USOORE44091E

as United States
a2 Reissued Patent

(10) Patent Number:
(45) Date of Reissued Patent:

US RE44,091 E
Mar. 19,2013

Oda
(54) PICTURE ENCODING METHOD, PICTURE
ENCODING APPARATUS AND PICTURE
RECORDING MEDIUM
(75) Inventor: Tsuyoshi Oda, Chiba (JP)
(73) Assignee: Sony Corporation, Tokyo (IP)
(21) Appl. No.: 12/368,485
(22) Filed: Feb. 10, 2009
Related U.S. Patent Documents
Reissue of:
(64) Patent No.: 5,703,646
Issued: Dec. 30,1997
Appl. No.: 08/770,593
Filed: Dec. 19,1996

U.S. Applications:

(63) Continuation of application No. 08/351,262, filed as
application No. PCT/JP94/00610 on Apr. 11, 1994,
now abandoned.

(30) Foreign Application Priority Data
Apr. 9,1993  (JP) .eoiereeiinececice e P5-105943
(51) Imt.ClL
HO4N 7/18 (2006.01)

(52) US.CL ... 375/240.05; 375/240.03; 375/240.07
(58) Field of Classification Search . 375/240.01-240.29
See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS

5,038,209 A 8/1991 Hang
5,073,820 A 12/1991 Nakagawa et al.
5,136,377 A 8/1992 Johnston et al.
5,144,424 A 9/1992 Savatier
(Continued)
TR Shway

FRAME MEMORY PICTURE  PICTURE

o) 2
AL/t 5]

PICTURE/ ¢ 16
MoTOR IMOTOR

PREDIGTION
WITION. vscmu

FOREIGN PATENT DOCUMENTS

EP 0475251 A2 3/1992
EP 0493 130 7/1992
(Continued)
OTHER PUBLICATIONS

Grueneberg K et al: “Hardware Implementation of the Framestore
and Data Rate Control for a Digital HDTV-VCR” Signal Processing
of HDTV. Proceedings of the International Workshop on HDTYV, vol.
4, Nov. 18, 1992, pp. 51-58, XP000199113.

(Continued)

Primary Examiner — Andy Rao
(74) Attorney, Agent, or Firm — Frommer Lawrence &
Haug LLP; William S. Frommer

(57) ABSTRACT

This invention employs a scheme to allow an input video
signal to undergo encoding, e.g., predictive encoding, DCT
processing, quantization at fixed quantization step size and
variable length encoding to generate first encoded data to
determine (calculate) allocated code quantity every frame or
every GOP on the basis of data quantity every predetermined
time, e.g., every frame or every GOP of'the first encoded data
and total quantity of usable data to encode the input video
signal every predetermined time on the basis of the allocated
code quantity to generate second encoded data. Thus, variable
rate encoding such that encoding rate changes every prede-
termined time is realized. As aresult, even if pictures (frames)
of complicated are successive, there is no possibility that
quantization step size is caused to be large with respect to
these pictures as in the conventional apparatus. Thus, uniform
high picture quality can be obtained through the entirety.
Further, since second encoded data obtained in a manner as
described above has variable rate, in the case where such
encoded data is recorded onto picture recording media, lim-
ited memory capacity can be effectively used, and recording
time of picture recording media can be prolonged. In addi-
tion, picture data of high picture quality uniform over the
entirety can be reproduced from the picture recording media.

24 Claims, 12 Drawing Sheets

INTRA-FRAME/ FORWARDY
0 &D BACKWARD/ BIDIRECTIONALLY
PREDICTIVE JUDGMENT

QANTIZATION SCALE
SETTING CIRCWIT

BT | i
VECTOR  +VECTOR m
DETECTOR |
BACKNARD K
PREDICTION
BIDIRECTIONAL

“0fion ELEVENT
COMRENSATION ,':'}g,ﬂavggv

SWITGN
FORDND

PICTURE

mmﬁv/
REDICTION

BDRECTIONL
anur« RED nnm

WMFEHSATI(!(

55
TRANSMITTING
BUFFER

IVERSE
g;gxwm“ FRANE WEWORT) \  guakizaTion
PER FORMARD /"Bl SWITCHING

E annvr



US RE44,091 E
Page 2

U.S. PATENT DOCUMENTS

*  7/1993 Gonzalesetal. ........ 375/240.04

2/1994 Sullivan et al.
1/1995 Allen
3/1995 Jass
4/1995 Yamada et al.
4/1995 Kojima
6/1995 Reininger et al.
7/1995 Coleman et al.

10/1995 Hsieh
2/1998 Kato et al.

5,231,484 A
5,287,200 A
5,379,355 A
5,396,567 A
5,404,168 A
5,410,351 A
5,426,463 A
5,434,623 A
5,461,422 A
5,719,986 A

FOREIGN PATENT DOCUMENTS

EP A-0493130 7/1992
EP A-0509576 10/1992
EP A-05009576 10/1992
EP 0520 789 12/1992
EP A-0535960 1/1993
EP A-0535960 4/1993
EP 0613 306 8/1994

OTHER PUBLICATIONS

Viscito E et al: “A Video Compression Algorithm With Adaptive Bit
Allocation and Quantization” Visual Communication and Image Pro-
cessing "91: Visual Communication, Boston, Nov. 11-13, 1991, vol.
Part 1, no. vol. 1605, Nov. 11, 1991, pp. 58-72, XP000479218 Kou-
Hu Tzou; Toshio Koga.

