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TITLE OF THE INVENTION

VARIABLE LENGTH CODING METHOD

BACKGROUND OF THE INVENTION
Field of the Invention
This invention relates to a variable length coding
method intended to assign a different number of coding bits
in accordance with the information content of a sample in
converting an analog signal such as a television signal,

etc. to a digital signal.

Pescription of Related Art

Most of the recent domestic digital video cassette
recorders (referred to as a DVCR hereinafter) which are
under farther development use a tape of 8mm width. Fig. 1
illustrates a recording format of the DVCR conceivable from
the present magnetic recording technique. Assuming that the
length of a video track 21 of a tape 1 is approximately

62.4mm, the width thereof is 6um and the surface recording

2

density is 2.2um 7/bit, for example, in the case of record-

ing by use of four recording heads while the drum is rotated
at 3600rpm, the recording bit-rate becomes approximately

41.27Mbp§. On the other hand, if a digital video signal is
a signal of 4:2:2 cpmponent in compliance with an advice by

CCIR, the recording bit-rate is about 216Mbps. Therefore,
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I n accordance with the information content of a sanple in converting an
-anal og signal such as a television signal, etc. to a digital signal.
‘Description of Related Art Mdst of the recent donestic digital video
cassette recorders (referred to as a DVCR hereinafter) which are

it is considerably difficult to record the signal real time
on the tape of 8mm width as it is inputted, and it becomes
necessary to compress the inputted signal.

Meanwhile, a variable length coding method is con-
sidered as one method for compressing a signal. According
to this coding method, when the analog signal is converted
to a digital signal, a large number of coding bits is as-
signed to a sample having a large volume of information
content; whereas a small number of coding bits is assigned
to a sample having a small volume of information content.
That is, a different number of coding bits is assigned cor-
respoending to the volume of the information content. For
example, an argument "ON ADAPTIVE DCT CODING TECHNIQUES FOR
DIGITAL VIDEO RECORDING" (P.H.N.DE WITH and S.M.C. BORGERS,
Philips) is revealed on IERE Proc. 7th Int. Conference on
VIDEO, AUDIO and DATA RECORDING (March 1988). An example of
the variable length coding method is discussed therein,
which reads as follows:

Each block of samples of size 8X8, for example, are
considered, and correspondingly, the coefficients remaining
after cosine transformation are denoted as F(u,v), where
Ogu, v¢{7, The absclute address R of a coefficient is de-
fined as the ranking number determined by the scanning func-
tion S of the coefficients (Fig. 2), thus R=S{u,v), 25

where 0¢R$63. The coefficients are scanned before the
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under devel opnment use a tape of 8 mmw dth. Fig. 1 illustrates a recording

.format of the DVCR conceivable fromthe present nmagnetic recording

*techni que. Assuming that the length of a video track 21 of a tape 1 is

approximately 62.4mm the width thereof is 6[err]mand the surface

recording density is 2.2[err]nferr]/bit, for exanple, in the case of
recor d-

coding starts and f coefficients (with R>0) to be of non-
zero amplitude are assumed. Correspondingly, a coefficient
is uniquely determined by its amplitude F and its address

R (ranking number after scanning).

Step 1 (full sort): Select coefficients with R>0 and
order them in an amplitude stack. TFor the k-th selected
coefficient F the following holds:

[Py (Ry) |

‘Fk(Rk)‘

v

[Fe1(Bag) b s
0 (1<ked)

A\

The corresponding addresses Ry are stored in an address
stack. If |Fj(Rj)|= |Fx(Ry)| and Rj < Ry, then j<k.
Step 2 (construct-difference signal): Calculate the
amplitude differences Dk(Rk) defined by:
D(Ry) = [Fg_qR(kx-y) | - IFe(R)| » 2gkgl

D;(Ry) = |F1(Ry) ]|,

This difference signal D is a non-negative seguence for
each block. The original amplitude signs sign(Fy) are en-
coded separately. There are no changes in the address stack
during this step.'

Step 3 (address calculation): Recalculate from each

address Ry an address T, according to:

Tk = Rg = Rg-p = NglRg_gs Rg)y Dy =0
where Nk(Rl, Rg) refers to the number of (previously en-

coded) coefficients Fj, 1;jgk-1 having R1;R<R2. The stack
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I ng using of four recording heads while the drumis rotated at 3600r pm
recording bit-rate is approximtely 41. 27Mops. On the other hand, if a
‘digital video signal is a signal of 4:2:2 conponent in conpliance with
CC R, the recording bit-rate is about 216Mops. Therefore,

with amplitude differences is not changed during this step.

Step 4 (bit mapping): Coding of the sequence D), and
the corresponding addresses T, for lgkgl is performed here
with two variable-length code tables, viz. VLC p(Dy) and
VLCp(Ty). Furthermore, the DC coefficient F(0) is always
transmitted and the sings of each selected coefficient Fi as
well. An example of a list of Huffman codewords for ampli-
tudes and addresses is given in Fig. 3.

The DC coefficient F(0) is coded with some codeword C.
The coding terminates with an EOB (End of Block) codeword
since the number of coded coefficients may vary from block
to block. In addition, the efficiency can be improved
slightly by coding only the first coefficient with |[Fi| =1

- and skipping all the codewords from VLCp related to equal-
valued coefficients.

Since the conventional variable length coding method is
exerted as explained hereinabove, even if samples holding
much information content or less information content con-
centrate: in one block, the signals are successively coded
one by one, regardless of the fact of the concentration,
according to the method. As a result, the amount of data
becomes not constant relative to the capacity of a recording
medium, requiring some kind of manipulation such as sup-
pfession of the data which causes degradation of the image

quality in reproducing the data.
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2 it is considerably difficult to record the signal in real tinme on the
tape of 8™Mwidth as it is inputted, and it becones necessary to conpress
‘the inputted signal.

SUMMARY QF THE INVENTION

An object of this invention is to provide a variable
length coding method capable of averaging the information
content in each block after coding even if the information
content of the samples in the block is varied.

Another object of this invention is to provide a vari-
able lengtﬁ coding method capable of preventing degradation
of the data in recoraing and reproducing the same.

A further object of this invention is to provide a
variable length coding method, whereby the data related to
assigning method of coding bits is added to the coded digital
signal, thereby preventing deterioration of the error
correction capability or increase of tﬁe transmission bit-
rate.

According to a variable length coding method of this
invention, a different number of coding bits is assighed in
accordance with the information content a sample holds when
an analeg signal ;uch as a television signal, etc. is coded
to a digital signal.- The assigning method of coding bits is
made different for the kind of the analog signal, for exam-
ple, between a luminance signal and a chrominance signal.
Moreover, a plurality of assigning methods of coding bits
are determined, so that an optimum assigning method is se-

lected corresponding to the contents of the original signal.

(his Sheet Has Been RT

Wi s




3

Meanwhi |l e, a variable length coding nmethod is con- sidered as one nethod
for conpressing a signal. According to this coding nethod, when the anal og
'signal is converted to a digital signal, a |large nunber of coding bits are
as- signed to a sanple having a | arge volume of information content,
whereas a small nunber of coding bits is assigned

The data related to the plurality of assigning methods of
coding bits is added to the coded digital signal for re-
cording onto a recording medium.

The above and further objects and featurgs of the in-
vention will more fully be apparent from the following de-

tailed description with accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagram showing the pattern of a track of a
tape for a DVCR;

Fig. 2 is a diagram showing the scanning pattern of a
signal;

Fig. 3 is a list of Huffman codewords;

Fig. 4(a) and 4(b) are diagrams showing the structure
of a macro-block and a field, respectively;

Fig. 86, 6, 7 and 8 are bit maps of the numbers of
coding bits;

Fig. 9 is a block diagram showing the structure at the
recording side of*a DVCR to which is applied a variable
length coding method of this invention;

Fig. 10 is a block diagram showing the structure of a
coding circuit of Fig. 9;.

Fig. 11 is a table showing the calculating result of
transmission bit-rétes when a different bit map is used for

a luminance signal from that for a chrominance signal:
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to a sanple having a small volunme of information content. That is, a
_different nunber of coding bits is assigned cor- responding to the volune
*of the information content. For exanple, an argument "ON ADAPTI VE DCT
CODI NG TECHNI QUES FOR DI G TAL VI DEO RECORDI NG' (P.H. N.DE WTH and S. M C.
BORGERS, Philips) is revealed on |ERE Proc. 7th Int. Conference on

Fig. 12 is a table showing ﬁhe calculating result of
transmission bit-rates when the same bit map is used for a
luminance signal as that for a chrominance signal;

Fig. 13 is a table of the numbers of coding bits to be
assigned;

Fig. 14 is a block diagram showing the other structure
of the coding circuit of Fig. 9;

Fig. 15 is a table of the calculating result of trans-
mission bit-rates when the numbers of coding bits of Fig. 13
are assigned;

Fig. 16 is a diagram showing an example of the struc-
ture within one track of a tape; and

Fig. 17(a), 17(b) and 17(c) are diagrams showing the

structure of an error correction code.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

A variable length coding method according to one pre-
ferred embodiment of this invention will be discussed in
detail hereinbelow with reference to the accompanying draw-
ings.

It is to be noted here that the following description
of the embodiment is directed to the case where a television
signal in NTSC systém is convertéd to a digital signal and
recorded on a tape of a DVCR.

The structure of a macro-block (MB) which is a coding

~)

{his Sheet Has Been Rep 1

T



VI DEQ, AUDI O and DATA RECORDI NG ( Mar. 1988). An exanple of the variable

| ength coding nmethod is discussed therein, which reads as foll ows: Each

“bl ock of sanples of size 8X8, for exanple, are considered, and

correspondi ngly, the coefficients remaining after cosine transformation are
denoted as F(u,v), where

unit according to the present embodiment is illustrated in
Fig. 4{(a). Each sub-block of a luminance signal (Y) and
chrominance signals (R-Y) and (B-Y) consists of 8 samples Xx
8 lines. There are two sub-blocks of Y and each one block
of R-Y and B-Y in one MB. As indicatgd in Fig. 4(a), the
sub-block of R-Y or B-Y is physically equal in size to two
sub-blocks of Y. Fig. 4(b) indicates the structure of a
field of a video signal which field consists of 720 samples
X 241 lines, i.e., 1350MB according to the present embodi-
ment.

In coding, a digital signal is converted by the known
DCT (Discrete Cosine Transform) method. Supposing that the
inputted image signal in each block is expressed by x{(i,Jj)
(i,j=0, 1, =+, 7), DCT on 8 picture elements in horizontal
direction is performed to the image signal based on the

equations as below;

£(0,3) L ; x{1i,J)
) = J
2V2 357
. 1 7 . (23 + 1) mm
f(m,j) = 9 i§o x(i,j) cos 16
(m=1, 2, ..., 7) (j=0, 1, ..., T)

Thereafter, DCT on 8 picture elements in vertical direction
is conducted to the transformed image signal f(0,j) and
f(m,j) as indicated below, whereby the image signal is ex-

pfessed by coefficients Fi{m,n) (m, n=0, 1, ..., 7);
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O[err]u, v[err]7, The absolute address R of a coefficient is de- fined as
,the ranking nunber determ ned by the scanning func- tion S of the
‘coefficients (Fig. 2), thus R=S(u,v), 25 where O[err]Rerr]63. The
coefficients are scanned before the

1 7
F(m,0) = T T f(m,J)
Jj=0
T .
1 (2j+1)inm
F(m,n) = % f(m,j) cos
2 .- 16
j=0
(h =1, 2, «o0r, ) (m=0, 1, +o0p T)

The obtained coefficients are coded, when each sub-
block is scanned by the function S called as zigzag scan-
ning, similar to that shown in Fig. 2; In Fig. 2, the left-
upper coefficient is called the DC one, and the other coef-
ficients are called the AC ones. The DC coefficient is
coded with 8 bits, while AC coefficients are coded through
run-length coding, wherein R is a number-with consecutive
coefficients of zero value and S is an absolute value of the
coefficient not being zero, and Huffman codeword is assigned
to each coefficient corresponding to these R and 8. When
scanning by the function S, for examp}e. if a coefficient A
of 1 value follows two consecutive coefficients having zero
values, the coefficient A has the data R=2 and S=1.

In the present embodiment, an assigning method of
coding bits in the sub-block of the luminance signal (Y) is
made different from that in the sub-blocks of the chromi-
nance signals (R-Y) and {(B-Y).

Fig. 5 shows a bit map for use in the assigning method
of coding bits of the luminance signal. Since the DCT is

carried out with 8 bits or 9 bits depending on the kind of
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coding starts and | coefficients (wwth RO to be of non- zero anplitude
~are assunmed. Correspondingly, a coefficient is uniquely determned by its
‘anplitude F and its address R (ranking nunber after scanning). Step 1 (full
sort): Select coefficients with R>O and

the image, the number of bits is more or less varied. Table
Y in Fig. 5 is shown in Fig. 8. It is found out from the
map of Fig. 6 that the aforementioned coefficient A which
has the data R=2 and S=1 is assigned with 6 as the number of
coding bits. Similarly, Fig. 7 shows a bit map for use in
the assigning method of coding bits of the chrominance sig-~
nals and Table C in Fig. 7 is shown in Fig. 8.

The structure at the recording side of a DVCR for em-
bodying this invention is illustrated in Fig. 9, wherein
numerals 1 and 2 represent a tape and a rotary drum, respec-
tively. An analog video signal inputted from an input ter-
minal 5 is converted to a digital signal at an A/D converter
7 through a low-pass filter 6. An output from the A/D con-
verter 7 is processed by DCT treatment in a compressing cir-~
cuit 8.and then subjected to a variable length coding and a
correction coding and the like in a coding circuit 9. After
the coded signal is modulated in a modulating circuit 10, it
is recorded on the tape 1 by recording heads 3A, 3B, 4A and
4B. .

