data selection 

25 switch 47 to output one of the encoded code d5 output 

from the VLC 40e, and the encoded codes dl, d2, d3, and 

d4 output from the data buffers 4Sd, 45q, 45i, and 45j 

ill 

---· 
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1 as a final encoded code OATA. In addition to the final 

encoded code, the data selection switch '7 outputs one 

of the control coefficient CS output from a coefficient 

operation circuit 44d, and the control coefficients Cl, 

5 C2, C3, and C4 output from the data buffers 45d, 45q, 

45i, and 45j as a final control coefficient F. 

10 

The encoded code DATA and the control coefficient 

Fare multiplexed. by a multiplexer.48, and are output. 

from a terminal 50 onto a t~anamission path. 

According- to the arrangement of each of the above 

embodiments, since the control coefficient C is not fed 

back at all, a perLod required for processing for one 

frame can becOl\\9 the same as that of processing using a 

constant control coefficient C althouqh a c:alculation 

15 of the control coef fieient C for a single frame is 

performed five times. Thus, Ve.J:Y hiqh-speed. processinq 

can be realized. 

In the third embodiment, the data transmission 

order can be chanqed, i.e., DC component encoded data 

20 (DC) can be output prior to AC component da~a usinq a 

small memory capacity. 

25 

Note that various modifications of the present 

invention may be made without departinq from the spirit 

and the principal features of the invention. 

For example, in order to realize very hiqh-speed 

processing, the control coefficient F is detexmined in 

units of fra.111es. However, if there is a marqin for a 

Ill 
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1 processing tim.e 1 a unit (period) for determining the 

value of the cont~ol coefficient F can be decreased 

(shortened) . 

In each of the above· embodiments, the coefficient 

5 operation circuits 44b to 44d predict the desired 

control coefficient CO using the coefficients C2 to C4 

output from the coefficient operation circuits 44a to 

44cr and the pieces of total bit count information nb~ 

to nb4 obtained when quantization and variable-length 

10 coding are performed according ta the coefficients C2 

to C4. These circuits can rore accurately predict the 

control coefficient using 7oef f icients and total bit 

count info:cnation at the ilumediately precedinq.stq9es 

in addition to the above-mentioned eoeff~ci6nts and 

15 information. For example, if the coefficient o:pe~ation 

circuit 44b uses the coefficients Cl and C2 and the 

pieces of total bit count info:anation nbl and nb2 so a~ 

to calculate the coefficient CJ, the coefficient CO can 

be predicted JDOre accurately. 

20 In each of the above emhodimen'ts1 in order to 

parallelly output DCT-converted data X having a time 

difference of one frame period, the lFDLs 34a to 34d 

are series-connected at tha output side of the OCT 

conversion circuit 29 and the zigzaq scanning circuit 

25 30. When the number of bite of the DC'l'-converted data 

X must be increased, a plurality of lFOLs may be 

connected in series at the output side of the (8 x 8) 

---· 
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l blocking circuit 26 so as to save the.memory capacity 

of the lPDLs, and the outputs of the lFO~s may be 

connected to the OCT conversion circuit and the zigzag 

scanning circuit. 

5 In the fifth embodiment, the encoded code output 

from the VLCs 40a to 40e for a sinqle frame can be 

output. In practice, the same effect can be obtained 

in such a manner ~hat the encoded codes from only the. 

VLCs 40d and 40d can be output, or the enc?ded codes 

10 output f:ro:m the VLCs 40c: to 40e c:an be selectively 

output. In this case, the capacity of each data buffer 

can be decreased as compared to the embodiment shown in 

Fig. 13, and an increase in hardware size can be 

15 

~uppressed .. 

Therefore, the above-mentioned embodiments a.re 

merely e~ples in all respects; and. must not be 

construed to limit the ~nvantion. 

The SC!Ope of the present invention is defined by 

the scope of the appended. claims, and is not limited at 

20 all by the specif~c descriptions of this specification. 

25 

Furthe:r:rnore, all the modifications and ohanqes 

belonqing to equivalents of the claims are considered 

to fall within the scope of the present invention. 

ill 
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923DOR51. ii 
1 WP.AT IS Ct.AIMED IS: 

5 

1. .An ima9e encod.inq apparatus com~risinq: 

a) conversion means for convertinq image 

infoi:mation into data. on a frequency reqion; 

b) parallel output means for para11elly 

outputting the converted data to output the converted 

data of a plurality of channels; 

c) quantization maans for respectively quantizi~q 

the oonverted data of the pluralitr of channels ou~put 

10 from said parallel output means1 

l.5 

20 

d) operation means for calculating a data amount 

to be otitained when one of the converted. data. of the 

plu~ality of channels output from said quantization 

means is encoded1 

e) coefficient qeneration means for generating a 

quantization coefficient for controlling a quanti~atlon 

step of converted data of other channels of said 

quantization means according to an output from.-said 

operation means: and 

f) encodinq means for encoding at least one of 

the converted data of the plurality of channels output 

.from said quantization means. 

2. An apparatus accord.in9 to claim 1, whuein 

25 said conversion means perfonns OCT (Discrete Cosine 

Tranafoxm) conversion. 