Netravali A et al: “The Digital Spectrum-Compatible HDTV Sys-
tem” Signal Processing. Image Communication, Elsevier Science
Publishers, Amsterdam, NL, vol. 4, No. 4 / 5, Aug. 1, 1992, pp.
293-305, XP000293750 ISSN: 0923-5965.

Abbas Razavi etal: “VLSI Implementation of an Image Compression
Algorithm With a New Bit Rate Control Capability” Digital Signal
Processing 2, Estimation, VLSI, San Francisco, Mar. 23-26, 1992,
vol. 5, No. Conf. 17, Mar. 23, 1992, pp. 669-672, XP000341509
Institute of Electrical and Electronics Engineers.

Wen-Hsiung Chen et al: “Adaptive coding of monochrome and color
images” IEEE Transactions on Communications, Nov. 1977, USA,
vol. COM-25, No. 11, 1977, pp. 1285-1292, XP002085968 ISSN:
0090-6778.

Cheng-Tie Chen et al: “Hybrid Extended MPEG Video Coding Algo-
rithm for General Video Applications” Signal Processing. Image
Communication, Elsevier Science Publishers, Amsterdam, NL, vol.
5,No.1/2,Feb.1,1993,pp.21-37, XP000345611 ISSN: 0923-5965.
Proceedings of the Picture Coding Symposium (PCS). Lausanne,
Mar. 17-19, 1993, No.-, 17 Mar. 1993 Swiss Federal Institute of
Technology, pp. 19.3/A-19.3/B, XP 000346426.

Nicoulin A. et al ‘Feed-Back Free Rate Control for Digital Video
Coding’* p. 19.3.A, right column, last paragraph -p. 19.3.B. left
column, paragraph 1*.

* cited by examiner



US RE44,091 E

Sheet 1 of 12

Mar. 19,2013

U.S. Patent

JHNLONd
. 3401 01d
IMHOLIAS WD, o ok Ol DI04
NOLLYSN3AHOI QN QN0
NOLIVZILRVIO -\ {yopaw gnvyy  QUVANOVE NOLLON
BN\ Vil IMHOLING
_ , NOILOIORHG  /NORIN 7 yNwa
T N X /| -7 | wowsie /S
ONILLINSHYEL |\ w UG o1 ySuaanos
P / L }/NUNA3s /gy \IAILAG3H NOI 10N
w \ | /[ /0 L
= DUN| — T NOWLNORI -~ ~=~\ {= oo %.z% WOloW /Y
19N i QHVHHO,: :
WV3HLS LGy =St A | W o0
109100, o — s I Y WNOLORIE
p 10 . 4 7 NOILOI03ud
: o A ” i \s_é_og
' ot ) H 0133130
g A i YT T TEET
HY341S \ ©_ =1} 0 % ] HOLOW!  WOILOW
T e R T TR TTUT Y £ VTN ) I NN 6 1 St + /]
: INI00 \: 300M: . 0
DO RIONTT ) 3aiL0i03ue . R
D TOVVA E wans i oz TS oo
R N E T N AW A . oA T RN
. ||||||||||| ] 1 -6, 9«1\ S n .\
YOV8Q334 Wiiing r " . L,
& s 0 P 2T . LIl
NOLLYINDTY) wz_ooo HLONTT zc_EN_.—.zgc JALNAIYd e e - \u:ém_-«.&.‘_&_. \qm._. 4,,.“_.22_

vy 118~ o8

LINJYIY INILLIS
3T¥3S NOILYZILNVID

TTAYRIVA

iy % /

'

INIWIANF 341110344 \ NOLLIOJHd &
ATTYNQILOFHIQ!E 7 GHYMNOYE

/0HVA03 / VA - YU LN

QHvmi0d

'\

W JNLOId AYOWIA IWVH4

TYNIQHO  _ IVKIOIO
QEYMHOS  3ONIHI4



U.S. Patent Mar. 19, 2013 Sheet 2 of 12 US RE44,091 E

C STAFIT)

FIX QUANTIZATION STEP SIZE

TO1TO CARRY OUT ENCODING TO | _gT7

DETERMINE CODE QUANTITY
GENERATED (DIFFICULTY)

DETERMINE CODE QUANTITY bi
ER UNIT TIME FROM DIFFICULTY | __gTo
AND TOTAL QUANTITY OF

USABLE DATA

p

CARRY OUT ENCODING BY

QUANTIZATION STEP SIZE —ST3

BASED ON ALLOCATED
CODE QUANTITY bi

C END )
FIG.2




U.S. Patent Mar. 19, 2013 Sheet 3 of 12

(" stART )