Fig. 10 is a block diagram showing the inner structure
of the coding circuit 9. The video signal after the DCT
is scanned by the function S in a scanning circuit 11. R
and S of each coefficient are determined in a run-length
détecting circuit 12 and a level detecting circuit 13. Each

coefficient is inputted to a first memory 14 by using each
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order themin an anplitude stack. For the k-th selected coefficient Fk the
follow ng holds: [err] The correspondi ng addresses Rlerr] are stored in an
a stack. If J[err] and Rerr] < Rerr], then j<k. Step 2
(construct-difference signal): Calculate the

binary code in combination of R and S as an address. Codes
corresponding to respective addresses are written in the
first memory 14 beforehand.

In response toc the binary code, a code is outputted
from the first memory 14. Since the largest number of bits
of the code outputted at this occasion is 21 (or 22), the
obtained values of R and S are inputted to a detecting cir-
cuit 15 for number of bits so as to determine the effective
number of bits. After the effective number of bits is de-
termined in the circuit 15, the code is written into a
second memory 16, corrected in an error correction coding
circuit 17 and inputted to the modulating circuit 10.

Hereinbelow, it will be compared how much the amount of
data is reduced between the case where all the signals are
coded according to only one coding method as in the prior
art and the case where the signals are coded by changing the
coding method corresponding to the tendency of the signals
as in the present embodiment. Coding is performed for
standard image signals and the transmission bit-rate is
calculated. It is to be noted here that an image used here
is three kinds of standard static images, namely, @wea.ther
forecast, @ mountain villé.ge in Switzerland and@ tulip
garden, based on the ITE chart of Television Institution.

In thé first place, the calculating result is compared

between the following two cases:
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anplitude differences Dierr](R err]) defined by: [err] This difference
signal Derr] is a non-negative sequence for each bl ock. The original

“anmpl i tude signs sign(F[err]) are en- coded separately. There are no changes
in the address stack during this step.

A: The bit maps of Figs. 5 and 6 are used for the
luminance signal (Y) and the bit maps of Figs. 7 and 8 are
used for the chrominance signals (R-Y) and (B-Y);

B: The bit maps of Figs. 7 and 8 are used for both the
luminance signal and the chrominance signals.

The calculating result in each of the above cases A and
B is tabulated in Figs. 11 and 12, respectively.

As is clear from the comparison between Figs. 11 and
12, the transmission bit-rate of the luminance signal is
reduced more in any case of A than B. Accordingly, it is
more effective to reduce the transmission bit-rate to change
the bit maps between the luminance signal and chrominance
signals in accordance with the tendency of the signals,
rather than to apply only one kind of the bit map to all the
signals as in the convéntional method.

This method may be further developed to form a bit map
fit for every different field or every different image.

That is, combinations P(R,S) of R and S are formed, and the
existing probabilaty of the coefficient for each P(R,S) to
the total number of coefficients in one image field is ob-
tained, thereby assigning coding bits from a smaller one in
the order of the probability from a larger one.

Fig. 13 shows the coding bits assigned according to the
aBove-described developed method.

The structure of the coding circuit 9 for practicing

—
[\
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Step 3 (address calculation): Recalculate fromeach address R err] an
address T[err] according to: [err] where N(Rlerr], Rlerr]) refers to the
‘nunber of (previously en- coded) coefficients F[err] [err]j[err]k-1
having Rlerr][err]Rerr]R err]. The stack

the developed method is indicated in Fig. 14. When the run
length (R) and the value of the coefficient (S) are deter-
mined in the similar manner as in Fig. 10, the value of the
coefficient is counted one to the corresponding P(R,S) by a
counter 18. At the same time, the coefficient is once
stored in the first memory 14. After the coefficients of
one field are completely counted, the existing probability
of the coefficient is obtained by an order detecting circuit
19, and a ranking number form the first to 60th is assigned
to each P(R,S) in the order from the one having the coef-
ficient of a larger probability. Then, the number of coding
bits is given by the detecting circuit 15 and at the same
time, the address of the memory is controlled by an addres-
sing circuit 20. Signals in the first memory 14 are sequen-
tially read out from the first of the ranking number to be
written in the second memory 16. The subsequent process
goes the same as in Fig. 10.

The calculating result by this method is tabulated in
Fig. 15, which m;kes it clear that the transmission bit-rate
is much more reduced than in the case A of Fig. 11, that is,
the coding method of this invention is remarkably improved
as compared with the conventional method.

Now, it will be explaiﬁed how to record the signal
aésigned with the number of coding bits in accordance with

the above bit map on the tape 1.
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4 with anplitude differences is not changed during this step. Step 4 (bit
mappi ng) : Codi ng of the sequence Dk and the correspondi ng addresses Tk for
Tlerr]k[err]l is perfornmed here

As shown in Figs. 5 and 6 (or Figs. 7 and 8), there are
60 combinations of R and S in total in the bit map wherein
3-14 bits are assigned. By the other combinations of R and
S, either 18 bits or 21 (22) bits are assigned, i.e, the number
of coding bits assigned is virtually constant. Therefore,
the following description is made on the assumption to
record the data related to the 60 combinations (R,S) on the
tape 1.

The combinations (R,S) are ranked in the order of the
number of coding bits from a smaller one. Taking the case
of Figs. 5 and 6 by way of example, the first rank is (0,1),
the second rank (0,2), the third rank (1,1), .... The rank
of the combination and a binary code corresponding to the
subject combination (R,S) are written in the first memory 14
as an address. In the meantime, the combination (R,S) is
expressed by a ten-bit code, each of R and 8 by five bits.
For example, the combination (0,1) is defined by
"0000000001". This code has 10 X 60 = 600 (bits)=
(bytes) for one gield, and accordingly approximately 150
bytes for one field including those of the chrominance
signals.

As compared with the recording format shown in Fig. 1,
since the linear recording density is about 70kbpi, the
amount of data recordable in one track is about 21500 bytes.

An example of the inner structure of the track is shown in
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with two variable-length code tables, viz. VLC D(Dk) and VLCT(T[err]).
Furthernore, the DC coefficient F(O) is always transmtted as well as the
sign of each selected coefficient Fk. An exanple of a list of Huffnman
codewords for anplitudes and addresses is given in Fig. 3. The DC
coefficient F(0) is coded with some codeword C.

Fig. 16. Supposing that 4-5% or so of the video signals are
assigned to a subcode area, the amount of data recordable

in one subcode area is 336 bytes, which is enough to record
the data related to the combination (R,S). Since the inner
structure of the track is not restricted to that of Fig. 16,
for example, the data related to the combination (R,S) may
be recorded in a portion of ID sighals in a different struc-
ture.

Furthermore, the data corresponding to the bit map may
be superimposed with an error correction code for being
recorded on the tape 1. The superimposion of codes is dis-
closed, e.g., in "New Classes of Binary Codes Constructed on
the Basis of Concatenated Codes and Product Codes" (M.
Kasahara, et al., IEEE Transactions on Information Theory,
Vol. IT-22, No. 4, July 1976) or the like.

By way of example, if the recording bit-rate of the
image after it is compressed is about 25Mbps and one field
is constr;cted of two tracks, the amount of data per one
track is about 27,000 bytes. Fig. 17(a) shows an example of
the structure of ;odes in the track, wherein one track is
divided into two blocks, each block constituted of a product
code of (241,225,17) RS code (Cl code) and (64,60,5) RS code
{C2 code). On the other hand, Figs. 17(b) and 17(c) show
the structure of codes, wherein besides the structure of

Fig. 17(a), (64,48,17) RS code is constructed of four code-

...... e 15
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The coding termnates with an EOB (End of Bl ock) codeword since the nunber
of coded coefficients may vary fromblock to block. In addition, the
‘efficiency can be inproved slightly by coding only the first coefficient
with |[F[err]| = 1 and skipping all the codewords from VLCD related to
equal - val ued coefficients.

words and superimposed with a check code portion of the Cl
code. Cl code and C3 code are called also as an LDC (Loﬁg
Distance Code) and employed in an optical disc apparatus,
etc., realizing.an error correction LSI.

The transmission of data is carried out in a direction
of the Cl code. The efficiency can be strengthened to a
burst error if two blocks in one track are interleaved. The
Presence or absence of the superimposed C3 code is deter~
mined by an ID number. Without the superimposed C3 code, 8
error corrections are conducted by the Cl code. If the C3
code is superimposed, the superimposed portion is regarded
as an erasure, so that four erasures and six error correc-
tions are carried out by the Cl code. The error in the
position of the erasure has the pattern (C3 code datat+true
error), so that the C3 code can be separated. In the case
where correction is impossible in decoding the Cl code, a
flag is erected for the codeword, with the erasure correc-
tion performed by the C2 and C3 codes. Only the Cl code is
used for correct{on during the high sped search or the like.

Supposing that the data related to the 60 combinati;ns
(R,S) is superimposed for recording, when the combination
(R,S) is expressed by a code of 10 bits, as described ear-
lier, the code is 75 bytes for one field, resulting in about
150 bytes per one field including those of the chrominance

signals. 1In contrast, since the area of the superimposing
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Since the conventional variable length coding nmethod is perforned as
expl ai ned herei nabove, even if sanples holding nuch information content or
less information content in one block, the signals are successively coded
one by one, regardless of the fact of the concentration, according to the
method. As a result, the anmount of data is not constant

code is 48 X 4 = 192 bytes as shown in Fig. 17(b)}, the
binary code of (R,S) of one field can be sufficiently
recorded.

Although the superimposing code is so constructed as
shown in Fig. 17 in the present embodiment, the structure
thereof is not limited, but be formed in any arbitrary
fashion.

The bit map is changed between the luminance signal and
color signals, and an optimum bit map is selected for every
unit of a field in the foregoing embodiment. However, the
bit map may be changed in the other manners.

Furthermore, the sub-block and macro-block of the signal
may be formed in a different structure from that shown in
Fig. 4(a). Also the structure of one field may be changed
from that of Fig. 4(b).

According to the foregoing embodiment, the variable
length coding system is applied to the case where a televi-
sion signal is recorded on the DVCR. The same effect can be
achieved even if the system is applied to the other signals
or apparatuses.

As this invention may be embodied in several forms
without departing from the spirit of essential characteris-
tics thereof, the present embodiment is therefore illustra-
tive and not restrictive, since the scope of the invention

is defined by the appended claims rather than by the de-

=3
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relative to the capacity of a recording nedium requiring sone kind of
mani pul ati on such as suppression of the data which causes degradati on of
‘the inmage quality in reproducing the data.

scription preceding them, and all changes that fall within
the metes and bounds of the claims, or equivalence of such
metes and bounds thereof are therefore intended to be em-

braced by the claims.
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5 SUNWWI NVENTI ON An obj ect of this invention is to provide a
vari abl "”iﬁﬁ h codi ng e ng t hod capabl e of averaging the infornmation content

in eac I m "ﬂﬂ ng even if the information

L

What is claimed is:

1. A variable length coding method for coding an ana-
log signal containing a first analog signal and a second
analog signal whose frequency components are different each
other to a digital signal, comprising:

| a first step of obtaining a first block having a pre-
determined number of sample signals by sampling said first
analog signal at a fist sampling frequency;

a second step of obtaining a second block having a pre-
determined number of sample signals by sampling said second
analog signal at a second sampling frequency;

a third step of coding said first block with a first
assigning method of coding bits; and

a fourth step of coding said second block with a second
assigning method of coding bits different from said first

assigning method.

2. A variabie,length coding method as set, forth in
Claim 1, wherein said first analog signal is a video lumi-
nance signal and said second analog signal is a video chro-

minance signal.

3. A variable length coding method as set forth in

Claim 1, wherein said third step includes,

Sheet Has Been Replaced

T



cont emt 0| the aa“p‘ea in the block is varied. Another object of this
inventi gnwgni | -a vari- able length codi ng nethod capabl e of

preve of the data in recording and reproducing the sane.
further*o | ec invention is to provide a variable | ength coding
met hod, whereby the data related to

a step of executing DCT for said first block and ob-
taining coefficients;

a step of scanning said coefficients in a predetermined
order and obtaining R indicating a number of consecutive
coefficients with zero and S indicating an absolute value of
each coefficient; and

a step of coding each coefficient on the basis of the
combination of said R and S with said first assigning method

of coding bits.

4, A variable length coding method as set forth in
Claim 1, wherein said fourth step includes,

a step 6f executing DCT for said second block and ob~
taining coefficients; |

a step of scanning said coefficients in a predetermined
order and obtaining R indicating a number of consecutive
coefficients with zerc and S indicating an absolute value of
each coefficient; and

a step of coding each coefficient on the basis of the
combination of said R and S with said second assigning me-

thod of coding bits.

5. A variable length coding method for coding a tele-
vision signal containing a luminance signal and two kinds of
chrominance signal to a digital signal, comprising:

This Sheet Has Been Replaced 20
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assigning nethod of coding bits is added to the coded digital signal,

t hereby preventing deterioration of the error correction capability or

1 ncreas
codi ng

assigned ‘in®

i

This Sheet Has Been RTlaced
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a first step of obtaining a first sub;block having a
predetermined number of sample signals by sampling said
luminance signal at a predetermined sampling frequency;

a second step of obtaining two second sub-blocks each
of which has said predetermined number of sample signals by
sampling said two kinds of chrominance signal at half of
said predetermined sampling frequency;

a third step of composing a macro-block by combining
said first sub-block and two second sub-blocks;

a fourth step of composing one field by combining a
plurality of macro-blocks;

a fifth step of coding said first sub-block with a
first assigning method of coding bits; and

a sixth step of coding said second sub-blocks with a
second assigning method of coding bits different from said

first assigning method.

6. A variable length coding method as set forth in
Claim 5, wherein said first sub-block and said second sub-

blocks have sample signals of 8 samples per 1 line X 8

lines.

7. A variable length coding method as set forth in
Claim 5, wherein said fifth step includes,

a step of executing DCT for said first sub-block and

21




accordance with the informati on content a sanple holds when an anal og
si gnal suctras—a tel evision signal, etc. is coded to a digital signal

“assigm

anal og

si gnal .
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reo allty of assigning nethods of coding bits

obtaining coefficlents;

a step of scanning said coefficients in a predeter-
mined order and obtaining R indicating a number of consecu-
tive coefficients with zero and S indicating an absolute
value of each coefficient; and

a step of coding each coefficient on the basis of the
combination of said R and 8 with said first assigning method

of coding bits.

