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ABSTRACT

Afmethod and apparatus for recording digital video signals
1n which digital video signals in the form of DCT coefficienfs,
obtalned by e.g., discrete cosine transform, are quantized and
compressed éo as to be recorded on a recording medium. A first
quantization step decision unit determines a quantization step
in terms of a video segment made up of plural macro-blocks agja
unit so that the quantity of quantized data is less than a pre-
set data quantity. A second quantization step decision unit
determines a quantization step in terms of the macro-blocks as
a unit so that the quantity of quantized data is less than the
pre—-set datg quantity. A quantization unit quantizes the digital
video signals with the quantization steps determined by the first

quantization step decision unit and the second quantization step

declsion unit. This enables efficient encoding and improved

picture quality.
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TITLE OF THE INVENTION

Method and apparatus for modifying the quantization step of
each macro-block in a video segment

BACKGROUND OF THE INVENTION
Cross—References to Related Patents

AS appiications pertinent to the present application, the
US Patents Nos.$,321, 440 and 5,317,413 are proposed by tge
present Assignee. In addition, JP Patent Applications Nos. 03-
317497 (filing date, 1991.11.05), 04-196219 (filing date,
1992.06.30), 04-213716 (filing date, 1992.07.17), 04-181577
(filing date, 1992.06.17) and 05-223226 (filing date, 1993.09.08)
are also proposed by the present Assignee. Each of the above

applications 1is owned by the present Assignee.

1. Field of the Inventioh

This invention relates to a method and apparatus for
recording digital video signals in which digital video signals
in the form of DCT coefficients, obtained by e.g., discrete
cosine. transform, are quantized and compressed so as to be
recorded on a recording medium. More particularly, it relates
to a method and apparatus for recording digital video signals
advantageously -einp‘loyed for a digital video tape recorder for

recording/reproducing video signals for the high definition

television system.
2. Description of the Related Art

In recent years, developments of a digital video tape
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recorder 1n which video signals are converted into digital
signals and encoded using a high efficiency encoding system sgch
as discrete cosine transform (DCT) and the resulting encoded data
1s recorded and/or reproduced on or from a magnetic tape using

a rotary head, are proceeding briskly.

The digital VTR may be set to a mode for recording vidgo
signals of the current television system, such as the NTSC

system, referred to herein as a SD mode, or to a mode for
recording video signals of the high definition television system,
referred to herein as a HD mode.

By the recordving system of the above-mentioned digital VTR,
the video signals are compressed and recorded as digital video

signals of approximately 25 Mbps and as digital video signals of

approximately 50 Mbps for the SD mode and for the HD mode,
respectively.

In the method for recording the digital video signals in the
above-mentioned recording system, the video signal, converted
into the digital signals, are divided into blocks of a suitable
size, such as DCT blocks of 8x8 pixels. Six DCT blocks of
luminance data, one DCT block of R-Y data and one DCT block of
B-Y data, totalling eight blocks, make up one macro-block.

A plurality of macro-blocks are shuffled, that is, five
macro—-blocks at discrete positions on a picture are assembled

into one unit. Two—-dimensional DCT is then carried out on the

unlit basis, with the block size of 8 x 8.
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Data obtained by the tho—dimehsional DCT, that 1is DCT
coeffiéients, are stored 1in a memory on the unit basis. r{‘he
total number of codes are estimated on the unit basis and the
quantization steps are determined which will give the total
number of cédes which is smaller than a pre-set value.

The DCT coefficients are then quantized on the unitbasig,
with the thus determined quantization step, and variable length
"encoded by the Huffman code. The resulting quantized units are
accommodated 1n video segments by way of framing.

The codes thus quantized and accommodated in a fixed bit
length range on the unit basis, that is on the video segment
basls, are re-arrayed in a sequence in which the macro-blocks are
arrayed 1n continuous sequence on the picture, so as to be
recorded at pre-set positions on the magnetic tape.

With the above-described conventional recording method for
the digital video signals, a sole quantization step is accorded
to each video segment and all DCT coefficients in each video
segment are quantized with the thus accorded quantization step.
That 1s, the same quantization step is accorded to plural macro-
blocks. Thus the quantization step is determined so that the
total number of quantized codes on setting the fixed bit length
on the video segment basis will be less than a pre-set value.
However, it is a frequent occurrence that the actual mount of

quantized codes on fixed length coding becomes significantly

smaller than the above-mentioned pre-set value, so that efficient



e AR PRa) e r it A R A d e P ATEY TLrpt ay e s Rsefes e T T T et IR TARARS B e e e e e = & :
WMWWW AT rea

2156022

encoding cannot be achieved.. On the other hand, the degree of

quantization for the respective blocks becomes coarse with phe

result that the picture cannot be improved in gquality.