US RE44,091 E

INPUT OF PICTURE }—ST1

READ-IN OF FRAME ALLOCATED
CODE QUANTITY bi

—S8T2

ENCODING lf\s T3

ST4




U.S. Patent Mar. 19, 2013 Sheet 4 of 12 US RE44,091 E

B B P B B P

P

B P B

10000000000000¢

B



U.S. Patent Mar. 19, 2013 Sheet 5 of 12 US RE44,091 E

1\

MY &
vm-

I T

-
5\

1\

Y =
,m" Ty
)\ 0

TN @
50\
NI

AN =
\{m‘

1\

-

1\

nny e

r NN -



U.S. Patent

Mar. 19, 2013 Sheet 6 of 12 US RE44,091 E

C START )

INPUT OF PICTURE {+—ST1

ST2
LEADING NO

PICTURE OF
Gg/

YES _ST3
/

READ-IN OF ALLOCATED
CODE QUANTITY GOP bj

ST4
/

ENCODING

NO ST5

SEQUENCE

wo?

YES

( END )
FIG.6




US RE44,091 E

Sheet 7 of 12

Mar. 19,2013

U.S. Patent

£0d-

L Old
£20d-| 2104
z0d-" 104

H=}




US RE44,091 E

Sheet 8 of 12

Mar. 19,2013

U.S. Patent

8'9ld

viva 3NvHd v.iva 3nvid
a3aLVIOdHIINI  g3L1VIOdHILNI-NON
:zmzﬂﬁ LINSNVH1
XS4 Xv4 Xe4 XZ4 Xid
I F 11 ]
Nlm. \ “ ” / m&m Nn\.m. \ " " / MNQM.
! . 1 4\ 7 \ ] /\I\
! 1 ! ) )
) \" “l/.\/\ rdS / Yt i Y rdS
t
J4dSLQ / Em.‘m\D/ \ v
M\\\\ .“, I/l/r- \\\\\ m Illl/ f
S4 pd | o R Z4 14 04
w ) ) } ) )
GX X v £ X w I ox
WYY INvHd
NOLLVI0dHaLNI NOILVYIO0dHILNI
(ONIGOONT INVHA-VHLINI) (DNIGOON3 SWYHA-THINI) (ONIGOONI INVHI-VHLNI)

JNVHL NOILVTOdHILNI-NON IWVHL NOLLVIOdHILNIFNON 3JWVHA NOLLVIOdHILNI-NON

viva

1IWSNVHL

TVNDIS
030aIA
JUNLONd
ONIAOW

v



US RE44,091 E

Sheet 9 of 12

Mar. 19,2013

U.S. Patent

6

old

08
INTET INIS \
£8™1 "3oN3u3a4ia
¢g HO10D qrg VNDIS 58
N L iy
. NOISHIANOD
A ANyud v v/a Acz_x__av
¥2018 A -
NOISHIANOD . NOISHIANOD ONISS300Hd|  DaGIA
1YWHOA | via IYNDIS 1S0d 1nd1no
p N JONVNIWNNT
A Bbg
lg—~—] H3A003a JVNDOIS
TR JONVNINNT
........ e e
iy S S gy
§9~—| Y300ON3 30N3H344ia qz9 19
r HO102 TYNDIS
) JONZHIAII0 |
(20 S L S oo
HYd
FNVHL ﬁ A DI v
NOISLEANOD | . NOISHIANOO| ONISSIOOHd | TYNOIS
ay 1VNDIS ~qdd 0
| 1NdNI
N N IONVNINNT
AHOWAW
t9 £9~1  3WvHd ecg \
JVNDIS
FJONVNIWOT 55




U.S. Patent Mar. 19, 2013 Sheet 10 of 12 US RE44,091 E

FIG.10C FIG.10A

8DOTS H DOTS
soots| | vy | v SLICE 1
SLICE 2
Y] | Y V LINES SLICE 3
Cb(5] | Cbls]
SLICE N
MACRO BLOCK FRAME
1]2|3|als|6|7]s M

SLICE

FIG.10B



US RE44,091 E

Sheet 11 of 12

Mar. 19,2013

U.S. Patent

LL'OId

AHOWIW FWVHd

£l
ETRIT 3
~{3A1101G3Hd - 2
QUVMYO4 =
ONIHOLIMS
BECIRIE ==
IALLOIO3HA ® -
L aUYMMIVE Z
g9
/ +
il
0l I~—100 HOLI3A
NOILOW
L o=
NOILVZILNVND 1 ar0!
NOLLOIO3Hd
601 20! 3SY3ANI so; || wNowdBuie x| | | ey
% r 90! o T V1
uzaang | | ONA02 NOILVZ | I3 ,n.mgm_wqmm_ﬂ 401
ONILLINSNYHL F18VIHVA -IANVND kﬂ 191034d — v
"vig'S Wv3d1s DN Zold Hivavam O -
1Ndino 118 NOLLVZIINVYND NOILOW FHNLINd
MovaQ33d y344ne L — - < 10dNI
300N 3AILO1034d A
IN3IW3DANF 3AIL0I03Hd - _
ATIVNOILO3HIGI/HYMIOVE pal ¥ “
/QYVMHOI/SNVHIVHINI 3uniold |[ 3unioid || 38nloid
{ TvNIDIHO || TVNIDIO || TvNiDIHO
01 £9 ayvmuod || 3oNaY333u | lauvadiova
AHOW3N SNVHS