8. A variable lehgth coding method as set forth in
Claim 5, wherein said sixth step includes,

a step of executing DCT for said second sub-blocks and
obtaining coefficients;

a step of scanning said coefficients in a predetermined
order and obtaining R indicating a number of consecutive
coefficients with zero and S indicating an absolute value of
each coefficient; and

a step of coding each coefficient on the basis of the
combination of said R and S with said second assigning meth-

od of coding bits.

8. A variable length coding method for coding an ana-
log signal to a digital signal, comprising:
a step of determining a plurality of coding methods

whose numbers of coding bits are different one another;

22
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are determ ned”

mul!ﬂﬂw Hmﬂg,urmm assigning nethod is se- lected
_correspondi ng te i U] f the original signal. 6

This Sheet Has Been

a step of selecting one coding method from said plura-
lity of coding methods on the basis of the content of said
analog signal; and

a step of coding said analog signal to said digital

signal with the selected coding method.

10. A variable length coding method for coding an ana-
log signal to a digital signal, comprising:

a step of obtaining a block having a predetermined
number of sample signals by sampling said analog signal at a
predetermined sampling frequency;

a step of executing DCT for said block and obtaining
coefficients;

a step of scanning said coefficients in a predetermined
order and obtaining R indicating a number of consecutive
coefficients with zero and S indicating an absolute value of
each coefficient;

a step of computing the existing probability of the
combination of said R and S;

a stép of éetermining the number of coding bits to be
assigned in each combination of said R and S on the basis of
the existing probability; and

a step of coding each coefficient according to the

determined number of coding bits.

23
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The dat a—+etated To the plurality of assigning nethods of coding bits is
added to LSI gnal for re- cording onto a recordi ng nedi um
The above Ei! ﬂﬂ“ﬂ“ﬂl&m ts and features of the in- vention will nore
fu rent ftom tHe following de- tailed description with
accorrpanyl ng draw ngs.

11. A variable length coding method as set forth in
Claim 10, wherein the larger said existing probability is,

the smaller said number of coding bits to be assigned is.

12. A variable length coding method as set forth in
Claim 10, wherein said analog signal is a luminance signal

contained in a television signal.

13. A wvariable length coding method as set forth in
Claim 10, wherein said analog signal is a chrominance signal

contained in a television signal.

14, A variable length coding method for coding a tele-
vision signal containing a luminance signal and two kinds of
chrominance signal to a digital signal, comprising:

a step of obtaining a digital sisgsnal in every one field
by sampling said television signal per one field at a pre-
determined sampling frequency;

a step of d}viding said digital signal in every one
field into a plurality of blocks:

a step of coding the digital signal equivalent for
said luminance signal with a first assigning method of
coding bits; and

a step of coding the digital signal equivalent for said

chrominance signal with a second assigning method of coding

e I N
as Been Replaced
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BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a diagramshow ng the pattern
of a track of a tape for a DVCR, Fig. 2 is a diagram show ng the scanni ng
‘pattern of a signal; Fig. 3 is a list of Huffnman codewords;

bits different from said first assigning method.

15. A variable length coding and recording method for
coding an analog signal to a digital signal in variable
length and recording the coded digital signal on a recording
medium, comprising:

a step of determining a plurality of coding methods
whose numbers of coding bits are different one another;

a step of selecting one coding method from said plu-
rality of coding methods on the basis of the content of said
analog signal;

a step of coding said analog signal to said digital
signal with the selected coding method:; and

a step of recording data related to said plurality of
coding methods on said recording medium in addition to the

coded digital signal.

16. A variable length coding and recording method as
set forth in Claim 15, wherein an error correction code for

correcting an error of coding is recorded on said recording

medium.

17. A variable length coding and recording method as
set forth in Claim 16, wherein said data related to said

plurality of coding methods is superimposed with said error

25
This Sheet Has Been R

U



a) and 4 are diagrans show ng the structure of a macro-bl ock and
a flﬂ tr”m;l ﬂl“L Fig. 5, 6, 7 and 8 are bit maps of the nunbers of
‘codi a bl ock diagram show ng the structure at the

recordi ng S|de of *a DVCR to which is applied a variable

correction code on said recording medium.

18. A variable length coding and recording method for
coding an analog signal containing a first analog signal and
a second analog signal whose frequency components are dif-
ferent each other to a digital signal in variable length and
recording the coded digital signal on a recording medium,
comprising:

a step of obtaining a first block having a predeter-
mined number of sample signals by sampling said first analog
signal at a first sampling fregquency;

a step of obtaining a second block having a predeter-
mined number of sample signals'by sampling said second
analog signal at a second sampling frequency;

a step of coding said first block with a first assign-
ing method of coding bits;

a step of coding said second block with a second as-
signing method of coding bits different from said first as-
signing method; and

a step of re;ording data related to said first and

second assigning method on said recording medium.

19. A variable length coding and recording method for
coding a television signal containing a luminance signal and

two kinds of chrominance signal to a digital signal in vari-

26
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| engt h codingmet-hod of this invention; Fig. 10 is a block diagram show ng

the str ng circuit of Fig. 9; Fig. 11 is a table show ng the
“cal cul amnﬂm @@ ansnmi ssion bit-rates when a different bit map is

used for*a naI fromthat for a chrom nance signal:

able length and recording the coded digitai signal on a tape
for a digital video cassette recorder, comprising:

a step of obtaining a first sub-block having a pre-
determined number of sample signals by sampling said lumi-
nance signal at a predetermined sampling frequency;

a step of obtaining two second sub-blocks each of which
has said predetermined number of sample signals by sampling
said two kinds of chrominance signal at half of said pre-
determined sampling frequency;

a step of coding said first sub-block with a first
assigning method of coding bits;

a step of coding said second sub~blocks with a second
assigning method of coding bits different from said first
assigning method; and

a step of recording data related to said first and

second assigning method on said tape.

20. A variable length coding and recording method for
éoding a television signal containing a luminance signal and
two kinds of chrominance signal to a digital siénal in vari-
able length and recording the coded digital signal on a tape
for a digital video cassette recorder, comprising:

a step of obtaining blocks having a predetermined

number of sample signals by sampling said luminance signal

and chrominance signal respectively at a predetermined sam-

3
-]
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7 Fig.—&2~+sna~LabLe shomﬁng the calculating result of transm ssion

sane bit map is used for a

mﬂl Hlﬂ lllﬂ il llll

pling fregquency;

a step of executing DCT for said each block and ob-

taining coefficients; ﬂ

a step of scanning said coefficients in a predetermined
order and obtaining R indicating a number of consecutive
coefficients with zero and S indicating an absolute value of
each coefficient;

a step of computing the existing probability of the
combination of said R and S;

a step of forming a bit map indicating the number of
coding bits to be assigned in each combination of said R and
S on the basis of the existing probability;

a step of coding each coefficient according to said
bit map; and

a step of recofding on said tape data related to said
bit map in addition to data obtained by coding each coef-

ficient.
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*

| um nance signal as that for a chrom nance signal; Fig. 13 is a table of
the nunbers of coding bits to be assigned; Fig. 14 is a block diagram
‘showi ng another structure of the coding circuit of Fig. 9; Fig. 15 is a
table of the calculating result of trans-

ABSTRACT OF THE DISCLOSURE

A variable 1éngfh coding method designed to assign a
different number of coding bits in accordance with the
information content a sample holds when an analog signal
such as a television signal or the like is converted to a
digital signal. An assigning method of coding bits used to
a luminance signal is different from that used to a chro-
minance signal. A variable length coding method is further
capable of selecting an optimum assigning method in accord-
ance with contents of an original signal from a plurality of
determined assigning methods of coding bits. The data re-
lated to the plurality of assigning methods of coding bits
is recorded on a medium after it is added to a coded digital

signal.
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m ssion bit-rates when the nunbers of coding bits of Fig. 13 are assigned;
Fig. 16 is a diagram show ng an exanple of the struc- ture w thin one track
of a tape; and Fig. 17(a), 17(b) and 17(c) are diagrans show ng the
structure of an error correction code.
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DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS A vari abl e | ength codi ng net hod
according to one pre- ferred enbodinent of this invention will be discussed
in detail hereinbelowwth reference to the acconpanying draw ings. It is
to be noted here that the follow ng description

Fig. 2

Prior Art

8 SAMPLES

—

8 SAMPLES

.
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of the enbodinent is directed to the case where a television signal in NTSC
systemis converted to a digital signal and recorded on a tape of a DVCR
*The structure of a macro-block (MB) which is a coding

Fig. 3

Prior Art

IIIIIIII llﬂll Illl III ﬁll

VALUE  AMPLITUDE CODE  ADDRESS CODE
0 1
1 00 00
2 g1 11
3 01010 101
4 010011 0100
5 0100100 1000
6 0101101 01011
7 0101111 gt111
8 01011000 01101
9 01011001 10011
10 0101110000 01100
11 0101110001 010101
12 0101110010 011100
13 0101110011 100100
14 0101110100 0111010
15 0101110101 01010000
16 01001010000 01010001
17 01001010001 01010010
18 01001010010 011101100
19 01001010011 011101101
20 01001010100 01010011
21 01001010101 011101110
22 01001010110 0111011110
23 019001010111 grti1ot1t
24 01001011000 1001010000
25 01001011001 100101000
26 01001011010 1001010010
21 01001011011 1001010011
28 01001011100 1001010100
28 01001011101 1001010101
30 01001011110 1001010110
31 01001011111 1001010111
32 (EOB)01000 100101145 bi
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unit according to the present enbodinent is illustrated in Fig. 4(a). Each
sub- bl ock of a |lum nance signal (Y) and chrom nance signals (R Y) and (B-Y)
‘consists of 8 sanples x 8 lines. There are two sub-blocks of Y and each one
bl ock of RY and B-Y in one MB. As indicated in Fig. 4(a), the

Fig,. 4(a)

1 MACRO-BLOCK ( MB )
8 SAMPLES__ -8 SAMPLES—__

~-SUB-BLOCK

T——8 sampLEs ——

8 LINES
R -Y
N

// | B - Y

8 LINES

\|__——8SAMPLES —

~SUB-BLOCK -

A

~—SUB-BLOCK

\

Fig. 4(b)

45MB (720 SAMPLES)
= -~

1 FIELD 30MB(240 LINES)
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sub-block of RY or B-Y is physically equal in size to two sub-bl ocks of Y.
Fig. 4(b) indicates the structure of a field of a video signal which field
consi sts of 720 sanples x 240 lines, i.e., 1350MB according to the present

enbodi - nment. In coding, a digital S|gnal I's converted by the known

Fig. b
S —
1 30 31 - 64 65 256(512)
R 0 '
|
TABLE Y 18 BIT
16
17
21 BIT (228BIT)
63

( ):9 BIT DCT
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DCT (Di screte Cosine Transform method. Supposing that the inputted inmage
signal in each block is expressed by x(i,j) (i,j=0, 1, ..., 7), DCT on 8
‘picture elenments in horizontal direction is performed to the inage signal
based on the equations as below, [err]
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Thereafter, DCT on 8 picture elenents in vertical direction is perfornmed to
the transformed i mage signal f(0,j) and f(mj) as indicated bel ow, whereby
the image signal is ex- pressed by coefficients F(mn) (m n=0, 1,

7);

1 1617 32 33 256(512)

TABLE C

21

18 BIT

31
32

21 BIT (22BIT)

63

( ):9 BIT DCT
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., 7) The obtained coefficients

(m=0, 1,
2 3 4 5 6 7 8 910111213 141516

1)
1

TABLE C

OO MATDEDCO A D A O K A CO O

P gl e e g P geme @ g @RS Gy g g P e g ey e g g g
P g g geee g g P S g g s g e o g g g e g e P
e p— g g g g g— e A ge— TP AV it g RS e s RS g R g ge——
e g g— g g g g P Y gma g e GRS g e Y gERe (e g e e g
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Fig. 8

RN

are coded, when each sub- block is scanned by the function S called as

9 [err] (n =1, 2,
'zi gzag scan-

De— MW~ ON O —
O— MmO 2T N = P ey

laced

ﬂ

€]

Thjs| IShiet Has Been R



ning, simlar to that shown in Fig. 2. In Fig. 2, the left- upper
coefficient is called the DC one, and the other coef- ficients are called
the AC ones. The DC coefficient is coded with 8 bits, while AC coefficients
are coded through run-length coding, wherein Ris a nunber with consecutive
coefficients of zero value and S is an absol utg val ue of the

) =
//

38

3A

MODULAT ING
CIRCUIT

CODING
CIRCUIT
9

COMPRESS ING
CIRCUIT

CONVERTER
7

A/D

LOW-PASS
FILTER

Fig. 9
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e

coefficient not being zero,

and Huf fman codeword is assigned to each

coefficient corresponding to these R and S. Wen scanning by the function

S, for exanple,

coefficients having zero val ues,

S=1.

g. 10

In the present enbodi nent,

if a coefficient A of 1 value follows two consecutive

the coefficient A has the data R=2 and

an assi guj

2

MODULATING
CIRCUIT

C ot

ng-nef hod of

1
1

ERROR
COD ING

CIRCUIT

N\~ CORRECT | ON

17

Y
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MEMORY
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FIRST

MEMORY

DETECTING
CIRCUIT

S
»