SUMMARY OF THE INVENTION

It 1s ‘therefore an objJect of the present invention to
provide a method and apparatus for digital video signals in whic;h
the quantization step determined on the video segment basis is
shifted on the macro-block basis so that the quantization steps
wlll Dbe determined on the macro-block basis for enabling
efficient encoding and improving the picture quality.

According to the present invention, there is provided a
method for recording quantized and encoded digital video signals
comprising the steps of determining a quantization step in terms
of a video segment made up of plural macro-blocks as a unit so
that the quantity of quantized data is less than a pre-set data
quantilty, determining a quantization step in terms of the macro-
blocks as a unit so that the quantity of quantized data is less
than the pre-set data quantity, and quantizing the digital video
signals with the determined quantization steps.

With the above method for recording digital video signals,
the quantiZation step 1s determined on the macro-block basis by
giving priority to the macro-block which is located at a mid
portion of a picture.

According to the present invention, there is also provided

an apparatus for recording quantized and encoded digital video
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signals comprising first quantization step decision means for
determining a quantization step in terms of a video segment made
up of plural macro-blocks as a unit so that the quantity of
quantized data is less than a pre-set data quantity, second
quantization step decision means for determining a quantization
step 1n terms of the macro-blocks as a unit so that the quantiEy
of quantized data is less than the pre-set data quantity, and
quantization means for quantizing the digital video signals with
the quantization steps determined by the first quantization step
declision means and the second quantization step decision means.

With the above apparatus for recording digital video
signals, the quantization step is determined on the macro-block
basis by giving priority to the macro-block which is located at
a mid portion of a picture.

With the above method for recording digital video signals,
a quantization step is'determined in terms of the macro-blocks
as a unit so that the quantity of gquantized data is less than a
pre-set data quantity. On the other hand, a quantization step
1s also determined in terms of the macro-blocks as a unit so that
the quantity of quantized data is less than the pre-set data
quantity. The digital video signals are quantized with the
quantization steps thus determined and the quantized and encoded
digital video signals are recorded on a recording medium. Tis

enables the degree of quantization to be refined in a range of

a pre-set data quantity of the quantized data to render it
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possible to make effective utilization of redundant bits, thus
assuring efficient encoding and improved picture quality.

With the above method for recording digital video signals,
since the quantization step is determined on the macro-block
basis by gi;ing priority to the macro-block which is located at
a mid portion of a picture, the picture of satisfactory quali}y
can be obtalned 1n a mid portion of the picture which may be
noticed most readily by the eye, thus further assuring improved
plcture quality.

Wlth the apparatus for recording digital video signals, the
first quantization stép decislion unit determines a quantization
step 1n terms of a video segment made up of plural macro-blocks
as a unit so that the quantity of quantized data is less than a
pre-set data quantity, while the second quantization unit
declsion unit determines a quantization step in terms of the
macro-blocks as a unit so that the quantity of quantized data is
less than the pre-set data quantity. The quantization unit
quantizes the digital video signals with the quantization steps
determined by the first quantization step decision unit and the
second quantization step decision unit. This enables the degree
of quantization to be refined in a range of a pre—-set data
quantity of quantized data to render it posslible to make
effective utilization of redundant bits, thus assuring efficient
encoding and improved picture quality.

With the above apparatus for recording digital video
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signals, since the quantization step is determined on the macro-
block .basis by giving priority to the macro-block which. 1s
located at a mid portion of a picture, the picture of
satlsfactory picture quality can be obtained in a mid portion of
the picture:which may be noticed most readily by the eye, thus
further assuring improved picture quality.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig.1l 1s a block diagram showing an arrangement of an
encoder of a recording apparatus for digital video signals for
carryilng out the recording method of digital video signals

according to an embodiment of the present invention.