US RE44,091 E

Sheet 12 of 12

Mar. 19,2013

U.S. Patent

¢L"Old

AHOW3W 3WvH4d
ONIHOLIMS
MNVE v
3UNLOId JHNLIId
IALLOIGIHd =] 3AILOIG3Yd]| |— 902
aHYMHO4 auvmMIove
!
\ \
ONILYSNIJWOD
NOILOW HOLD3A NOILOW 202
20¢C ~
DNIG023a
- _ |NOLLYZILLNYND | y3adng |
+ Loai ISHAANL [~ Haviaun [ ONIAIEO3Y [5vas
§0c { ] N 118
o0z ( 1NdNI
£0¢ 31v0S +0c
NOILYZIINVND
30OW FAILDI3Hd



US RE44,091 E

1

PICTURE ENCODING METHOD, PICTURE
ENCODING APPARATUS AND PICTURE
RECORDING MEDIUM

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

This application is a continuation of application Ser. No.
08/351,262, filed as PCT/JP94/00610 Apr. 11, 1994 pub-
lished as W(094/24822 Oct. 27, 1994, now abandoned.

TECHNICAL FIELD

This invention relates to a picture encoding method, a
picture encoding apparatus and a picture recording medium,
and more particularly to a picture encoding method, a picture
encoding apparatus and a picture recording medium which
are used in a system for implementing encoding for storage to
a video signal of moving picture to record the coded signal
onto a picture recording medium such as an optical disc, a
magnetic disc, or a magnetic tape, etc., or a system for trans-
mitting a video signal of moving picture through a transmis-
sion path.

Notice: More than one reissue application has been filed
for the reissue of U.S. Pat. No. 5,703,646. The reissue appli-
cations are Ser. No. 09/474,479 and the instant continuation
application.

BACKGROUND ART

Hitherto, in a system for transmitting a video signal of
moving picture to remote place, for example, as in the tele-
vision conference system, the television telephone system,
etc., or a system for recording a video signal of moving
picture onto a picture recording medium such as an optical
disc, a magnetic disc or a magnetic tape, etc., or reproducing
arecorded video signal of moving picture, there is adopted for
the purpose of efficiently utilizing transmission path (or pic-
ture recording medium), a scheme to implement so called
efficient encoding to a video signal by making use of corre-
lation between lines or correlation between frames that video
signal has to reduce redundancies in the spatial axis direction
and the time axis direction to transmit only significant infor-
mation, thus to improve transmission efficiency.

For example, in encoding processing in the spatial axis
direction (hereinafter intra-frame coding processing), e.g.,
correlation between lines of a video signal is utilized as
shown in FIG. 7A. In the case of attempting to transmit
respective pictures PC1, PC2, PC3 . . . constituting a moving
picture at times t1,t2,t3 . . . | picture data to be transmission-
processed is caused to undergo one-dimensional coding, e.g.,
within the same scanning line, or a picture is divided into, e.g.,
aplurality of blocks to allow picture data of respective blocks
to undergo two-dimensional coding to thereby carry out data
compression, thus to improve transmission efficiency.

Moreover, in coding processing in the time axis direction
(hereinafter referred to as inter-frame coding processing),
inter-frame correlation of video signal is utilized to deter-
mine, by so called predictive coding, for example, picture
data PC12, PC23 . . . comprised of deficiencies (so called
predictive errors) of picture data every corresponding pixels
between adjacent pictures PC1 and PC2, PC2 and PC3 . . . in
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succession to transmit these picture data PC12, PC23, . . . to
thereby carry out data compression, thus to improve trans-
mission efficiency.

Thus, as compared to the case where all picture data of
pictures PC1, PC2, PC3 .. . are transmitted, a video signal can
be transmitted by extremely lesser data quantity.

Further, in the predictive coding in the above-described
inter-frame coding processing, motion compensated predic-
tion is used, e.g., in macro block units in order to further
improve efficiency. Namely, e.g., in the case where a person at
the central portion of picture moves, or the like, motion
(movement) of an object moving in the picture is detected to
correct position of picture data used for prediction in the
former picture by that motion to carry out predictive coding,
thereby making it possible to improve coding efficiency.
However, even when such motion compensated prediction is
employed, many data must be transmitted with respect to the
portion where an object moves and appears from behind. In
view of this, not only motion compensation in the above-
described forward direction, but also motion compensation in
backward direction or in both directions of forward and back-
ward directions are carried out in combination, thereby mak-
ing it possible to further improve coding efficiency.