OF BITS

RUN-LENGTH

CIRCUIT

“|FOR NUMBER

~12

LEVEL

3
\

CIRCUIT

—>DETECT ING

|

—={DETECT ING
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i
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COMPRESS ING
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9 bits

is made different

(Y)

nance signals (RY) and (B-Y)

saqy | sdgy | sdaqp sdqy | sdaW [ 3ivi-118
8L'zv | G1°65 | 80y 8962 | 1L 'a¥ viol
BAqN sdqp sSAdqN sAqQ sdqi (A—8)
€0 '8 oLzl | wi'L 1€ 9 9¢ 6 | 3Llvd-LIg
sdq sdqpy sdqp sdqp sdqi (A=d)
90 'L 060l | 2€°9 8L "G 16 |3lvi-118
sdgi sdqp sdgqiy sdqp sdqly (A)
69 ‘L2 | 60°9€ | 20°LZ 6G 'Ll | ¥0°Lz |3lva-114
G0 0°l G0 G0 0°L [oNILlHDIIM
NIQaYD dinL @ | INVIddL 18V93304 ¥3HLvIM D
39V 771 A

Since the DCT is carried out with 8 bits or

in the sub-bl ocks of the chrom -
dependi ng on the kind of

Fig. 5 shows a bit map for use in the assigning method of coding bits of

coding bits in the sub-block of the |um nance signal

t he | um nance si gnal

fromthat




| ess varied. Table Yin Fig. 5

i'sS nore or

of bits
is found out fromthe

t he nunber

10 t he i mage,

It

is shown in Fig. 6.
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map of Fig. 6 that the aforenmentioned coefficient A which has the data R=2
and S=1 is assigned with 6 as the nunber of coding bits. Simlarly, Fig. 7
shows a bit map for use in the assigning nethod of coding bits of the
chrom nance sig- nals and Table Cin Fig. 7 is shown in Fig. 8. The
structure at the recording side of a DVCR for em

ORDER 1121314567898 ]10N
NUMBER OF BIT}3 13| 4]|5(5|6]|6]6]7]|717

12]113|14]15116]17{18]18]20121-28

29-44145-60] NOT LESS THAN 61

20(8 BIT DGT) OR
13 14 21(9 BIT DCT)
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bodying this invention is illustrated in Fig. 9, wherein nunmerals 1 and 2
represent a tape and a rotary drum respec- tively. An anal og video signal
inputted froman input ter- mnal 5 is converted to a digital signal at an
Al D converter 7 through a | owpass filter 6. An output fromthe A/ D con-

verter 7 is prgcessed- by—PDCi—+eat-ieit —+-a-coapr-essing—cl £ = -
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is recorded on the tape 1 by
10 is a bl ock diagram show ng the

it

4A and 4B. Fig.

g and the like in a coding circuit 9. After the coded signal
3B,

e

nodul ated in a nodulating circuit 10,
recordi ng heads 3A,

cuit 8 and then subjected to a variable I ength coding and a correction
I nner

codi n
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bi nary code in conbination of Rand S as an address. Codes corresponding to
respective addresses are witten in the first nenory 14 beforehand. In
"response to the binary code, a code is outputted

Fig. 17(a)
225 16
S
solY|!
N|D IMAGE DATA C1 CHECK
C
4 C2 CHECK
Fig.17(b)
4
s8|=|
3
16/C3
Fig. 17(c)
225 12 14
7
S Z,
ﬁ ll) IMAGE DATA Cl é
) CHECK %
-
7
C2 CHECK Z
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TITLE OF THE INVENTION

VARIABLE LENGTH CODING METHOD

BACKGROUND OF THE INVENTION
Field of the Invention
This invention relates to a variable length coding
method intended to assign a different number of coding bits
in accordance with the information content of a sample in
converting an analog signal such as a television signal,

etc. to a digital signal.

Description of Related Art

Most of the recent domestic digital video cassette
recorders (referred to as a DVCR hereinafter) which are
under farther development use a tape of 8mm width., Fig. 1
illustrates a recording format of the DVCR conceivable from
the present magnetic recording techniéue. Assuming that the
length of a video track 21 of a tape 1 is approximately
62.4mm, the width thereof is 6um and the surface recording
density is 2.2pn1%bit, for example, in the case of record-
ing by use of four recording heads while the drum is rotated
at 3600rpm, the recording bit-rate becomes approximately
41.27Mbp§. On the other hand, if a digital video signal is
a signal of 4:2:2 component in compliance with an advice by

CCIR, the recording bit-rate is about 216Mbps. Therefore,
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second nenorjy fIo CGTrected |h an error correction coding circuit 17 and
inputted to:the %?ﬂﬁgéﬁ?ﬁf ?IFCUII 10. Hereinbelow, it wll be conpared how
“much the amjunt educed between the case where all the signals
are coded aCC¢L94ng:;o_onL¥JoFe coding_nmethod as in the prior art and the

case where fhe S|gnaI§W§}e coged by changlng t he

it is considerably difficult to record the signal real time
on the tape of 8mm width as it is inputted, and it becomes
necessary to compress the inputted signal.

Meanwhile, a variable length coding method is con-
sidered as one method for compressing a signal. According
to this coding method, when the analog signal is converted
to a digital signal, a large number of coding bits is as~
signed to a sample having a large volume of information
content, whereas a small number of coding bits is assigned
to a sample having a small volume of information content.
That is, a different number of coding bits is assigned cor-
responding to the volume of the information content. For
example, an argument "ON ADAPTIVE DCT CODING TECHNIQUES FOR
DIGITAL VIDEO RECORDING" (P.H.N.DE WITH and S.M.C. BORGERS,
Philips) is revealed on IERE Proc. 7th Int. Conference on
VIDEO, AUDIO and DATA RECORDING (March 1988). An example of
the variable length coding method is discussed therein,
which reads as follows:

Each block of samples of size 8X8, for example, are
considered, and correspondingly, the coefficients remaining
after cosine transformation are denoted as F(u,v), where
Ogu, v¢7, The absolute address R of a coefficient is de-
fined as the ranking number determined by the scanning func-
tion S of the coefficients (Fig. 2), thus R=S(u,v), 25
where O0(R<63. The coefficients are scanned before the

This Sheet Has Been Replaced
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codi ng met hod L% L 01 t he tendency of the signals as in the
present enbod nt. Codin performed for standard image signals and the
‘transm ssi on pi MAU&W@ZI llated. It is to be noted here that an inmage
used here is fhyfee kinds of tandard static images, namely, [err] weather
forecast, [er{] mountalmViTTage in Swi'tzerland and [err] tulip

= P T

coding starts and f coefficients (with R>0) to be of non-
zero amplitude are assumed. Correspondingly, a coefficient
is uniquely determined by its amplitude F and its address

R (ranking number after scanning).

Step 1 (full sort): Select coefficients with R>0 and
order them in an amplitude stack. For the k-th selected
coefficient Fi the following holds:

P (Rl 2 [Fra1(Rie) | -,

IF(Ri)l > 0 (1¢ked)

The corresponding addresses Ry are stored in an address
stack. If |F;(R;)|= |Fi(Ry)| and Rj < Ry, then j<k.

Step 2 (construct-difference signal): Calculate the
amplitude differences Dk(Rk) defined by:

Dy (Ry)

Dy(Ry)

[Pp-1Rg-1) 1 = |FR(RE)] 4 28kel
'Fl(Rl)|' k=1

This difference signal D; is a non-negative sequence for
each block. The original amplitude signs sign(Fk) are en-
coded separately. There are no changes in the address stack
during this step.

Step 3 (address calculation): Recalculate from each

address Rk an address Tk according to:

Tk Rk-Nk(l’Rk)’ Dk > 0
Tk = R = Rg-1 = NplRgogs Bg)y D =0
where Ni(R;, Ryp) refers to the number of (previously en-

coded) coefficients Fj, léj;k-l having R1;R<R2. The stack
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with amplitude differences is not changed during this step.

Step 4 (bit mapping): Coding of the sequence D). and
the corresponding addresses T) for 1;kg2’ is performed here
with two variable-length code tables, viz. VLC (D)) and
VLCp(Ty ). Furthermore, the DC coefficient F(0) is always
transmitted and the sings of each selected coefficient Fi. as
well. An example of a list of Huffman codewords for ampli-
tudes and addresses is given in Fig. 3.

The DC coefficient F(0) is coded with some codeword C.
The coding terminates with an EOB (End of Block) codeword
since the number of coded coefficients may vary from block
to block. 1In addition, the efficiency can be improved
slightly by coding only the first coefficient with |Fy| = 1

. and skipping all the codewords from VLCp related to equal-
valued coefficients.

Since the conQentional variable length coding method is
exerted as explained hereinabove, even if samples holding
much information content or less information content con-
centrate: in one block, the signals are successively coded
one by one, regardless of the fact of the concentration,
according to the method. As a result, the amount of data
becomes not constant relative to the capacity of a recording
medium, requiring some kind of manipulation such as sup-
p;ession of the data which causes degradation of the image

quality in reproducing the data.
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_ EBs"'and 6 are used for the |um nance signal (Y)
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SUMMARY OF THE INVENTION

An object of this invention is to provide a variable
length coding method capable of averaging the information
content in each block after coding even if the information
content of the samples in the block is varied.

Another object of this invention is to provide a vari-
able lengtﬁ coding method capable of preventing degradation
of the data in recor&ing and reproducing the same.

A further object of this invention is to provide a
variable length coding method, whereby the data related to
assigning method of coding bits is added to the coded digital
signal, thereby preventing deterioration of the error
correction capability or increase of tﬁe transmission bit-~
rate.

According to a variable length coding method of this
invention, a different number of coding bits is assigned in
accordance with the information content a sample holds when
an analog signal such as a television signal, etc. is coded
to a digital signal. The assigning method of coding bits is
made different for the kind of the analog signal, for exam-
ple, between a luminance sighal and a chrominance signal.
Moreover, a plurality of assigning methods of coding bits
are determined, so that an optimum assigning method is se-

lected corresponding to the contents of the original signal.
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The data related to the plurality of assigning methods of
coding bits is added to the coded digital signal for re-
cording onto a recording medium.

The above and further objects and features of the in-
vention will more fully be apparent from the following de-

tailed description with accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagram showing the pattern of a track of a
tape for a DVCR;

Fig. 2 is a diagram showing the scanning pattern of a
signal;

Fig. 3 is a list of Huffman codewords;:

Fig. 4(a) and 4(b) are diagrams showing the structure
of a macro-block and a field, respectively;

Fig. 5, 6, 7 and 8 are bit maps of the numbers of
coding bits;

Fig. 9 is a block diagram showing the structure at the
recording side of a DVCR to which is applied a variable
length coding method of this invention;

Fig. 10 is a block diagram showing the structure of a
coding circuit of Fig. 9;

Fig. 11 is a table showing the calculating result of
transmission bit-rates when a different bit map is used for

a luminance signal from that for a chrominance signal:
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Fig. 12 is a table showing the calculating result of
transmission bit-rates when the same bit map is used for a
luminance signal as that for a chrominance signal;

Fig. 13 is a table of the numbers of coding bits to be
assigned;

Fig. 14 is a block diagram showing the other structure
of the coding circuit of Fig. 9;

Fig. 15 is a table of the calculating result of trans-
mission bit-rates when the numbers of coding bits of Fig. 13
are assigned;

Fig. 16 is a diagram showing an example of the struc-
ture within one track of a tape; and

Fig. 17(a), 17(b) and 17(c) are diagrams showing the

structure of an error correction code.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

A variable length coding method according to one pre-
ferred embodiment of this invention will be discussed in
detail hereinbelow with reference to the accompanying draw-
ings.

It is to be noted here that the following description
of the embodiment is directed to the case where a television
signal in NTSC system is converted to a digital signal and
recorded on a tape of a DVCR.

The structure of a macro-block (MB) which is a coding

This Shegy Has Beeyy
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unit according to the present embodiment is illustrated in
Fig. 4(a). Each sub-block of a luminance signal (Y) and
chrominance signals (R-~Y) and (B-Y) consists of 8 samples X
8 lines. There are two sub-blocks of Y and each one block
of R-Y and B-Y in one MB. As indicatgd in Fig. 4(a), the
sub-block of R-Y or B-Y is physically equal in size to two
sub-blocks of Y. Fig. 4(b) indicates the structure of a
field of a video signal which field consists of 720 samples
X 241 lines, i.e., 1350MB according to the present embodi-
ment.,

In coding, a digital signal is converted by the known
DCT (Discrete Cosine Transform) method. Supposing that the
inputted image signal in each block is expressed by x(i,j)
(i,j=0, 1, <+, 7), DCT on 8 picture elements in horizontal
direction is performed to the image signal based on the

equations as below;

7
1
£(0,3) = T 2 x(i,§)
22354
. 1 1 .. {(2i + 1)mxm
f(m,j) = 2 igb x(i,J) cos 16
{m=1, 2, ..., 7)) (j=0, 1, ..., T)

Thereafter, DCT on 8 picture elements in vertical direction
is conducted to the transformed image signal f(0,Jj) and
f(m,j) as indicated below, whereby the image signal is ex-

pfessed by coefficients F{m,n) (m, n=0, 1, ..., 7);

i
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;ixfd. The structure of the coding circuit 9 for
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F(m,0) = = Z f(m,J)
2\z ;2
7 2j+1)r
F(m,n) = % 2 f{m,j) cos i_ii_lgz_
Jj=0
{n =1, 2, ..., T) (m =0, 1, ..., 7)

The obtained coefficients are coded, when each sub-
block is scanned by the function § called as zigzag scan-
ning, similar to that shown in Fig. 2: In Fig. 2, the left-
upper coefficient is called the DC one, and the other coef-
ficients are called the AC ones. The DC coefficient is
coded with 8 bits, while AC coefficients are coded through
run-length coding, wherein R is a number.with consecutive
coefficients of zero value and S is an absolute value of the
coefficient not being zero, and Huffman codeword is assigned
to each coefficient corresponding to these R and 8. When
scanning by the function S, for examp}e, if a coefficient A
of 1 value follows two consecutive coefficients having zero
values, the coefficient A has the data R=2 and S=1.

In the present embodiment, an assigning method of
coding bits in the sub-block of the luminance signal (Y) is
made different from that in the sub-blocks of the chromi-~
nance signals (R-Y) and (B-Y).