F1g.3 1llustrates the order of scanning in a super-block in

the shuffling operation.

by the first quantization step decision means of the encoder.
Fig.5 1llustrate the state of fixed length encoded and

quantlzed macro-blocks when the quantization steps are determined

by the second quantization step decision means of the encoder.
Fig.6 1is a flow chart for l1llustrating the process of

determining the quantization step by the first quantization step
decision means and the second quantizdtion step decision means.

Fig.7 illustrates the construction of a video segment.
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Fig.8 i1llustrates the construction of each sync block of the

above-mentioned video segment.

Fig.9 1illustrates the construction of the discrimination

code of the sync block.

Fig.1lo0 | lllustrates the construction of DCT blocks of the
luminance data, R-Y data and R-B data in the sync block.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Referring to the drawings, preferred embodiments of the
present invention wlll be described in detail.

The digital video slgnal recording method is carried out by
a recording method for digital video signals having an encoder
configured as shown in Fig.1l.

That 1s, the encoder has a transform unit 1 for processing
macro—blocks of the digital video signals with discrete cosine
transform (DCT), an encoding unit 2 and a framing unit 3. The

encoding unit 2 is configured for quantizing DCT coefficients

r

e

esulting from DCT with a quantization step determined on the
macro-block basis by shifting the quantization step determined
on the basis of units each made up of plural macro-blocks.

The transform unit 1 includes a blocking circuit 11 for
dividing the digital video signals into 8x8-pixel blocks, a
shuffling circuit 12 for effecting macro-block based shuffling,

a motion detection circuit 13, a DCT circuit 14 for effecting
two-dimensional DCT with the block size of 8X8, a picture memory

15 and an activity detection circuit 18.



The encoding unit 2 includes a data quantity estimating
circuif 21, a Huffman table 22 for effecting variable length
coding, a first quantization step decision circuit 23, a second
quantization step decision circuit 24, a quantization circuit 25
and a varia:ble length encoding circuit 26. The data quantity
estimating circuit calculates the data quantity followigg
quantization, and the first quantization step decision circuit
23 determines the quantization step within a range of a pre-set
quantity of quantized data in terms of units each consisting of
five macro-blocks. The second quantization step decision circuit
24 determines the quantization steps within a range of a pre-set
quantity of quantized data in terms of macro-units. The
quantization circuit 25 effects quantization with quantization
steps determined by the first quantization step decision circuit
23 and the second quantization step decision circuit 24. The
varlable length encoding circuit 26 variable length encodes the
quantizéd data from the quantization circuit 25. The framing
circuit 3 has a deshuffling circuit 31, a parity appending

circult 32 and a channel encoding circuit 33.

The processing performed by the transform unit 1 is

explailined.

The blocking circuit 11, fed with input digital video data,

forms DCT blocks, each consisting of an array of 8x8 pixels,

totalling 84 pixels, from luminance data Y, data Cp and data Cq

of the same domain. The data CR 1s the color difference data R-
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Y, while the data Cy; is the color difference data B-Y. That is,
the blbcking clrcuit forms one macro-block from six DCT blogks
of luminance data Y, one DCT block.of color difference data CR
and one DCT block of color'differenpe data.CB, and outputs the
resulting m;cro—block.

The shuffling circuit 12 effects pre-set macro-block bassd
shuffling on the digital video signals macro-blocked by the
blocking circuit 11. After shuffling the macro-blocks, each one
macro—block is taken out from each of super macro-blocks S1 to
S5 which are separated from one another on a picture P and which
are made up each of 27 macro-blocks, as shown in Fig.2. Thus,
five macro-blocks M, to M; are collected to form a sole fixed
length forming unit, which is outputted. The fixed length

forming unit is referred to herein simply as a unit.

The shuffling sequence in the above shuffling operation

conforms to the equations
vi, k = {M(i + 4)mod(n), 2, k
M(i + 12)mod(n), 1, k
M(1i + 12)mod(n), 3, Kk
M(i)mod(n), 0, k
(M(1i + 8)mod(n), 4, k
where n 1s the number of lines, i is the line index (i = 0 to n-

A—

1) and k is the scanning order index for respective pixels of the

super blocks Sl to 85 (k O to 26). Consequently, five macro-

blocks Mi to M5<&re selected, beginning from the macro-block at

10
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the center of the picture P shown in Fig.2, that is the macro-
block ﬁl of the super macro-block Sl’ followed by the macro—blpck
S, of the super macro-block S¢ .... the macro-block M of the

.super macro-block My
On the‘other hand, the macro-blocks of each of the super

macro-blocks Sl1x)5% are scanned in the sequence of the mac;g—
block 0, macro-block 1, macro-block 2, ...macro-block 26, as
shown 1n Fig.3.