In actual terms, as shown in FIG. 8A, in macro blocks of
frame data F0, F1, F2, F3 of the Oth, first, second, third . . .
frames of a video signal of moving picture to be transmitted,
in the case where there took place changes of pictures as
respectively indicated by motion vectors x0, x1, x2, x3 . . .
between frames in succession, device on the transmitter side
designates frames at intervals of a predetermined number of
frames (e.g., every other frame), i.e., second, fourth. . . frames
as interpolation frames to implement so called predetermined
interpolation frame processing to these interpolation frames
as shown in FIG. 8B to thereby generate transmit interpolated
frame data F2X, F4X . . . . Further, with respect to non-
interpolation frames, the device on the transmitting side
implements a predetermined coding processing to frame data
F1, F3 . . . to generate transmit non-interpolated frame data
FIX,F3X . ...

For example, difference SP2 (predictive error) between
motion compensated frame data F3 and F2, difference SP3
between motion compensated frame data F1 and F2, and
difference between frame data obtained by implementing
interpolation processing to motion compensated frame data
F1, F3 and frame data F2 are respectively determined in
macro block units to compare difference (data) SP1 of frame
data F2 and those differences. Then, data having minimum
data quantity generated of those data SP1~SP4 is caused to be
transmit interpolated data F2X in macro block units. Simi-
larly, transmit interpolated data F4X . . . with respect to
respective interpolation frames are generated. Further, e.g.,
DCT processing and variable length coding processing, etc.
are implemented to frame data F1, F3 . . . of non-interpolation
frames to generate transmit non-interpolated frame data F1X,
F3X....

The transmit non-interpolated frame data F1X,F3X. .. and
transmit interpolated frame data F2X,F4X . .. are transmitted
to the device on the receiving side as transmit data along with
motion vectors x0, x1,x3 .. ..

On the other hand, the device on the receiving side imple-
ments decoding processing corresponding to coding process-
ing on the transmitting side to transmit data (transmit non-
interpolated frame data F1X, F3X . . ., transmit interpolated
frame data F2X, F4X . . . , data of motion vectors x0, x1,
x3 . ..), thus to reproduce frame data FO, F1,F2, F3 .. .. As
a result, motion compensation is implemented not only in
forward direction but also in backward direction or in forward
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and backward directions, thereby making it possible to fur-
ther improve coding efficiency.

Picture encoding apparatus and picture decoding apparatus
having the above-described function will now be described.

This picture encoding apparatus comprises, as shown in
FIG. 9, a pre-processing circuit 61 for separating an input
video signal VD into luminance signal and color difference
signal, analog/digital (hereinafter referred to as A/D) convert-
ing circuits 62a, 62b for respectively converting the lumi-
nance signal and the color difference signal from the pre-
processing circuit 61 into digital signals, a frame memory
group 63 for storing luminance data and color difference data
(hereinafter referred to as picture data) from the A/D convert-
ing circuits 62a, 62b, a format converting circuit 64 for read-
ing out picture data from the frame memory group 63 in
accordance with block format, and an encoder 65 for imple-
menting efficient coding to picture data of block from the
format converting circuit 64.

In operation, pro-processing circuit 61 separates input
video signal VD into luminance signal and color difference
signal A/D converting circuits 62a, 62b respectively converts
luminance signal and color difference signal into luminance
data and color difference data each comprised of 8 bits. Frame
memory group 63 stores these luminance and color difference
data.

Format converting circuit 64 reads out, in accordance with
block format, picture data (luminance data, color difference
data) stored in the frame memory group 63. Encoder 65
encodes the picture data thus read out by a predetermined
efficient coding to output bit stream.

This bit stream is delivered to picture decoding apparatus
80 through transmission media 70 comprised of transmission
path or picture recording media such as, optical disc, mag-
netic disc or magnetic tape, etc.

This picture decoding apparatus 80 comprises, as shown in
the FIG. 9 mentioned above, decoder 81 corresponding to the
encoder 65, format converting circuit 82 for converting pic-
ture data reproduced by the decoder 81 into frame format,
frame memory groups 83 for storing picture data from the
format converting circuit 82, D/A converting circuits 84a, 84b
for converting luminance data, color difference data which
have been read out from the frame memory group 83 into
analog signals, and post-processing circuit 85 for mixing
luminance signal, color difference signal from the D/A con-
verting circuits 84a, 84b, thus to generate output video signal.

Decoder 81 decodes bit steam by decoding corresponding
to efficient coding of encoder 65 to reproduce picture data of
block format. Format converting circuit 82 converts this pic-
ture data into frame format to store it into frame memory
group 83.

D/A converting circuits 84a, 84b respectively convert
luminance data and color difference data which have been
read out from frame memory group 83 into luminance signal
and color difference signal. Post-processing circuit 81 mixes
these luminance signal and color difference signal, thus to
generate output video signal.