Ullllll llllff 111111111111 1111 . 
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3. An apparatus according to claim 1, wherein 

said encoding means encodes only one of ~he conve~ted 

data of the plurality of channels quantized by said 

quantization means. 

4. An apparatus accordinq to claim 3, further 

comprisinq multiplexing means for multiplexing en~od.ad 

clata output from said encoding means, and the 

quantigation coefficient for obtaining the encoded 

10 data. 

5.. An apparatus according to claim 1 1 wherein the 

converted data of the plurality of channels output from 

said pa~allel output means have a time di£f erence of a 

13 predete.onined period the~ebetween. 

6. An apparatus according to claim 5, wherein 

said operation means calculates a data amount, which is 

to be obtained when one of the converted data of the 

20 plural~ty of channels is encoded, in units of 

predetermined periods. 

7. An apparatus accordinq to claim 5, wherein 

said coefficient generation means updates the 

2s quantization coefficient in units of predetexmined 

periods. 

1 1111111111111 1111r 11111 rr 111r 
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8. An apparatus accordinq to claim S, wherein the 

predetei:mined period is one frame period~ 

9. An image processing apparatus comprising: 

a) oonversion maans for convertinq imaqe 

info:cnation into data on a frequency reqion; 

b) parallel output means for parallelly 

outputtinq the converted data to output the converted 

data of a plurality of channels; 

c) a plurality ot quantization means for 

respectively quanti:zinq the converted data of the 

plurality of channels output fxom said parallel output 

means; 

d) operation means for calculatinq a data amount 

15 to be obtained when one of the converted data output 

from said plurality of quantization means is encoded; 

e) coefficient generation means for qeneratinq a 

quantization coefficient for controlling a quantize.ti.on 

step of another one of said plurality of quantization 

20 means according to an output from said operation means1 

and 

f) coefficient supply means for supplying, as a 

quantLzation coaf f ieien~ used in one quantization 

means, a quantization coefficient used in quantization 

25 of another quantization means. 

111111111111111111111111111111 
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10. An apparatus according to claim 9, further 

comprising encoding means for encoding o~e· of the 

converted data of the plurality of channels quantized 

by said plurality of quanti~ation means. 

11. An apparatus aaeording to claim 9, wherein the 

converted data of the plurality of channels output from 

said parallel output means have a time difference of ~ 

predete:cmined period therebetween. 

12. An apparatus according to claim 11, wherein 

said operation means calculates a data amount, which is 

to be obtained when the converted data quantized by one 

of said plurality of quantization means is encoded, in 

15 units of predetermined periods. 

13. An apparatus cccording to olaim 11, wherein 

said coefficient qeneration means updates the 

quantization coefficient in units of p~ed.etez:mined 

20 periods. 

25 

14. An apparatus acc:ord.inq to claim ll, wherein 

thA predetermined period is one frame period. 

15. An ilM:ge encoding apparatus comprising: 

a) convers1on means for convertinq image 

information into data on a frequency region: 

I f llflll If flf J lllJl 11111 JI 1111 
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b) parallel output mean5 for parallel1y 

outputting the converted data to output ~he converted 

data of a plurality of channels; 

c:) quantization means for respectively quantizinq 

5 the converted data of the plu~ality of channels output 

from said parallel output means; 

d) operation means for calculating a data amount 

to be obtained when at least an AC component of one of 

the converted data of the plurality of channels output 

10 from said quantization means is encoded; 

e) coefficient generation means for generating a 

quantizaeion coefficient fo~ controlling a quantization 

step of converted data of other channels of said 

quantization mean& according to an output from said 

15 operation means; 

20 

25 

f) first encoding means for encod.inq at least the 

AC component of one of the converted data of the 

plurality of channels output from said quantization 

means; 

g) second encodinq means for encoding at least a 

DC component of the one of the converted data of the 

plurality of channels: and 

h) multiplexing means for multiplexing outputs 

from said first and second encoding means. 

16. An apparatus according ta claim 15, wherein 

the converted data of the plura~ity of channels output 

I 1111111111111 11111 1111111 1111 
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from said parallel ou~put means have a time difference 

of a predetermined period therebetween. 

17. An apparatus according to claim 16, wherein 

5 said operation means oalculates a data cuaount, which is 

to be obtained when the AC component of one of the 

converted data of the plurality of channels is encoded, 

in units of p~edete:cmi.ned periods. 

--- .. 

10. 18. An apparatus according to claim 16, wherej.n 

15 

20 

25 

said coefficient genaration means updates the 

quant1zation coefficient in units of predete:cmined 

periods. 

19 • An apparatus accordinq to claim 16, wherein 

said second encoding means encodes the converted data. 

delayed by the predetel:mined period from the converted 

data encoded by said first encoding means. 

20. An apparatus according ~o claim 15, wherein 

said multiplexinq means multiplexes the outputs from 

said first and second ericod1.nq means, so that the 

output from said second encoding means advances from 

the output from said first encoding means. 