The motlion detection circuit 13 effects motion detection in
terms of five macro-blocks formed into one unit by the shuffling
circult 12. The results of motion detection are fed to the DCT
circuit 14, while being outputted as the subsidiary information
to e.g., a reproducing system, not shown.

The DCT circuit 14 performs DCT on picture data devoid of
motion, in terms DCT blocks each made of 8x8 pixels, based upon
the results of detection by the motion detection circuit 13. On
the other hand, the DCT circuit 14 performs DCT on sum data or
differential‘ data between fields of picture data exhibiting
motion in terms of 2 DCT blocks each made up of 8x4 pixels. The
DCT circuit 14 outputs dc components to the framing unit 3, while
outputting ac components to the picture memory 15.

The picture memory 15 transiently stores the ac components
resulting from DCT by the DCT circuit 14 in terms of units.

The activity detection unit 186 detects, as the information

speclfying the activity of a picture, the maximum value of the

11



ac components resulting from DCT by the DCT circuit 14 of the
one-unlit data stored in the picture memory 15 and outputs the
results of detection as the subsidiary information to e.g., a

reproducing system, not shown.

The opération of each circuit in the encoding unit 2 is

explained.

-

The data quantity estimation circuit 21 is responsive to the
results of wunit-based activity detection by the activity
detection circuit 12 to classify the ac components stored in the
plcture memory 15 in association with the degree of quantization

at the time of quantization.

In order for fixed—-length picture data to be obtained on the
unit basis from the variable-length encoding circuit 26 fed with
the output of the quantization circuit 25, the first quantization
step declslon circuit 23 calculates an optimum quantization step
for the luminance data Y, color difference data Cp and the color
difference data(%v based upon the information of classification
from the estimation circuit 21 and the codes in the Huffman table
22 .

The second quantization step decision circuit 24 determines?
from the quantization step determined on the unit basis by the
first quantization step decision circuit 23, the quantization
step for each of the five macro-blocks in the unit within a
range lesser than targeted fixed bit length. The quantization

step 1s determined on the macro-block basis so that priority 1is

12
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given a macro-block among the five macro-blocks which is located
closer'the center of the picture.

The quantization circuit 25 quantizes the one-unit data (ac
components) stored i.n the picture memory 15 at a quantization
step as det:ermined by the second quantization step decision
circult 24, and transmits‘the résulting quantization data to tEe
variable length'encoding circuit 286.

The variable length encoding circuit 26 encodes the fivé
macro-blocks, quantized by the quantization circuit 25, using
e.g8., the Huffman code, so that each macro-block is formed by 717
bytes, inclusive of the quantization step information.

The operation of determining the quantization step 1n the
first quantization step decision circuit 23 and the second
quantization step decision circuit 24 is explained in detail.

IT the quantization step Q, determined on the unit basis by

the first quantization step decision circuit 23, 1s 8 (Q = 8),
the same quantization step QO to Q4 (Q0 to Q4 = 8) 1s accorded to
each of the five macro-blocks MO0 to MO4 of the unit, to which
the quantization step Q@ = 8 is accorded, as shown in Fig.4.

IT data of the five macro-blocks are quantized with the same

quantization step Q@ = 8, vacant regions B11 to B12’ 821 to B24, B31

to B,, and B41 to B46 are present in the macro-blocks Mol, MOZ, MO3

and MO,, respectively, as shown in Fig.4.
Since the quantization step information can be accorded to

each of the macro-blocks, the second quantization step decision

13
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circult 24 shifts the quantization steps Q, to Q, of the macro-
blocks MO, to MO, shown 1n Fig.4 in a direction of refining ’Fhe
quantization degree within the range less than the target fixed
bit length value.

The order Oof priority in shifting the quantization step is
the macro-block MO, , MOl, ..., MO,, thus beginning from the uppir
side macro-block. That 1s, the macro-blocks MO, to MO, are
respectively associated with the macro-blocks MO0 to MO4 shown in
Fi1g.2 and hence are selected beginning from the macro-block
located near the center of the picture. That 1is, the
quantization step is determined so that priority will be given
the macro-blocks located closer to the center of the picture.