Fig. 5 shows a bit map for use in the assigning method
of coding bits of the luminance signal. Since the DCT is

carried out with 8 bits or 9 bits depending on the kind of
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the image, the number of bits is more or less varied. Table
Y in Fig. 5 is shown in Fig. 6. It is found out from the
map of Fig. 6 that the aforementioned coefficient A which
has the data R=2 and S=1 is assigned with 6 as the number of
coding bits. Similarly, Fig. 7 shows a bit map for use in
the assigning method of coding bits of the chrominance sig-
nals and Table C in Fig. 7 is shown in Fig. 8.

The structure at the recording side of a DVCR for em-
bodying this invention is illustrated in Fig. 9, wherein
numerals 1 and 2 represent a tape and a rotary drum, respec-
tively. An analog video signal inputted from an input ter-
minal 5 is converted to a digital signal at an A/D converter
7 through a low-pass filter 6. An output from the A/D con-
verter 7 is processed by DCT treatment in a compressing cir-
cuit 8 and then subjected to a variable length coding and a
correction coding and the like in a coding circuit 9. After
the coded signal is modulated in a modulating circuit 10, it
is recorded on the tape 1 by recording heads 3A, 3B, 4A and
4B.

Fig. 10 is a block diagram showing the inner structure
of the coding circuit 9. The video signal after the DCT
is scanned by the function 8 in a scanning circuit 11. R
and S of each coefficient are determined in a run-length
détecting circuit 12 and a level detecting circuit 13. Each

coefficient is inputted to a first memory 14 by using each

e _—
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binary code in combination of R and S as an address. Codes
corresponding to respective addresses are written in the.
first memory 14 beforehand.

In response to the binary code, a code is outputted
from the first memory 14. Since the largest number of bits
of the code outputted at this occasion is 21 (or 22), the
obtained values of R and S are inputted to a detecting cir-
cuit 15 for number of bits so as to determine the effective
number of bits. After the effective number of bits is de-
termined in the circuit 15, the code is written into a
second memory 16, corrected in an error correction coding
circuit 17 and inputted to the modulating circuit 10.

Hereinbelow, it will be compared how much the amount of
data is reduced between the case where all the signals are
coded according to only one coding method as in the prior
art and the case where the signals are coded by changing the
coding method corresponding to the tendency of the signals
as in the present embodiment. Coding is performed for
standard image signals and the transmission bit-rate is
calculated. It is to be noted ;ere that an image used here
is three kinds of standard static images, namely, @weather
forecast, @ mountain village in Switzerland and@ tulip
garden, based on the ITE chart of Television Institution.

In the first place, the calculafing result is compared

between the following two cases:
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time, the dtff nory is controlled by an addres- sing circuit

20. Si gdalls |n nory 14 are sequen- tially read out fromthe
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A: The bit maps of Figs. 5 and 6 are used for the
luminance signal (Y) and the bit maps of Figs. 7 and 8 are
used for the chrominance signals (R-Y) and (B-Y);

B: The bit maps of Figs. 7 and 8 are used for both the
luminance signal and the chrominance signals.

The calculating result in each of the above cases A and
B is tabulated in Figs. 11 and 12, respectively.

As is clear from the comparison between Figs. 11 and
12, the transmission bit-rate of the luminance signal is
reduced more in any case of A than B. Accordingly, it is
more effective to reduce the transmission bit-rate to change
the bit maps between the luminance signal and chrominance
signals in accordance with the tendency of the signals,
rather than to apply only one kind of the bit map to all the
signals as in the conventional method.

This method may be further developed to form a bit map
fit for every different field or every different image.

That is, combinations P(R,S) of R and S are formed, and the
existing probability of the coefficient for each P(R,S) to
the total number of coefficients in one image field is ob-
tained, thereby assigning coding bits from a smaller one in
the order of the probability from a larger one.

Fig. 13 shows the coding bits assigned according to the
above-described developed method.

The structure of the coding circuit 9 for practicing



f f Fig. 11, that is, the coding nethod of this
Iroved as conpared with the conventional nethod.
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the developed method is indicated in Fig. 14. When the run
length (R) and the value of the coefficient (8) are deter-
mined in the similar manner as in Fig. 10, the value of the
coefficient - is counted one to the corresponding P(R,S) by a
counter 18. At the same time, the coefficient is once
stored in the first memory 14. After the coefficients of
one field are completely counted, the existing probability
of the coefficient is obtained by an order detecting circuit
19, and a ranking number form the first to 60th is assigned
to each P(R,S) in the order from the one having the coef-
ficient of a larger probability. Then; the number of coding
bits is given by the detecting circuit 15 and at the same
time, the address of the memory is controlled by an addres-
sing circuit 20. Signals in the first memory 14 are sequen-
tially read out from the first of the ranking number to be
written in the second memory 16. The subsequent process
goes the same as in Fig. 10.

The calculating result by this method is tabulated in
Fig. 15, which makes it clear that the transmission bit-rate
is much more reduced than in the case A of Fig. 11, that is,
the coding method of this invention is remarkébly improved
as compared with the conventional method.

Now, it will be explained how to record the signal
aésigned with the number of c¢oding bits in accordance with

the above bit map on the tape 1.
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As shown in Figs. 5 and 6 (or Figs. 7 and 8}, there are
60 combinations of R and S in total in the bit map wherein
3-14 bits are assigned. By the other combinations of R and
S, either 18 bits or 21 (22) bits are assigned, i.e, the number
of coding bits assigned is virtually constant. Therefore,
the following description is made on the assumption to
record the data related to the 60 combinations (R,S) on the
tape 1.

The combinations (R,S) are ranked in the order of the
number of coding bits from a smaller one. Taking the case
of Figs. 5 and 6 by way of example, the first rank is (0,1),
the second rank (0,2), the third rank (1,1), .... The rank
of the combination and a binary code corresponding to the
subject combination (R,S) are written in . the first memory 14
as an address. In the meantime, the combination (R,S) is
expressed by a ten-bit code, each of R and S by five bits.
For example, the combination (0,1) is defined by
"0000000001". This code has 10 X 60 = 600 (bits)=75
(bytes) for one field, and accordingly approximately 150
bytes for one field including those of the chrominance
signals.

As compared with the recording format shown in Fig. 1,
since the linear recording density is about 70kbpi, the
amount of data recordable in one track is about 21500 bytes.

An example of the inner structure of the track is shown in
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Fig. 16. Supposing that 4-5% or so of the video signals are
assigned to a subcode area, the amount of data recordable

in one subcode area is 336 bytes, which is enough to record
the data related to the combination (R,S). Since the inner
structure of the track is not restricted to that of Fig. 186,
for example, the data related to the combination (R,S) may
be recorded in a portion of ID sigﬁals in a different struc-
ture.

Furthermore, the data corresponding to the bit map may
be superimposed with an error correction code for being
recorded on the tape 1. The superimposion of codes is dis-
closed, e.g., in "New Classes of Binary Codes Constructed on
the Basis of Concatenated Cocdes and Product Codes" (M.
Kasahara, et al., IEEE Transactions on Information Theory,
Vol. IT-22, No. 4, July 1976) or the like.

By way of example, if the recording bit-rate of the
image after it is compressed is about 25Mbps and one field
is constr;cted of two tracks, the amount of data per one
track is about 27,000 bytes. Fig. 17(a) shows an example of
the structure of codes in the track, wherein one track is
divided into two blocks, each block constituted of a product
code of (241,225,17) RS code (Cl code} and (64,60,5) RS code
(C2 code). On the other hand, Figs. 17(b) and 17(c) show
the structure of codes, wherein besides the structure of

Fig. 17(a), (64,48,17) RS code is constructed of four code-
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words and superimposed with a check code portion of the Cl
code. Cl code and C3 code are called also as an LDC (Lohg
Distance Code) and employed in an optical disc apparatus,
etc., realizing an error correction LSI.

The transmission of data is carried out in a direction
of the Cl code. The efficiency can be strengthened to a
burst error if two blocks in one track are interleaved. The
presence or absence of the superimposeq C3 code is deter-
mined by an ID number. Without the superimposed C3 code, 8
error corrections are conducted by the Cl code. If the C3
code is superimposed, the superimposed portion is regarded
as an erasure, so that four erasures and six error correc-
tions are carried out by the Cl code. The error in the
position of the erasure has the pattern (C3 code data+true
error), so that the C3 code can be separated. In the case
where correction is impossible in decoding the Cl code, a
flag is erected for the cocdeword, with the erasure correc-
tion performed by the C2 and C3 codes. Only the Cl code is
used for correction during the high sped search or the 1%ke.

Supposing that the data related to the 60 combinations
(R,S) is superimposed for recording, when the combination
(R;S) is expressed by a code of 10 bits, as described ear-
lier, the code is 75 bytes for one field, resulting in about
150 bytes per one field including those of the chrominance

signals. In contrast, since the area of the superimposing

of
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MC@IE@\%@ tlion (R'S) is expressed by a ten-bit code, each

of Rand S by f v, i.ts. Fagr iexanple, the conbination (0,1) is defined by
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" 000000000
and accordijndly.appr oxi mat ¢

6J8%as 10 x 60 = 600 (bits)=75 (bytes) for one field,
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code is 48 X 4 = 192 bytes as shown in Fig. 17(b), the
binary code of (R,S) of one field can be sufficiently
recorded.

Although the superimposing code is so consfructed as
shown in Fig. 17 in the present embodiment, the structure
thereof is not limited, but be formed in any arbitrary
fashion.

The bit map is changed between the luminance signal and
color signals, and an optimum bit map is selected for every
unit of a field in the foregoing embodiment. However, the
bit map may be changed in the other manners.

Furthermore, the sub-block and macro-block of the signal
may be formed in a different structure from that shown in
Fig. 4(a). Also the structure of one field may be changed
from that of Fig. 4(b).

According to the foregoing embodiment, the variable
length coding system is applied to the case where a televi-
sion signal is recorded on the DVCR. The same effect can be
achieved even if the system is applied to the other signals
or apparatuses.

As this invention may be embodied in several forms
without departing from the spirit of essential characteris-
tics thereof, the present embodiment is therefore illustra-
tive and not restrictive, since the scope of the invention

is defined by the appended claims rather than by the de-
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scription preceding them, and all changes that fall within

the metes and bounds of the claims, or equivalence of such

metes and bounds thereof are therefore intended to be em-

braced by the claims.
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What is claimed is:

1. A variable length coding method for coding an ana-
log signal containing a first analog signal and a second
analog signal whose frequency components are different each
other to a digital signal, comprising:

| a first step of obtaining a first block having a pre-
determined number of sample signals by sampling said first
analog signal at a fist sampling frequency;

a second step of obtaining a second block having a pre-~
determined number of sample signals by sampling said second
analog signal at a second sampling frequency;

a third step of coding said first block with a'first
assigning method of coding bits; and

a fourth step of coding said second block with a second
assigning method of coding bits different from said first

assigning method.

2. A variable length coding method as set. forth in
Claim 1, wherein said first analog signal is a video lumi-
nance signal and said second analog signal is a video chro-

minance signal.

3. A variable length coding method as set forth in

Claim 1, wherein said third step includes,
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a step of executing DCT for said first block and ob-
taining coefficients;

a step of scanning said coefficients in a predetermined
ofder and obtaining R indicating a number of consecutive
coefficients with zero and S indicating an absolute value of
each coefficient; and

a step of coding each coefficienﬁ on the basis of the
combination of said R and S with said first assigning method

of coding bits.

4, A variable length coding method as set forth in
Claim 1, wherein said fourth step includes,

a step 6f executing DCT for said second block and ob-
taining coefficients;

a step of scanning said coefficients in a predetermined
order and obtaining R indicating a number of consecutive
coefficients with zero and $§ indicating an absolute value of
each coefficient; and

a step of coding each coefficient on the basis of the
combination of said R and S with said second assigning me-

thod of coding bits.

5. A variable length coding method for coding a tele-
vision signal containing a luminance signal and two kinds of

chrominance signal to a digital signal, comprising:

LT



: 4%
Furt hernore he data correSp nding to the bit map may be~ supa%maesed_uih
an error cofr ei ng recorded on the tape 1.

superi mposi pn of “codes closed, e.g., in "New O ass E!’ ’ﬂwﬂm m,
Codes Constfucte oﬁ"t‘he-ﬁasm of Concat enated Codes and Pr &

Kasahara, o4 _I EEE Trans ictions on RBhformati on Theory,

f]
e e £}
vy

a first step of obtaining a first sub;block having a
predetermined number of sample signals by sampling said
luminance signal at a predetermined sampling frequency;

a second step of obtaining two second sub-blocks each
of which has said predetermined number of sample signals by
sampling said two kinds of chrominance signal at half of
said predetermined sampling frequency;

a third step of composing a macro-block by combining
said first sub-block and two second sub-blocks;

a fourth step of composing one field by combining a
plurality of macro-blocks;

a fifth step of coding said first sub-block with a
first assigning method of coding bits; and

a sixth step of coding said second sub-blocks with a
second assigning method of coding bits different from said

first assigning method.

6. A variable length coding method as set forth in
Claim 5, wherein said first sub-block and said second sub-
blocks have sample signals of 8 samples per 1 line X 8

lines.

7. A variable length coding method as set forth in
Claim 5, wherein said fifth step includes,

a step of executing DCT for said first sub-block and

This Sheet Has Been Reﬂ
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obtaining coefficients;

a step of scanning said coefficients in a predeter-
mined order and obtaining R indicating a number of consecu-
tive coefficients with zero and $ indicating an absolute
value of each coefficient; and

a step of coding each coefficient on the basis of the
combination of said R and S with said first assigning method

of coding bits.

8. A variable length coding method as set forth in
Claim 5, wherein said sixth step includes,

a step of executing DCT for said second sub-blocks and
obtaining coefficients;

a sfep of scanning said coefficients in a predetermined
order and obtaining R indicating a number of consecutive
coefficients with zero and S indicating an absolute value of
each coefficient; and

a step of coding each coefficient on the basis of the
combination of said R and S with said second assigning meth-

od of coding bits.