In actual terms, pre-processing circuit 61 and A/D convert-
ing circuits 62a, 62b convert luminance signal and cola dif-
ference signal into digital signal as described above to reduce
quantity of data so that the numbers of pixels become equal to
one half of those of luminance signal in upper and lower
directions and in left and right directions with respect to the
luminance signal thereafter to implement time axis multi-
plexing processing thereto to deliver luminance data and
color difference data thus obtained to frame memory group
63.
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From frame memory group 63, luminance data and color
difference data are read out in accordance with block format
as described above. Namely, e.g., picture data of one frame is
divided into N slices as shown in FIG. 10A. Each slice is
caused to include M macro blocks as shown in FIG. 10B.
Each macro block is composed of luminance dataY1,Y2,Y3,
Y4 of four luminance blocks consisting of 8x8 pixels adjacent
in upper and lower directions and in left and right directions
and color difference data Cb, Cr of color blocks consisting of
8x8 pixels in a range corresponding to these four luminance
blocks. From frame memory group 63, luminance data and
color difference data are read out so that picture data are
successive in macro block units within slice and are succes-
sive in order of Y1, Y2, Y3. Y4, Cb, Cr within macro block.
Picture data which have been read out in accordance with
block format in this way are delivered to encoder 65.

Encoder 65 comprises motion vector detecting circuit 101
as shown in FIG. 11. This motion vector detecting circuit 101
detects, in macro block units, motion vector of picture data
delivered thereto in accordance with block format. Namely,
motion vector detecting circuit 101 detects, in macro block
units, motion vector of current reference picture by forward
original picture and/or backward original picture stored in
frame memory group 83. Here, detection of motion vector is
carried out such that minimum one of absolute value sums of
differences between frames in macro block units is caused to
be corresponding motion vector. The motion vector thus
detected is delivered to motion compensating circuit 113,
etc., and intra-frame differences in macro block units are
delivered to intra-frame/forward/backward bidirectionally
predictive judging circuit 103.

This intra-frame/forward/backward/bidirectionally pre-
dictive judging circuit 103 determines predictive mode of
reference block on the basis of'this value to control predictive
coding circuit 104 so as to carry out switching of intra-frame/
forward/backward/bidirectional prediction in macro block
units. Predictive coding circuit 104 comprises adding circuits
104a, 104b, 104¢c and selecting (changeover) switch 104d,
and is operative so that when predictive coding mode is intra-
frame coding mode, it selects input picture itself, and when
predictive coding mode is forward/backward/bidirectionally
predictive mode, it selects differences (hereinafter referred to
as difference data) every pixels of input picture data with
respect to respective predictive pictures, thus to deliver the
selected data to DCT circuit 105.

DCT circuit 105 implements DCT processing to input pic-
ture data or difference data in block units by making use of the
two-dimensional correlation of video signal to deliver coef-
ficient data thus obtained to quantizing circuit 106.

The quantizing circuit 106 quantizes coefficient data by
using quantization step size (quantization scale) determined
every macro block or slice to deliver quantized data thus
obtained to variable length coding (hereinafter referred to as
VLC) circuit 107 and inverse quantizing circuit 10B. Mean-
while, quantization step size used for this quantization is
determined so as to take a value such that transmitting buffer
memory 109 which will be described later does not break by
providing feedback of buffer residual of transmitting buffer
109. This quantization step size is also delivered to VLC
circuit 107 and inverse quantizing circuit 10B.

VLC circuit 107 implements variable length coding to
quantized data along with quantization step size, predictive
mode and motion vector to deliver them to transmitting buffer
memory 109 as transmit data.

The transmitting buffer memory 109 temporarily stores
transmit data thereafter to read out it at a predetermined bit
rate to thereby smooth transmit data to output it as bit stream,
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and to feed quantization control signal in macro block units
back to quantizing circuit 108 in accordance with residual
data quantity remaining in the memory to control quantiza-
tion step size. Thus, transmitting buffer memory 109 adjusts
data quantity generated as bit stream to maintain data of
appropriate residual (remaining capacity) (data quantity such
that no overflow or underflow takes place) within the memory.
For example, when data residual of transmitting buffer
memory 109 increase to allowed upper limit, transmitting
buffer memory 109 allows quantization step size of quantiz-
ing circuit 108 to be large by quantization control signal, thus
to reduce data quantity of data. On the other hand, when data
residual of transmit buffer memory 109 decrease down to
allowed lower limit, transmitting buffer memory 109 allows
quantization step size of quantizing circuit 106 to be small by
quantization control signal to thereby increase data quantity.

In this way, bit stream outputted from buffer memory 109
is delivered to picture decoded unit 80 through transmission
media 79 comprised of a transmission path or a picture
recording medium such as optical disc, magnetic disc, or
magnetic tape etc. at a predetermined bit rate as described
above.

On the other hand, inverse quantizing circuit 108 inverse-
quantizes quantized data delivered from quantizing circuit
106 to reproduce coefficient data (quantization distortion is
added) corresponding to output of the about-described DCT
circuit 106 to deliver the coefficient data to Inverse Discrete
Cosine Transform (hereinafter referred to as IDCT) circuit
110.

The IDCT circuit 110 implements IDCT processing to the
coefficient data to reproduce picture data corresponding to
input picture data in the intra-frame coding mode, and to
reproduce difference data corresponding to output of predic-
tive coding circuit 104 in the forward/backward/bidirection-
ally predictive modes, thus to deliver it to adding circuit 111.