IT the quantization step is determined on the macro-block
basis 1n the second quantization step decision circuit 24 as
described above, the quantization step Q, of the macro-block MO,
becomes finer by one and is now O (Q0 = 9), while the
quantization step Q, of the macro-block MO, becomes finer by one
and 1s now 9 (Q0 = 9), as shown in Fig.5. Consequently, the
vacant region comprises the vacant regions Aqq to A;, of the
macro—-block MO, and the vacant regions Ay to Ay, Oof the macro-
block MO, .

By determining the quantization step on the macro-block

basls within the range of the targeted fixed bit length,

redundant bits may be effectively utilized, while a picture of

a high picture quality may be produced. In addition, by refining

14



the quantization steps of the five macro-blocks in the order of

the quantization steps Qyy Qp, -+, Q,, the finer quantization
steps are selected preferentially beginning from the central
portion of the picture, so that satisfactory picture quality may

be obtained at the central region of the picture which is most

outstanding to the viewer.

- 4

Referring to the flow chart shown in Fig.6, the process of
determining the quantization step in the first quantization step

decision circuit 23 and the second quantization step decision

circult 24 is explained.

In the first quantization step decision circuit 23, the
first quantization i is initialized (i = 15). The quantization

steps are 0O to 15, in which the larger the number, the finer is

the quantization step.'

The quantization steps Q[J to Q4 of the five macro-blocks MO
1x>bKM are set at step S2 to the first quantization step i (=Q,
= Q= Q = @ = Q).

- Then, at step S3, the five macro-blocks M0 to M4 are
quantized with the quantization step i (=Q4==(% = Q2:=6%.= QO)’
while the resulting quantized data is variable-length encoded

using the Huffman table 22.

Then, at step S4, the first quantization step i is rendered

rougher, that is decremented (i = i - 1).

It 1s then judged at step S5 whether the quantity of the

quantized data resulting from quantization at step S3 is less

15
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than the targeted fixed bit length value, whether the quantity
of the.resulting quantized data is more than the targeted figed
bilt length value target, or whether the quantity of the resulting
quantized data is equal to the targeted fixed bit length value
target. :

1T, as a result of judgment at step S5, the quantity of tEe
produced quantized data exceeds the fixed length value target,
processing reverts to step S2 in order to effect at step S3 the

quantization with a quantization step rougher by one and in order

to repeat the steps S4 and S5.

Alternatively, if the quantity of the produced quantized
data 1s equal to the fixed 1length value target, the first
quantization step i is set as quantization steps Qgtx)c%.for the
macro-blocks M, to Qs The quantization steps Q, to Q, for. the
macro—-blocks My to Q are then outputted to the quantization
circuit 25 without performing the steps S6 ff. of determining
the macro-block based quantization step determining process which
1s to be explained subsequently.

Alternatively, if the quantity of the produced quantized

data 1s lower than the fixed length value target, the second

quantization step decision circuit 24 ilnitializes, at step S8,

I

the index j (j: 0 £ j £ 4) of the macro-blocks My to M, (J 0).
The circuit 24 then refines at step S7 the quantization step

information Qj of the jth macro-block M‘j by one (Gj = Qj + 1).

At step S8, the circuit 24 then quantizes the macro-block

16
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Mj with the quantization step Qj determined at the step S7, while

variable length encoding the quantized data using the Huffman

table 22.

It 1s then judged at step S9 whether the quantity of the

quantized data resulting from quantization at step S8 is less
than the targeted fixed length value, whether the quantity of the
resulting quantized data is more than the targeted fixed length

value or whether the quantity of the resulting quantized data is

equal to the targeted fixed length value.

If, as a result of judgment at step S9, the quantity of the

quantlzed data is less than the fixed length value target, the

order to revert to the processing at step S7 and in order to

repeat the step S7 ff.

Alternatively, 1f the quantity of the resulting quantized

data 1s equal to the fixed length value target, the quantization

step 1nformation of the macro-block Mj 1s set as the second

quantization step Qj in order to output the quantization steps Q

to Qs for the macro-blocks My to Q, to the quantization circuit

25.

Alternatively, if the quantity of the resulting quantized
data exceeds the fixed length value target, the quantization step

information of the macro-block Mj 1s decremented by one in order

to set at step S11 the quantization step information for the

macro-block Mj as the quantization step Qj (= Qj - 1) and in order

17
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to output the quantization steps Q0 to Q4 for the macro-blocks M0

to M4 Lo the quantization circuit 25.