9. A variable length coding method for coding an ana-
log signal to a digital signal, comprising:
a step of determining a plurality of coding methods

whose numbers of coding bits are different one another;
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a step of selecting one coding method from said plura-
lity of coding methods on the basis of the content of said
analog signal; and

a step of coding said analog signal to said digital

signal with the selected coding method.

10.- A variable length coding method for coding an ana-
log signal to a digital signal, comprising:

a step of obtaining a block having a predetermined
number of sample signals by sampling said analog signal at a
predetermined sampling frequency;

a step of executing DCT for said block and obtaining
.coefficients;

a step of scanning said coefficients in a predetermined
order and obtaining R indicating a number of consecutive
coefficients with zero and S indicating an absolute value of
each coefficient;

a step of computing the existing probability of the
combination of said R and S;

a stép of determining the number of coding bits to be
assigned in each combination of said R and S on the basis of
the existing probability; and

a step of coding each coefficient according to the

determined number of coding bits.
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11. A variable length coding method as set forth in
Claim 10, wherein the larger said existing probability is,

the smaller said number of coding bits to be assigned is.

12. A variable length coding method as set forth in
Claim 10, wherein said analog signal is a luminance signal

contained in a television signal.

13. A variable length coding method as set forth in
Claim 10, wherein said analog signal is a chrominance signal

contained in a television signal.

14, A variable length coding method for coding a tele-
vision signal containing a luminance signal and two kinds of
chrominance signal to a digital signal, comprising:

a step of obtaining a digital signal in every one field
by sampling said television signal per one field at a pre-
determined sampling frequency;

a step of dividing said digital signal in every one
field into a plurality of blocks:

a step of coding the digital signal equivalent for
said luminance signal with a first assigning method of
coding bits; and

a step of coding the digital signal equivélent for said

chrominance signal with a second assigning method of coding
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bits different from said first assigning method.

15. A variable length coding and recording method for
coding an analog signal to a digital signal in variable
length and recording the coded digital signel on a recording
medium, comprising:

a step of determining a plurality of coding methods
whose numbers of coding bits are different one another;

a step of selecting one coding method from said plu-
rality of coding methods on the basis of the content of said
analog signal;

a step of coding said analog signal to said digital
signal with the selected coding method; and

a step of recording data related to said plurality of
coding methods on said recording medium in addition to the

coded digital signal.

16. A variable length coding and recording method as
set forth in Claim 15, wherein an error correction code for

correcting an error of coding is recorded on said recording

medium.

17. A variable length coding and recording method as
set forth in Claim 16, wherein said data related to said

Plurality of coding methods is superimposed with said error
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correction code on said recording medium.

18. A variable length coding and recording method for
coding an analog signal containing a first analog signal and
a second analog signal whose frequency components are dif-
ferent each other to a digital signal in variable length and
recording the coded digital signal on a recording medium,
comprising:

a step of obtaining a first block having a predeter-
mined number of sample signals by sampling said first analog
signal at a first sampling frequency;

a step of obtaining a second block having a predeter-
mined number of sample signals.by sampling said second
analog signal at a second sampling frequency;

a step of coding said first block with a first assign-
ing method of coding bits;

a step of coding said second block with a second as-
signing method of coding bits different from said first as-
signing method; and

a step of recording data related to said first and

second assigning method on said recording medium.

19. A variable length coding and recording method for
coding a television signal containing a luminance signal and

two kinds of chrominance signal to a digital signal in vari-
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able length and recording the coded digitai signal on a tape
for a digital video cassette recorder, comprising:

a step of obtaining a first sub-block having a pre-
determined number of sample signals by sampling said lumi-
nance signal at a predetermined sampling frequency;

a step of obtaining two second sub-blocks each of which
has said predetermined number of sample signals by sampling
said two kinds of chrominance signal at half of said pre-
determined sampling frequency;

a step of coding said first sub-block with a first
assigning method of coding bits;

a step of coding said second sub-blocks with a second
assigning method of coding bits different from said first
-assigning method; and

a step of recording data related to said first and

second assigning method on said tape.

20. A variable length coding and recording method for
coding a television signal containing a luminance signal and
two kinds of chrominance signal to a digital siénal in vari-
able length and recording the coded digital signal on a tape
for a digital video cassette recorder, comprising:

a step of obtaining blocks having a predetermined
number of sample éignals by sampling said luminance signal

and chrominance signal respectively at a predetermined sam-
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pling frequency;

a step of executing DCT for said each block and ob-
taining coefficients;

a step of scanning said coefficients in a predetermined
order and obtaining R indicating a number of consecutive
coefficients with zero and S indicating an absolute value of
each coefficient;

a step of computing the existing probability of the
combination of said R and §;

a step of forming a bit map indicating the number of
coding bits to be assigned in each combination of said R and
S on the basis of the existing probability;

a step of coding each coefficient according to said
bit map; and

a step of recording on said tape data related to said
bit map in addition to data obtained by coding each coef-

ficient.
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ABSTRACT OF THE DISCLOSURE

A variable length coding method designed to assign a
different number of coding bits in accordance with the
information content a sample holds when an analog signal
such as a television signal or the like is converted to a
digital signal. An assigning method of coding bits used to
a luminance signal is different from that used to a chro-
minance signal. A variable length ceding method is further
capable of selecting an optimum assigning method in accord-
ance with contents of an original signal from a plufality of
determined assigning methods of coding bits. The data re-
lated to the plurality of assigning methods of coding bits

is recorded on a medium after it is added to a coded digital

signal.
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Prior Art

VALUE  AMPLITUDE CODE  ADDRESS CODE
0 T .
] 00 00
2 011 11
3 01010 101
4 010011 0100
5 0100100 1000
6 0101101 01011
7 0101111 1111
8 01011000 01101
9 01011001 10011
10 0101110000 01100
11 0101110001 010101
12 0101110010 g11100
13 0101110011 100100
14 0101110100 0111010
15 0101110101 01010000
16 01001010000 01010001
17 01001010001 01010010
18 01001010010 011101100
19 01001010011 011101101
20 01001010100 01010011
21 01001010101 011101110
22 01001010110 0111011110
23 01001010111 0111011111
24 01001011000 1001010000
25 01001011001 100101000
26 01601011010 1001010010
27 01001011011 1001010011
28 01001011100 1001010100
29 01001011101 1001010101
30 01001011110 1001010110
31 01001011111 1001010111
32 (E0B)01000 100101145 bit
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g. 12
zoczq N VILLAGE

(@ WEATHER FORECAST(@™ 7N " swiTzERLAND | @ TULIP GARDEN

WEIGHT ING 1.0 0.5 1.0 0.5 1.0 0.5
BIT-RATE | 28. 47 19. 07 39, 75 28. 88 39. 50 28. 917
(Y) Mbps Mbops Mbps Mbps Mbps Mbops
BIT-RATE 9. 31 5. 78 9, 82 6. 32 10. 90 7. 06
(R-Y) Mbps Mbps Mbps Mbps Mbops Mbps
BIT-RATE 9. 36 6. 31 11. 561 7. 74 12.16 8. 03
(B-Y) Mbps Mbps Mbps Mbps Mbops Mbops
TOTAL 47.13 31.16 61. 08 42. 94 62. 56 44, 06
BIT-RATE Mbps Mbps Mbps Mbps Mbops Mbops
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(d) (2)

zero coefficients and a value S

obt ai ning coefficients;
15

a predeterm ned order and obtaining a val ue,

k and

;

%Sy

E 8.

g. 1b
(D WEATHER FORECAST @ TULIP GARDEN
WEIGHTING] 1.0 0.5 1.0 0.5
BIT-RATE | 26. 20 17. 45 35. 94 27. 58
(Y) Mbps Mbps Mbps Mbps
BIT-RATE 8. 90 5. 69 10. 89 7. 02
(R-Y) Mbps Mbps Mbps Mbps
BIT-RATE 8. 83 6.13 12. 15 7. 98
{B-Y) Mbops Mbps Mbps Mbps
TOTAL 43, 92 29. 21 58, 98 42,517
BIT—RATE Mbops Mbps Mbps Mbps
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VARIABLE LENGTH CODING METHOD
USING DIFFERENT BIT ASSIGNING
SCHEMES FOR LUMINANCE AND
CHROMINANCE SIGNALS

This application is a continuation, of application Ser. No.
07/665,581 filed on Mar. 5, 1991, now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a variable length coding method
intended to assign a different number of coding bits in
accordance with the information content of a sample in
converting an analog signal such as a television signal, etc.
to a digtal signal.

2. Description of Related Art

Most of the recent domestic digital video cassette record-
ers (referred to as a2 DVCR hereinafter) which are under
development use a tape of 8 mm width. FIG. 1 illustrates a
recording format of the DVCR conceivable from the present
magnetic recording technique. Assuming that the length of
a video track 21 of a rape 1 is approximately 62.4 mm, the
width thereof is 6 um and the surface recording density is 2.2
um?/bit, for example, in the case of recording using four
recording heads while the drum is rotated at 3600 rpm, the
recording bit-rate is approximately 41.27 Mbps. On the
other hand, if a digital video signal is a signal of 4:2:2
component in compliance with CCIR, the recording bit-rate
is about 216 Mbps. Therefore, it is considerably difficult to
record the signal in real time on the tape of 8 mm width as
it is inputted, and it becomes necessary to compr\.ss the
mputted signal.

8hs1740 4 TRO3

'firection by sanpling said | um nance signa
juency; (b) obtaining two second sub bIocks each
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Meanwhile, a variable length coding method is consid-
ered as one method for compressing a signal. According to
this coding method, when the analog signal is converted to
a digital signal, a large number of coding bits are assigned
to a sample having a large volume of information content,
whereas a small number .of coding bits is assigned to a
sample having a small volume of information content. That
is, a different number of coding bits is assigned correspond-
ing to the roll,me of the information content. For example,
an argument “ON ADAPTIVE DCT CODING TECH-
NIQUES FOR DIGITAL VIDEO RECORDING”
(PHN.DE WITH and S.M.C. BORGERS, Philips) is
revealed on IERE Proc. 7th Int. Conference on VIDEO,
AUDIO and DATA RECORDING (Mar. 1988). An example
of the variable length coding method is discussed therein,
which reads as follows:

Each block of samples of size 8x8, for example, are
considered, and correspondingly, the coeffcients remaining
after cosine transformation are denoted as F(u,v), where
0=u, vE7, The absolute address R of a coefficient is defined
as the ranking number determined by the scanning function
S of the coefficients (FIG. 2), thus R=S(u,v), 25 where
0=R=63. The coefficients are scanned before the coding
starts and | coefficients (with R>0) to be of non-zero
amplitude are assumed. Correspondingly, a coefficient is
uniquely determined by its amplitude F and its address R
(ranking number after scanning).

Step 1 (full sort): Select coefficients with R>0 and order
them in an amplitude stack. For the k-th selected coefficient
F, the following holds:

FRNZIF (R - .
IF(RISO(LSkSD

The corresponding addresses R, are stored in an a stack. [f
IF(R)I=IF (R )land R;<R,, then j<k.

Step 2 ( construct-difference signal ): Calculate the ampli-
tude differences D, (R,) defined by:

DRY=F (R IHF (RN, 23k S!

D (R )=IF, (RN, k=t

g said two kinds of chrom nance signa
g frequency; (c) conposing a nmacro-bl ock by

at half of



(d) ‘codin 's-mf%tfffirrﬂst--~~§.ﬁidr3’;)i ocks using a first bit map table; and (f)
‘codi ng sa dise ﬁ&%i b- blocks using a second bit map table, different from
said firsf pith thereln a greater nunber of bits are assigned to

sai d secopdbsub-bl ock as Ja [result

Qe
g,

|

This difference signal D, is a non-negative sequence for
each block. The original amplitude signs sign(F,) are
encoded separately. Thers are no changes in the address
stack during this step.

Step 3 (address calculation): Recalculate from each
address R, an address T, according to:

T, =R ~N(1.R,), D220
TI=RH—Rk~l“Vk(RE- 1 ,Rk). Dk—-o

where N (R,, R,) refers to the number of (previously
encoded) coefficients Fj, I<j<k—l having R, SR<R,. The
stack with amplitude differences is not changed during this
step.

Step 4 (bit mapping): Coding of the sequence D, and the
corresponding addresses T, for 1 Sk=1 is performed here
with two variable-length code tables, viz. VLC ,4(D,) and
VLCT,). Furthermore, the DC coefficient F(0) is always
transmitted as well as the sign of each selected coefficient F,.
An example of a list of Huffman codewords for amplitudes
and addresses is given in FIG. 3.

The DC coefficient F(0) is coded with some codeword C.
The coding terminates with an EOB (End of Block) code-
word since the number of coded coefficients may vary from
block to block. In addition, the efficiency can be improved
slightly by coding only the first coefficient with IF /=1 and
skipping all the codewords from VLC, related to equal-
valued coefficients.

Since the conventional variable length coding method is
performed as explained hereinabove, even if samples hold-
ing much information content or less information content in
one block, the signals are successively coded one by one,
regardless of the fact of the concentration, accordmg to the
method. As a result, the amount of data is not constant
relative to the capacity of a recording medium, requiring
some kind of manipulation such as suppressxon of the data
which causes degradation of the image quality in reproduc-
ing the data.
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SUMMARY OF THE INVENTION

An object of this invention is to provide a van'gble length
coding method capable of averaging the inforrr_lanon content
in each block after coding even if the informauon content of
the samples in the block is varied.

Another object of this invention is to provide a va.riable‘
length coding method capable of preventing degradation of
the data in recording and reproducing the same.

A further object of this invention is to provide a vgriaple
length coding method, whereby the data related to assigning
method of coding bits is added to the coded digital Sng}al,
thereby preventing deterioration of the error correction
capability or increase of the transmission bit-rate.

According to a variable length coding method of th.is
invention, a different number of coding bits is assigned in
accordance with the information content a sample holds

is recorded on the tape 1 by recording heads 3A, 3B, 4A and
48.