When predictive coding mode is the forward/backward/
bidirectionally predictive modes, the adding circuit 111 is
supplied with motion-compensated predictive picture data
from motion compensating circuit 113 which will be
described later to add the motion-compensated predictive
picture data and difference data to thereby reproduce picture
data corresponding to input picture data.

The picture data reproduced in this way is stored into frame
memory 112. Namely, inverse quantizing circuit 108~adding
circuit 111 constitute a local decoding circuit to locally
decode quantized data outputted from quantizing circuit 106
to write decoded picture thus obtained into frame memory
112 as forward predictive picture or backward predictive
picture. The frame memory 112 is comprised of a plurality of
frame memories. Bank switching of the frame memory is
carried out. In correspondence with picture to be encoded,
single frame is outputted as forward predictive picture data, or
is outputted as backward predictive picture data. Moreover, in
the case of bidirectional prediction, forward predictive pic-
ture data and backward predictive picture data are, e.g., aver-
aged. The averaged data thus obtained is outputted. These
predictive picture data are entirety the same pictures as pic-
tures reproduced by decoder 81 which will be described later.
Picture to be processed next is caused to undergo forward/
backward/bidirectional predictive coding on the basis of this
predictive picture.

Namely, picture data which has been read out from frame
memory 112 is delivered to motion compensating circuit 113.
This motion compensating circuit 113 implements motion
compensation to predictive picture data on the basis of motion
vector to deliver the motion-compensated predictive picture
datato predictive encoding circuit 104 and adding circuit 111.
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Decoder 81 will now be described.

To decoder 81, bit stream is inputted through transmission
media 70 is inputted. This bit stream is inputted to Variable
Length Decoding (Inverse Variable Length Coding) (herein-
after referred to as IVLC) through receiving buffer 201. The
IVLC circuit 202 reproduces quantized data, motion vector,
predictive mode and quantization step size, etc. from bit
stream. These quantized data and quantization step size are
delivered to inverse quantizing circuit 203. Motion vector is
delivered to motion compensating circuit 207, and predictive
mode is delivered to adding circuit 205.

The operation of inverse quantizing circuit 203~adding
circuit 205 is the same as that of local decoding circuit of
encoder 61, the operations of frame memory group 206,
motion compensating circuit 207 are respectively the same as
those of frame memory 112 and motion compensating circuit
113 of encoder 61. On the basis of quantized data, motion
vector, predictive mode, quantization step size, decoding is
carried out. As a result, reproduction picture data is outputted
from adding circuit 205.

As described above, in the conventional apparatus, coding
bit rate of bit stream generated at encoder 65 is caused to be
fixed in correspondence with transfer rate of transmission
media 70. Under this limitation, quantity of data generated,
i.e., quantization step size of quantizing circuit 106 in encoder
65 was controlled. In other words, for example, a control was
conducted such that when pictures of complicated pattern are
successive, quantization step size is caused to be larger to
suppress quantity of data generated, while when simple pat-
terns are successive, quantization step size is caused to be
smaller to increase quantity of data generated so that buffer
memory 109 does not produce overflow or undertlow, thus to
maintain a fixed rate.

Accordingly, in the conventional apparatus, when compli-
cated pictures are successive, quantization step size is caused
to be larger, so picture quality is deteriorated, while when
simple pictures are successive, quantization step size is
caused to be smaller. As a result, uniform picture quality
cannot be obtained through the entirety.

In addition, in the case of recording bit stream onto a
picture recording medium of a limited data capacity, in order
to avoid extreme deterioration of picture quality with respect
to pictures of complicated pattern, a fixed rate of high rate
such that picture quality of such complicated picture is not
injured must be applied to the entirety, resulting in decreased
recording time.

DISCLOSURE OF THE INVENTION

In order to solve the above-described problem, a first pic-
ture encoding method according to this invention comprises
the steps of encoding at least a portion of an input video signal
to generate first encoded data, determining an encoding rate
every predetermined time on the basis of data quantity every
predetermined time of the first encoded data and total quan-
tity of usable data, and encoding the input video signal every
predetermined time on the basis of the encoding rate to gen-
erate second encoded data.

A second picture encoding method according to this inven-
tion is characterized in that, in the first picture encoding
method, at least a portion of the input video signal is quan-
tized by a fixed quantization step size to generate the first
encoded data.

A third picture encoding method according to this inven-
tion is characterized in that, in the first picture encoding
method, the total quantity of usable data is proportionally
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allocated in accordance with data quantity every predeter-
mined time, thus to determine the encoding rate every prede-
termined time.

A fourth picture encoding method according to this inven-
tion comprises the steps of implementing a predetermined
predictive encoding or a predetermined transform encoding
to at least a portion of an input video signal to generate first
coefficient data, quantizing the first coefficient data by a fixed
step size to generate first quantized data, allowing the first
quantized data to undergo variable length encoding to gener-
ate a first bit stream, determining an encoding rate every
predetermined time on the basis of data quantity of the first bit
stream and total quantity of usable data, implementing the
predetermined predictive encoding and/or the predetermined
transform encoding to the input video signal to generate sec-
ond coefficient data, quantizing the second coefficient data by
a quantization step size based on the encoding rate every
predetermined time to generate second quantized data, and
allowing the second quantized data to undergo variable length
encoding to generate a second bit stream.