The quantization steps are determined on the macro-block
basls by the first quantization step decision circuit 23 and the
second quant}zation step decision circuit 24 as described above
1n order to carry out the quantization with the quantization stip
as determined by the quantization circuit 25. The variable
length encoding circuit 26 adds the quantization step information
to the quantized data on the macro-bloc basis as shown in Figs.4
and 5 and forms fixed bit length codes which are outputted to the
framing unit 3.

The quantization steps determined by the first quantization
step decision circuit 23 and the second quantization step
decislon circuit 24 are also supplied as the subsidiary

information to the reproducing system, not shown.

The processing by the respective components of the framing

unit 3 is now explained.

The' deshuffling circuit 31 deshuffles the dc components from
the DCT circuit 14 and the ac components quantized with the
quantization step accorded on the macro-block basis by the
variable length encoding circuit 26 and re—arrays the macro-

blocks in a continuous sequence on the picture.

The parity appending circuit 32 appends the synchronization
codes sync, to sync,, identification codes IDO to ID4 and parities

P, to P, in order to constitute sync blocks SB, to SB, making up

18
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one video segment.

That 1s, referring to Fig.8, each sync block is made up of
90 bytes, 1.e., 16-bit or 2-byte synchronization code sync as an
area for recognition of the leading ehd of the sync by two sync
patterns, ijyte identification codes IDO to ID2, 77-byte sync
block SB fixed in bit length and quantized as described above and

- 4

8-byte parity P as error correcting parity data.

As for the identification codes I0 to I2, the identification
code IO 1s made up of a sequence number SNo, while the
ldentification codes I1 and I2 are constituted by a sync block
number SBNo and an application number ANo, respectively as shown
in Fig.o9.

Each of the luminance data Y and the color difference data
Qw.(%, shown 1in Fig.7, 1is made up of a 9-bit dc component, a 1-
bit mode data mo specifying one of 8x8/2x4x8 block sizes used for
DCT by the DCT circuit 13, the classification information cl1
obtained by the data quantity estimation circuit 21 and the
fixed-length ac component of luminance data (for luminance data
Y) or of color difference data (for the color difference data.CR
and.C%), as Shown in Fig.10.

The ac component of the luminance data Y is made up of 68
blts, while the ac components of the color difference data Cp, Gy
are each made up of 52 bits.

The sync blocks SB0 to SB4, having the parity codes appended

thereto, are supplied as one video segment to the channel coding

18



circult 33. The video segmgnt 1s channel-coded by the channel
codingwcircuit 33 so as to be recorded at pre-set positions on
a magnetlic tape by recording means, not shown.

The operation of the encoder shown in Fig.1l is explained.

The blécking circult 11 divides video signals, converted
into digital signals, into DCT blocks each made up of 8x8 pixels,
totalling 64 pixels, and forms a macro-block from six DCT blocks
of luminance data, one DCT block of color difference data CReuui
one DCT block of color difference data CB’ totalling eight DCT
blocks, in order to output the resulting macro-block to the
shuffling circuit 12.

The shuffling circuit 12 shuffles the macro-blocked video
signals from the blocking circuit 11 and collects five macro-

blocks into one unit which is outputted to the DCT circuit 14 and
the motion detection circuit 13. The also unit is referred to
herein as unit data.

The motion detection circuit 13 detects the motion of the
unit data from the shuffling circuit 12 and outputs the results
of detection to the DCT circuit while outputting the same results
to the reproducing side as the subsidiary information.

The DCT circuit 14 performs two-dimensional DCT on unit data
from the shuffling circuit 12 while selectlively switching between
the intra-frame pixel values for the 8X8 pixel block unit and
inter-field prediction error values 4X8X2 for the pixel block

unit by way of performing two-dimensional DCT. The dc components

20
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are fed to the deshuffling circuit 31 of the framing unit 3,
while the ac components are fed to the picture memory 15 and to

the activity detection circuit 18.

The picture memory 15 stores the ac components from the DCT
circuit 14.‘

The activity detection circuit 16 detects the pictul:;e
activity for the ac components from the DCT circuit 14 and
outputs the results of detection to the data quantity estimating
circult 21 of the encoding unit 2 while outputting the same
results to the reproducing side as the subsidiary information.