FIG. 10 is a block diagram showing the inner structure of
the coding circuit 9. The video signal after the DCT is
scanned by the function S in a scanning circuit 11. R and S
of each coefficient are determined in a run-length detecting
circuit 12 and a level detecting circuit 13. Each coefficient is
inputted to a first memory 14 by using each binary code in
combination of R and S as an address. Codes corresponding
to respective addresses are written in the first memory 14
beforehand.

In response to the binary code, a code is outputied from
the first memory 14. Since the largest number of bits of the
code outputted at this occasion is 21 (or 22), the obtained
values of R and S are inputted to a detecting circuit 13 for
number of bits so as to determine the effective aumber of
bits. After the effective number of bits is determined in the
circuit 13, the code is written into a second memary 186,
corrected in an error correction coding circuit 17 and input-
ted to the modulating circuit 10.
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"



e a discrete cosine transfer (DCT) for said first sub-block
aﬁa’ obtal ni ng 00 ,ffICI ents; (e)(2) scanning said coefficients in a

{)edﬁswﬁm@ {e(ﬂgr and obt ai ni ng a value, Rindicating a nunber of
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Hereinbelow, it will be compared how much the amount

——— of data is reduced between the case where all the signals are
coded according to only one cading method as in the prior
art and the case where the signals are coded by changing the
coding method corresponding to the tendency of the signals -
as in the present embodiment. Coding is performed for
standard image signals and the transmission bit-rate is
calculated. It is to be noted here that an image used here is

e kinds of standard static images, namely, () weather
forecast, () mountain village in Switzerland and ) wlip
garden, based on the ITE chart of Television Institution.

In the first place, the calculating result is compared
between the following two cases:

A: The bit maps of FIGS. 5§ and 6 are used for the
luminance signal (YY) and the bit maps of FIGS. 7 and 8 are
used for the chrominance signals (R-Y) and (B-Y);

B: The bit maps of FIGS. 7 and 8§ are used for both the
luminance signal and the chrominance signals.

The calculating result in each of the above cases A and B
is tabulated in FIGS. 11 and 12, respectively.

As is clear from thé comparison between FIGS. 11 and 12,
the transmission bit-rate of the luminance signal is reduced
more in ‘any case of A than B. Accordingly, it is more
effective to reduce the transmission bit-rate to change the bit
maps between the luminance signal and chrominance signals
in accordance with the tendency of the signals, rather than
to apply only one kind of the bit map to all the signals as in
the conventional method.

This method may be further developed to form a bit map
fit for every different field or every different image. That is,
combinations P(R,S) of R and S arc formed, and the existing
probability of the coefficient for each P(R,S) to the total
number of coefficients in one image field is obtained,
thereby assigning coding bits from a smaller one in the order
of the probability from a larger one.

FIG. 13 shows the coding bits assigned according to the
above-described developed method.

The structure of the coding circuit 9 for practicing the
developed method is indicated in FIG. 14. When the run
length (R) and the value of the coefficient (S) are determined
in the similar manner as in FIG. 10, the value of the
coefficient is counted one to the corresponding P(R,S) by a
counter 18. At the same time, the coefficient is once stored
in the first memory 14. After the coefficients of one field are

_completely counted, the existing probability of the coeffi-
cient is obtained by an order detecting circuit 19, and a
is Sheet Has Been Replaced ranking number form the first to 60th is assigned to each
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P(R.S) in the ocder from the one having the coefficient of a
larger probability. Then, the number of coding bits is given
by the detecting circuit 15 and at the same time, the address
of the memory is coatrolled by an addressing ciccuit- 20.
Signals in the first memory 14 are sequentially read out from
the first of the ranking number to0 be written in the second
memory 16. The subsequent process goes the same as in
FIG. 10

The calculating result by this method is tabulated in FIG.
15, which makes it clear that the transmission bit-rate is
much more reduced than in the case A of FIG. 11, that is, the
coding method of this invention is remarkably improved as
compared with the conventional method.

Now, it will be explained how to record the signal
assigned with the number of coding bits in accordance with
the above bit map on the tape 1.

As shown in FIGS. 5 and 6 (or FIGS. 7 and 8), there are
60 combinations of R and S in total in the bit map wherein
3-14 bits are assigned. By the other combinations of R and
S, either 18 bits or 21 (22) bits are assigned, i.e, the number
of coding bits assigned is virtually constant. Therefore, the
following description is made on the assumption to record
the data related to the 60 combinations (R,S) on the tape 1.

The combinations (R,S) are ranked in the order of the
number of coding bits from a smaller one. Taking the case
of FIGS. § and 6 by way of example, the first rank is (0,1),
the second rank (0,2) , the third rank (1,1),.... The rank
of the combination and a binary code corresponding to the
subject combination (R,S) are written in the first memory 14
as an address. In the meantime, the combinadon (R,S) is
expressed by a ten-bit code, each of R and S by five bits. For
example, the combination (0,1) is defined by 0000000001
This code has 10x60=600 (bits)=73 (bytes) for one field, and
accordingly approximately 150 bytes for one field including
those of the chrominance signals.

As compared with the recording format shown in FIG. 1,
since the linecar recording density is about 70 kbpi, the
amount of data recordable in one track is about 21500 bytes.
An example of the inner structure of the track is shown in
FIG. 16. Supposing that 4-3% or so of the video signals are
assigned to a subcode area. the amount of data recordable in
one subcode area is 336 bytes, which is enough to record the
data related to the combination (R,S). Since the inner
structure of the-track is not restricted to that of FI1G. 16, For
example, the data related to the combination (R,S) may be
recorded in a portion of [D signals tn a different structure.

Tl
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Furthermore, the data corresponding to the bit map may
be superimposed with an error correction code for being
recorded on the tape 1. The superimposion of codes is
disclosed, e.g., in “New Classes of Binary Codes Con-
structed on the Basis of Concaicnated Codes and Product
Codes” (M. Kasahara, et al., IEEE Transactions on Infor-
mation Theory, Vol. IT-22, No. 4, Jul. 1976) or the like.

By way of example, if the recording bit-rate of the image
after it is compressed is about 25 Mbps and one field is
constructed of two tracks, the amount of data per one track
is about 27,000 bytes. FIG. 17(a) shows an example of the
structure of codes in the track, wherein one track is divided
into two blocks, each block constituted of a product code of
(241,225,17) RS code (C1 code) and (64.,60,5) RS code (C2
code). On the other hand, FIGS. 17(4) and 17(c) show the
structure of codes, wherein besides the structure of FIG.
17(a), (64,48,17) RS code is constructed of four code-words
and superimposed with a check code portion of the C1 code.
C1 code and C3 code are called also as an LDC (Long
Distance Codc) and employed in an optical disc apparatus,
etc., realizing an error corrcction LSL.

9. A variable length coding method for coding an analog

signal to a digital signal, comprising the steps of:

(a) obtaining a block having a predetermined number of
sample signals by sampling said analog signal at a
predetermined sampling frequency; -

(b) performing a discrete cosine transform (DCT) for said
block and obtaining coefficients;

(c) scanning said coefficients in a predetermined order and
obtaining a value R indicating a number of consecutive
zero coefficients and a value S indicating an absolute
value of each coefficient;

(d) computing an existing probability of the combination
of said R and §;

(e) determining a number of coding dits to be assigned (o
each combination of said R and S based on the existing
probability; and

(f) coding each coefficient according to the determined
number of coding bits.

UEt(,and S
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10. The variable length coding method of claim 9,
wherein as said existing probability increases, said number
of coding bits to be assigned decreases.

11. The variable length coding method of claim 9, wherein
said analog signal 1s a luminance signal included in a
television signal.

12. The variable length coding method of claim 9,
wherein said analog signal is chrominance signal included in
a television signal.

13. A variable length coding method for coding a televi-
sion signal, containing a luminance signal having a first
length in a horizontal direction and two kinds of chromi-
nance signal having a second length in the horizontal
direction, larger than the first length, to a digital signal,
comprising the steps of:

(a) obtaining a digital signal in cvery field by sampling
said television signal per field al a predetermincd
sampling frequency;

(b) dividing said digital signal in every field into a
plurality of blocks;

(c) coding a digital signal equivalent for said luminance
signal using a first bit map table; and

(d) coding a digital signal equivalent for said chrominance
signal using a second bit map table, different from said
first bit map table, wherein a greater number of bits are
assigned to said two kinds of chominance signal as a
result of said second length.

14. A variable length coding and recording method for
coding an analog signal containing a first analog signal and
a second analog signal, whose frequency components are
different {rom each other, to a digital signal of variable
length and recording medium, comprising:

(a) obraining a first block having a predetermined number
of sample signals and a first length in a horizontal
direction, by sampling said first analog signal at a first
sampling frequency;

(b) obtaining a second block having the predetermined
number of sample signals and a second length in the
horizontal direction, larger than said first length, by

This Sheet Has Been Replaced
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sampling sad second analog signal at a second sam-
pling frequency;
(c) coding said first block using a first bit map table

(d) coding said second block using a second bit map table,
different from said first bit map table, wherein a greater
number of bits are assigned to said second block as a
result of said second length: and

(e) recording data related to said first bit map table and
said second bit map table on said recording medium.
15. A variable length coding and recording method for
coding a television signal containing a luminance signal
having a first length in a horizontal direction and two kinds
of chrominance signal having a second length in the hori-
zontal direction, larger than the first length, to a digital signal
of variable length and recording the coded digital signal on
a tape for a digital video cassette recorder, comprising:

(a) obtaining a first sub-block having a predetermined
number of sample signals by sampling said luminance
signal at a predetermined sampling frequency;

(b) obtaining two second sub-blocks, each of which has
said predetermined number of sample signals, by sam-
pling said two kinds of chrominance signal at half of
said predetermined sampling frequency; -

(c) coding said first sub-block using a first bit map table;

(d) coding said second sub-blocks using a second bit map
table, different from said first bit map table, wherein a
greater number of bits are assigned to said second
sub-block as a result of said second length; and

(e) recording data related to said first bit map table and
said second bit map table on said tape.
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16. A variable length coding and recording method [oc
coding a television signal, containing a luminance signal and
two kinds of chrominance signal, w0 a digital signal of
variable length and recording the coded digital signal on a
tape for a digital video cassette recorder, comprising:

(a) obuaining blocks having a predetermined number of
sample signals by sampling said luminance signal and
chrominance signal respectively at a predetermined
sampling frequency;

(b) performing a discrete cosine transform (DCT) for said
each block and obtaining coeflicients;

(c) scanning said coefficients in a predetermined order and
obtaining a value R indicating a number of consecutive .
zero coefficients and a value S indicating an absolute
value of each coefficient;

(d) computing an existing probability of the combination
of said R and §;

(e) forming a bit map indicating a2 number of coding bits
to be assigned in each combination of said R and S
based on the existing probability;

(F) coding each coefficient according to said bit map; and

(g) recording on said tape, data related to said bit map in
addition to data obtained by coding each coefficient.

»* * x* x *
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ABSTRACT

A varable length coding method designed to assign a
different number of coding bits in accordance with the
information content a sample hoids when an analog signal
such as a television signal or the like ts converted to a digital
signal. An assigning method of coding bits used to a
luminance signal is different from that used to a chromu-
nance signal. A variable length coding method is further
capable of selecting an optimum assigning method in accor-
dance with contents of an original signal from a plurality of
determined. assigning methods of coding bits. The data
related to the plurality of assigning methods of coding bits
is recorded on a medium after it is added to a coded digital
signal.

FIGURE TWO
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TITLE OF THE INVENTION

VARIABLE LENGTH CODING METHOD

BACKGROUND OF THE INVENTION
Field of the Invention
This invention relates to a variable length coding
method intended to assign a different number of coding bits
in accordance with the information content of a sample in
converting an analog signal such as a television.signal,

etc. to a digital signal.

Description of Related Art
Most of the recent domestic digital video cassette
recorders {referred to as a DVCR hereinafter) which are

under development use a tape of 8 mm width., FfFig. 1

illustrates a recording format of the DVCR conceivable from
the present magnetic recording technique. Assuming that the
length of a video track 21 of a tape 1 is approximately
62.4mm, the width thereof is 6um and the surface recording
density is 2.2yn|%bit, for example, in the case of record-
ing using of four recording heads while the drum is rotated
at 3600rpm, the recording bit-rate is approximately
41.27Mbp§. On the other hand, if a digital video signal is

a signal of 4:2:2 component in compliance with CCIR, the

recording bit-rate is about 216Mbps. Therefore,
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it is considerably diféicult to record the signal jﬂ_real
time on the tape of 8mm width as it is inputted, and it
becomes necessary to compress the inputted signal.

Meanwhile, a variable length coding method is con-
sidered as one method for compressing a signal. According
to this coding method, when the analocg signal is converted
to a digital signal, a large number of coding bitshgﬁg_as—
signed to a sample having a large volume of information
content, whereas a small humber of coding bits is assigned
to a sample having a small volume of information content.
That is, a different number of coding bits is assigned cor-
responding to the volume of the information content. For
example, an argument "ON ADAPTIVE DCT CODING TECHNIQUES FOR
DIGITAL VIDEO RECORDING" (P.H.N.DE WITH and S.M.C. BORGERS,
Philips) is revealed on IERE Proc. Tth Int. Conference on
VIDEO, AUDIO and DATA RECORDING ( Mar. 1888). An example of
the variable length coding method is discussed therein,
which reads as follows: |

Each block of samples of size 8x8, for example, are
considered, and correspondingly,-the coefficients remaining
after cosine transformation are denoted as F(u,v), where
Ogu, v¢7, The gbsolute address R of a coefficient is de-
fined as the ranking number determined by the scanning func-
tion S of the coefficients (Fig. 2), thus R=S(u,v), 25

where OSR{63. The coefficients are scanned before the



‘as a res

i#’idﬁéa&,@ﬂyﬁbnber of bits are assigned to sai B:peeong:Pt 90k

L

RN Y |

| o

J|‘}’ of SATd T 7
19 NOV 1998 I5
J

e v ey

coding starts and g coefficients (with R>0) to be of non-
zero amplitude are assum;d. Correépondingly, a coefficient
is uniquely determined.by.its amplitude F and its address
R (ranking number after scanning).