21. An image encodinq apparatus comprisinq: 
~~~~~~~~~~-

I 1111111 flflfl lllJI ff Ill JI 1111' 
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a) conversion means fo~ converting image 

info.xmation into data on a frequency req~on; 

b) parallel output means for parallelly 

outputting the convarted data to output the converted 

5 data of a plurality of channelsJ 

c) qu.ant~zation means for :respectively quantisin9 

the converted data of the plurality of· channels output 

from said parallel output means; 

d) operation means for calculating a plurality of 

10 data amounts to be obtained when the converted data of 

the plurality of channels output from said quantization 

means are encoded; 

e) c:oefficlant generation means for qenerati,ng a 

plurality Of quantization coefficients for controlling 

15 a quantization step of said quantization means 

according to an output from sa.id operation means; 

£) selection means fer selecting ona of the 

plura1ity of quantization coefficients~ and 

g} encodinq means for encodinq the quantized 

20 conve:ct.ed data usinq the quantization coefficient 

output from said selection means. 

22- An $ppa:ratus according to claim 21, wherein 

the converted data of the ~lurality of channels output 

25 from said parallel output means have a time difference 

of a predetermined period therebetveen. 

----
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23. An apparatus aceo~inq to claim 21, wherein 

said selection means seiects a quantization coef ficLent . 
for obtaining a data amount smaller than and closest to 

a desired data amount from. the pllll:'ality of data. 

5 amount:s. 

24. An apparatus accordinq to clai.JD. 21, further 

com.prisinq multiplexin~ means for .multiplexing the 

encoded data output from said encoding means, and the 

lO qu_antization coefficient for obtaining the encoded 

data. 

25. An apparatus according to claim 22, wherein 

said selection mean$ comprises a circuit for 

15 compensating for a ti.me difference in the plurality of 

quantization coefficients output f rOlll said coefficient 

generation means. 

26. An apparatus according to claim 22, wherein 

20 said operation means calculates data amounts, which are 

to be obtained when the converted data quantized by 

said qua.ntL~acion mea~s are encoded, in units of 

p:redetar.mined periods. 

25 27. An apparatus according to clainl 22, whe.rein 

said coefficient generation means updates the 

I lllllll llllll lllll lllll ll llll 
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quantization coefficient in units of predetermined 

periOds. 

28. An image encoding apparatus comprising: 

a) conversion means for convertinq ilnaqe 

information into data on. a frequency regionJ 

b) parallel output means fo:r parallelly 

outputtinq the converted data to output the converted 

data of a plurality of channels; 

c) quantization means for respectively quantizing 

the convert~ data of the plurality of channels output 

from said parallel output means; 

.d) operation mean$ for calcul.ating a data amount 

to be obtained when one of the converted data of the 

---· 

15 plurality of channels output from said quanti~ation 

20 

means are encoded; 

e) control means for controlling said 

quantization means according to a.n output from said 

operation means; 

f) a plurality of encodinq means for respectively 

encoding at least two of the converted data of the 

plurality of channels quantized by said q'liantiiation 

means~ and 

g} selection means for selectively outputting 

25 encoded codes output from said plurality of encoding 

means. 
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29. An apparatus accol:d.ing to claim 28, wherein 

the converted data of the plurality of c~annels output 

from said parallel output means have a time difference 

of a predete:cmine<i period therebetween. 

30. An apparatus accorcilnq to claim 28, wherein 

said selection means selects an encoded code smaller 

than and closest to a desired data amount from the 

encoded codes output from said plurality of encoding 

lO means. 

31. An apparatus according to claim. 28, further 

comprising multiplexing means for multiplaxinq the 

encoded code output from said selection means, and a 

15 quantization coefficient associated with a quantization 

step for obtaining 'the encoded code. 

32. An apparatus accordinq to claim 29, wherein 

said selection means comprises a circuit for 

20 compensating for a time difference in said control 

means. 

33. An apparatus according to claim 29, wherein 

said opera~ion means calculates a data amount, which is 

25 to be obtained when the converted. data quantized by 

said quantization means are encoded, in units of 

__ .... 

predetel:mined periods. 
I 1111111111111 11111 11111 111111 
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34. An apparatus according to claim 29, wherein said 

control means updates a control state of said 

quantization means in units of predetermined periods. 

·5 35. A transform image encoder including a quantizer 

and in which there is provided an ordering circuit for 

ranking the transform coefficients in sequence of 

their frequency content, characterised in that the 

ordering circuit ranks the coefficients prior to 

10 quantization thereof. 

36. A discrete cosine transform encoder in which 

transform coefficients are quantized by a quantizer 

with a variable scale, characterised in that the scale 

l5 of the quantizer is derived using imaqe data from 

preced.inq image frames. 

37. A method of transfo:r:m encoding a video signal, 

comprisinq the step of predicting a quantizer step 

20 value to match a desired amount of video image data, 

characterised in that the prediction is performed from 

image data ol at least one preceding frame. 

.;...- --
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39. An adaptive transform encoder including a 

controllable quantizer, in which the quantizer step 

size is initially set equal to its value on the 

preceding frame, and the step size value is then 

5 adjusted to adjust the amount of image data that would 

be qene%ated for the current 

predetermined constant amount. 

ill 
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