The data quantity estimating circuit 21 classifies the ac
components 1in association with the degree of quantization
responsive to the results of detection from the activity
detection circuit 12. The classified data is supplied to the
first quantization step decision circuit 23.

The first quantization step decision circuit 23 calculates
an optimum quantization step for the unit data within a range
smaller than the targeted fixed bit length value based upon the
classification data from the data quantity estimation circuit 21
and the codes from the Huffman table 22. The calculated
quantization step 1is sent to the second quantization step

decilision circuit 24.

The second quantization step decision circuit 24 determines

the quantization step on the macro-block basis within the range

of less than the target fixed bit length value, based upon the
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quantization step for the unit data supplied from the first
quantiZation step decision circuit 23, while giving priority to
the macro-block among the five macro-blocks in the unit data
which 1s located closer to the picture center. The quantization
step determined on the macro-block basis is supplied to the

quantization circuit 25, while being outputted as the subsidiary

-

information to the reproducing side.

The quantization circuit 25 quantizes the ac components for
the unit data stored in the picture memory 15 with the
quantization step for the respective macro-blocks from the second
quantization step decision circuit 24, and transmits quantized
ac components to the variable length encoding circuit 26.

The variable 1length encoding circuit 26 encodes the
quantized ac components from the quantization circuit 25 on the
macro—-block basis and transmits the encoded ac components to the

deshuffling circuit 31 of the framing unit 3.

The deshuffling circuit 31 deshuffles the dc components from
the DCT circuit 14 and the quantized and encoded ac components
from the variable length encoded ac components and re-arrays the
data so that the five macro-blocks of the unit data will be
continuous on the picture. The deshuffled five macro-blocks are

sent to the parity appending circuit 32.

The parity appending circuit 32 appends parity codes etc.
to the flve macro-blocks from the deshuffling circuit 31 to form

a sync block from the macro-blocks having the parity codes etc.

22
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and forms a vlideo segment from the five sync Dblocks. The
resulting video segment is sent to the channel coding circuit 33.
The video segment is channel-coded by the channel coding

circult 33 so as to be transmitted to a recording unit, not

shown.
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The embodiments of the invention in which an exclusive property or
privilege is claimed are defined as follows:

1. A method for providing quantized and encoded digital video signals, comprising the steps
of:

determining a quantization step in terms of a video segment composed of a plurality
of macro-blocks as a unit so that a quantity of quantized data 1s less than a pre-set data
quantity, wherein quantization steps for every macro-block constituting the video segment

initially are equal to said determined quantization step of the video segment;

modifying the quantization steps associated with each of the plurality of macro-blocks

of the video segment individually one at a time in a pre-determined order without exceeding

the pre-set data quantity;

quantizing the digital video signal with the determined quantization steps associated

with each of the plurality of macro-blocks.

2. The method as claimed in claim 1, wherein the step of modifying the quantization steps

comprises giving priority to a macro-block which is located at a center of a picture.

3. The method as claimed in claim 1, wherein the step of determining the quantization step in
terms of a video segment comprises calculating an optimum quantization step for each of the

luminance signals and color signals of the video signals by arithmetic operations.

4. The method as claimed in claim 1, wherein the number of the macro-blocks in the video

segment is five.

5. Apparatus for providing quantized and encoded digital video signals, comprising:

means for determining a quantization step in terms of a video segment composed of a
plurality of macro-blocks as a unit so that a quantity of quantized data 1s less than a pre-set
data quantity, wherein quantization steps for every macro-block constituting the video

segment initially are equal to said determined quantization step of the video segment;
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means for modifying the quantization steps associated with each of the plurality of
macro-blocks of the video segment individually one at a time in a pre-determined order

without exceeding the pre-set data quantity;

means for quantizing the digital video signal with the determined quantization steps

associated with each of the plurality of macro-blocks.

6. The apparatus as claimed in claim 5, wherein said modifying means 1s operable to give

priority to a macro-block which is located at a center of a picture.

7. The apparatus as claimed in claim 5, wherein the means for determining the quantization
step in terms of a video segment comprises means for calculating an optimum quantization

step for each of the luminance signals and color signals of the video signals by arithmetic

operations.

8. The apparatus as claimed in claim 5, wherein the number of the macro-blocks 1n the video

segment is five.
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