-Step 1 {full sort): Select coefficients with R>0 and
order them in an amplitude stack. ’For the k-th selected

coefficient Fy). the following holds:

v

|Fi (Ry)|

|Fic (Ryo) |

Fre1(Ree) | s
0 (1¢ked)

v

The corresponding addresses Ry are stored in an a_
stack. If |F;(Rj)|i= |FR(RE)}| and Ry < Ry, then j<k.
Step 2 (construct-difference signal): Calculate the

amplitude differences Dk(Rk) defined by:

Dy (R )
D1(Ry)

PR3 ) | = [FR(RE) [, 2gke 8
IF1(R1) |,

This difference signal Dy is a non-negative sequence for
each block. The.original amplitude signs sign(Fk) are en-
coded separately. There are no changes in the address stack
during this step.

Step 3 (address calculation): Recalculate from each

address Rk an address Tk according to:

Tx = R=Np(1,Ri), Dp>0

Tk = Rg = Rg-y = Npl(Ryogs Ry D =0
where NiL(R;, Ryg) refers to the number of (previously en-

coded) coefficients Fj, 1<j<k-1 having Ri1{R<Ryo. The stack
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with amplitude differences is not changed during this step.
Step 4 (bit mapping): Coding of the sequence Dj. and

the corresponding addresses Ty for ig¢gk¢ B is performed here

with two variable-léngth code tables, viz. VLC p(Dy) and

VLCp(Ty). Furthermore, the DC coefficient F(0) is always

transmitted as well as the sign of each selected coefficient
_EE; An example of a 1ist of Huffman codewords for amplitudes
and addresses is given in Fig. 3.
The DC coefficient F{0) is coded with some codeword C.
The coding terminates with an EOB (End of Block) codeword
since the number of coded coefficients may vary from block
to block. In addition, the efficiency can be improved
slightly by coding only the first coefficient with IFkl =1
. and skipping all the codewords froﬁ VLCp related to equal-
valued coefficients.
Since the conQentional variable length coding method is
perﬁwmedas explained hereinabove, even if samples holding

much information content or less information content in

one block, the signals are successively coded one by one,
regardless of the fact of the concentration, according to
the method. As a result, the amount of data is not constant
relative to the capacity of a recording medium, requiring
some kind of manipulation such as suppression of the data

which causes degradation df the image quality in reproducing

the data.



on a tape for a digital video cassette
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Fig. 12 is a table showing the calculating result of
transmission bit-rates when the same bit map is used for a
luminance signal as that for a chrominance signal;

Fig. 13 is a table of the numbers of coding bits to be
assigned; ‘

Fig. 14 is a block diagram showing another structure

of the coding circuit of Fig. 9;

Fig. 15 is a table of the_calculﬁting result of trans-
mission bit-rates when the numbers of coding bits of Fig. 13
are assigned;

Fig. 16 is a diagram showing an example of the struc-
ture within one track of a tape; and

Fig. 17(a), 17(b) and 17(c) are diagrams showing the

structure of an error correction code.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

A variable length coding method according to one pre-
ferred embodiment of this invention will be discusﬁed in
detail hereinbelow with feference to tﬁe accompanying draw-
ings.

It is to be noted here that the following description
of the embodiment is directed to the case where a television
signal in NTSC system is converted to a digitai signal and
recorded on a tape of a DVCR.

The structure of a macro-block (MB) which is a coding
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unit according to the present embodiment is illustrated in
Fig. 4(a). Each sub-~block of a luminance signal (Y) and"
chrominance signals (R-Y) and (B~Y) consists of 8 samples X
8 lines. There are two sub-blocks of Y.and each one block
of R-Y and B-Y in oﬂe MB. As indicatgd in Fig. 4(a}, the
sub-block of R-Y or B-Y is physically equal in size to two

sub-blocks of Y. Fig. 4(b) indicates the structure of a

.field of a video signal which field consists of 720 samples

X jfg_lineé, i.e., 1350MB according to the present embodi-
ment.

In coding, a digital signal is converted by the known
DCT (Discrete Cosine Transform) method. Supposing that the
inputted image signal in each block is expressed by x(i,Jj)
(i,j=0; 1, ««, 7), DCT on 8 picture elements in horizontal
direction is performed to the image signal based on the

equations as below;

7
1
f(os.j) = 2J'2' z x(l)J)
-1=0
7 (23 limzx
f(m,j) = é i§0 x{(i,j) cos ;6 -

(m=1, 2, ..., 7)) (j=0, 1, ..., 7)

Thereafter, DCT on 8 picture elements in vertical direction

f(m,j) as indicated below, whereby the image signal is ex-

pfessed by coefficients F(m,n) {m, n=0, 1, ..., 7):



ih ‘i’ ul'i[_-'bi

signal s y sanpllng saj d two klnds of chroninance signal AEPRACEMENT Shical
‘predet ef m netf $8WI998g If rlequency; (c) coding said first sub-block using a
first btt{map table; ( codi ng said second sub- bIocks u5|ng a

I R lllﬂ Ul lll!

What is claimed is:

1. A variable length coding method for coding an analog
signal containing a first analog signal and a second
analog signal, whose frequency components are

different, to a digital signal, comprising the steps
" of::

(a) obtalnlng a first block having a

predetermined number of sample 31gnals and a first

length in a horlzontal dlrectlon by sampling said

first analog signal at a first samprlng frequency;

(b) obtaining a second block having the

predetermlned number of sample signals and a

second length 1n the_horlzontal direction, larger

than said first length, by sampling said second

analog s1gnal at a second sampllng frequency,

(¢) coding sald flrst block u81ng a first blt

map table, and

(d) coding said second block using a second

bit map table, dlfferent _from said first bit map

table, whereln _a greater number of bits are

assigned to sa;dmeeggnd block as a result of said

second length.

2. The variable length coding method of claim 1, wherein
said first analog signal is a video luminance signal
and said second analog signal is a video chrominance

signal.

3. The variable length coding method of claim 1, wherein

_said step (c) includes,
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(c)(l) performlng'a discrete cosine transform

(DCT) for said first Dblock and gene{ggigg

coefflcients;

(c) (2) scanning said coefficients in a

indicating a number of consecutive Zero

coefficients and a value, S indicating an absolute

value of each coefficient; and

_(c) (3) coding each coefficient based on the

map table.

4. The variable length coding method of claim 1, wherein

said step (dl includes,

(a) (1) perform%ggmg discrete cosine transfer

(DCT) for said second Dblock and obtaining

coefficients;

(d) (2) scanning said coefficients in a

predetermined order and obtaining a value, R

indicating a number of consecutive Zero

coefficients and a value S indicating an absolute

value of each coefficient; and

(d) (3) coding each coefficient based on the

combination said R and S using said second bit map

5. A variable length coding method for coding a television
signal containing a luminance signal and two kinds of
chrominance signal to a digital signal, comprising:

(a) obtaining a first sub-block having a

predetermined number of sample signals and a first
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lumlnance signal at a predeter@rnedmﬂsamglingw

frequency,

(b) obtaining two second sub-blocks each of

whlch has sald. predetermlned number of sample

s1gnals and a__‘_’swecond length in the horizontal

direction, larger thanmﬂsa}d first _lengtbiﬂ by

sampling said two kinds of chrominance signal at

half of said predetermined sampling frequency;

flrst sub- block and two second sub- blocks,

(d) coding said first sub-blocks using a

first bit map table; and

(f) coding sald second sub- blocks us1ng a

_second bit map table, different from said first

bit ‘map table,“whereln a greater number of bits

are assigned to said second sub-block as a result

of said second length.

6. _The variable length coding method of claim 5, wherein

said first sub-block and said second sub-blocks have

sample signals of 8 samples per 1 line x 8 lines.

7. The variable length coding method of claim 5, wherein

said step (e) includes,

(e) (1) performing a discrete cosine transfer

(DCT) for said first sub- block and obtalnlng

coefficients;

(e) (2) scanning said coefficients in a

predetermined order and obtaining a wvalue, R

indicating a number of consecutive ZexrYo

-
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coefflclents and a value S 1ndlcat1ng an absolute
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value of each coef£1c1ent and

(e) (3) codlng each coefflclent based on the

U D Py (U OO g em e Ay

comblnatlpn of said R and S using said first bit

map table.

8. The variable length coding method of claim 5, wherein

said step (f) includes,

(£) (1) performlng a discrete cosine transform

(DCT) for sald second sub-blocks and obtaining

coefficients;

(f) (2) scanning said coefficients in a

predetermined order and obtaining a value R

indicating a number of consecutive zZero

coefficients and a value S 1nd1cat1ng an absolute

value of each coefflclent, and

(£) (3) coding each coefficient based on the

combination of said R and S us1ng said second bit

map table

JRu—

9. A variable length coding method for coding an analog

signal to a digital signal, comprising the steps of:

(a) obtaining a block having a predetermined

number of sample signals by sampling said analog

signal at a predetermined sampling frequency;

(b) performing a discrete cosine transform

(DCT) for said block and obtaining coefficients;

-

(c) scanning said coefficients in a

predetermined order and obtaining a value R

indicating a number of consecutive Zero

_coefficients and a value S indicating an absolute




E JEET)

:@é@@y;@fé“;%' ot cqnel AR 5 ccr Bebtcssmy s

sai d eactf Bl otk 5 and obtai ning coefficients;

23

value of each coefficient;

—t—

(d) computing an existing probability of the

combination of said R and S;

(e) determining a number of coding bits to be

assigned to each combination of said R and S based

on the existing probability; and

(f) coding each coefficient according to the

determined number of coding bits.

10. The variable length coding method of claim 9, wherein

as said existing probability increases, said number of

coding bits to be assigned decreases.

11. The variable length coding method of claim 9, wherein

gsaid analog signal is a luminance signal included in a

television signal.

12, The variable length coding method of claim 9, wherein

said analog signal is chrominance signal included in a

e e e e e

television signal.

13. A variable length coding method for coding a television

signal, containing a luminance signal having a first

length in a horizontal direction and two kinds of

chrominance 51gnal hav1ng a second length in the

Horizontal direction, larger than the first length, to

a digital signal, comprising the steps of:

(a) obtaining a digital signal in every field

by sampling said television signal per field at a

predetermined sampling frequency;

(b) dividing said digital signal in every

field in;o a plurality o§h§}ocks;
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(c¢) coding a digital signal equivalent for

said luminance 51gna1 using a first bit map table;

and

(d) coding a digital signal equivalent for

said chrominance signal using a second bit map

table, different from said first bit map table,

wherein a greater number of bits are assigned to

said two kinds of chrominance signal as a result

of said second lengthnm_

14. A variable 1length coding and reeordingi method for

coding an analog signal containing a first analog

signal and a second analog signal, whose frequency

components are different from each other, to a digital

signal of wvariable length and recording medium,

comprising:

(a) obtaining a first block having a

predetermined number of sample signals and a first

length in a horizontal direction, by sampling said

first analog signal at a first sampling frequency;

(b) obtaining a second block having the

predetermined number of sample signals and a

second length in the horizontal direction, larger

than said first length, by sampling said second

analog signal at a second sampling frequency;

(c¢) coding said first block using a first bit

map table;

(d) coding said second block using a second

bit map table, different from said first bit map

table, wherein a greater number of bits _are

ass1gned to sald second block as a result of sald
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(f) coding each coefficient according to said bit
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second length; and_

(e) recording data related to said first bit

map table and said second bit map table on said

recording medium.

15. A variable length coding and recording method for

coding a television signal containing a luminance

signal having a first length in a horizontal direction

and two kinds of chrominance signal having a second

length in the horizontal direction, larger than the

first length , to a digital signal of wvariable length

and recording the coded digital signal on a tape for a

(a) obtaining a first sub-block having a

predetermined number of sample signals by sampling

said luminance signal at a predetermined sampling

frequency;

(b) obtaining two second sub-blocks, each of

which has said predetermined number of sample

signals, by sampling said two kinds of chrominance

signal at half of said predetermined sampling

frequency;

(c) coding said first sub-block using a first

bit map table;

(d) coding said second sub-blocks using a

gecond bit map table, different from said first

bit map table, wherein a greater number of bits

are assigned to said second sub-block as a result

of said second length; and

(e) recording data related to said first bit

map table and said second bit map table on said tape.




tO

[ muovmg e 2sen OMMUMRRRINRY Y © ©'* ™ bR

l1e6.

coding a television signal, containing a luminance

signal and two kinds of chrominance signal, to a

dlgltal signal of variable length and recordlng the

coded digital signal on a tape for a digital V%QEP

cassette recorder, comprising:

(a) obtaining blocks having a predetermined

number of sample signals by sampling _said

luminance signal and chrominance signal

respectively at a predetermined  sampling

frequency;

(b) performing a discrete cosine transform

(DCT) for said each Dblock and obtaining

coefficients;

(c) scanning said coefficients in

predetermined order and obtaining a value R

indicating a number of consecutive Zero

coefflclents and a value S 1ndlcat1ng an absolute

value of each coeff1c1ent;

comblnatlon of sald R and S;

(e) forming a bit map indicating a number of

coding bits to be assigned in each combination of

said R and S based on the existing probability;

(f) coding each coefficient according to said

bit map; and

(g) recording on said tape, data related to

said bit map in addition to data obtained by

coding each coefficient.
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VARIABLE LENGTH CODING METHOD

ABSTRACT

A variable length coding method designed to assign a
different number of coding bits in accordance with the
information content a sample holds when an analog signal
such as a television signal or the like is converted to a
digital signal. An assigning method of coding bits used to
a luminance signal is different from that used to a chro-
minance signal. A variable length coding method is further
capable of selecting an optimum assigning method in accord-
ance with contents of an original signal from a plurality of
determined assigning methods of coding bits. The data
related to the plurality of assigning methods of coding bits
is recorded on a medium after it is added to a coded digital

signal.

FIGURE 42