A fitth picture encoding method according to this invention
is characterized in that, in the fourth picture encoding
method, the encoding rate is determined every one frame on
the basis of data quantity every one frame in the first bit
stream and total quantity of usable data.

A sixth picture encoding method according to this inven-
tion is characterized in that, in the fourth picture encoding
method, the encoding rate is determined every GOP on the
basis of data quantity of at least a potion every GOP consist-
ing of a plurality of frames in the first bit stream and total
quantity of usable data.

A seventh picture encoding method according to this
invention is characterized in that, in the sixth picture encoding
method, encoding rate every GOP is determined on the basis
of data quantity with respect to intra-frame encoded picture
and forward predictive encoded picture in the GOP.

An eighth picture encoding method according to this
invention is characterized in that, in the fourth picture encod-
ing method, the total quantity ofusable data is proportionally
allocated in dependency upon data quantity of the first bit
stream every predetermined time to determine an encoding
rate every predetermined time.

A ninth picture encoding method according to this inven-
tion comprises the steps of determining difficulty of encoding
every predetermined picture unit of an input video signal,
setting an encoding rate every predetermined picture unit on
the basis of the difficulty of encoding and total quantity of
usable data, and implementing encoding to the input video
signal so that encoding rates of respective picture units are in
correspondence with the set encoding rate every picture unit.

A tenth picture encoding method according to this inven-
tion is characterized in that, in the ninth picture encoding
method, the predetermined picture unit is frame.

An eleventh picture encoding method according to this
invention is characterized in that, in the ninth picture encod-
ing method, the predetermined picture unit is GOP consisting
of a plurality of frames.

A twelfth picture encoding method according to this inven-
tion is characterized in that, in the ninth picture encoding
method, a predetermined predictive encoding and/or a prede-
termined transform encoding is implemented to at least a
portion ofthe input video signal to generate coefficient datato
quantize the coefficient data by a fixed quantization step size
to thereby determine difficulty of encoding.

A first picture encoding apparatus according to this inven-
tion comprises first encoding means for encoding at least a
portion of an input video signal to generate first encoded data;

20

25

30

35

40

45

50

55

60

65

8

encoding control means for determining an encoding rate
every predetermined time on the basis of data quantity every
predetermined time of the first encoded data from the first
encoding means and total quantity of usable data; and second
encoding means for encoding the input video signal every
predetermined time on the basis of the encoding rate every
predetermined time from encoding control means to generate
second encoded data.

A second picture encoding apparatus according to this
invention is characterized in that, in the first picture encoding
apparatus, the first encoding means comprises quantizing
means for quantizing at least a portion of the input video
signal by a fixed quantization step size.

A third picture encoding apparatus according to this inven-
tion is characterized in that, in the first picture encoding
apparatus, the encoding control means is operative to propor-
tionally allocate the total quantity of usable data in depen-
dency upon data quantity every predetermined time, thus to
determine an encoding rate every predetermined time.

A fourth picture encoding apparatus according to this
invention comprises first encoding means for implementing a
predetermined predictive encoding and/or a predetermined
transform encoding to at least a portion of an input video
signal to generate first coefficient data; first quantizing means
for quantizing the first coefficient data from the first encoding
means by a fixed quantization step size to generate first quan-
tized data; first variable length encoding means for allowing
the quantized data from the first quantizing means to undergo
variable length encoding to generate a first bit stream; encod-
ing control means for determining an encoding rate every
predetermined time on the basis of data quantity of the first bit
stream from the first variable length encoding means and total
quantity of usable data; second encoding means for imple-
menting the predetermined predictive encoding and/or the
predictive transform encoding to the input video signal to
generate second coefficient data; second quantizing means
for quantizing the second coefficient data from the second
encoding means by a quantization step size based on the
encoding rate every predetermined time from the encoding
control means to generate second quantized data; and second
variable length encoding means for allowing the second
quantized data from the second quantizing means to undergo
variable length encoding to generate a second bit stream.

A fifth picture encoding apparatus according to this inven-
tion is characterized in that, in the fourth picture encoding
apparatus, the encoding control means determines the encod-
ing rate every one frame on the basis of data quantity every
one frame in the first bit stream and total quantity of usable
data.

A sixth picture encoding apparatus according to this inven-
tion is characterized in that, in the fourth picture encoding
apparatus, the encoding control means determines the encod-
ing rate every GOP on the basis of data quantity of at least a
portion every GOP consisting of a plurality of frames in the
first bit stream and total quantity of usable data

A seventh picture encoding apparatus according to this
invention is characterized in that, in the sixth picture encoding
apparatus, the encoding control means determines an encod-
ing rate every GOP on the basis of data quantity with respect
to intra-frame encoded picture and forward predictive
encoded picture in the GOP.

An eighth picture encoding apparatus according to this
invention is characterized in that, in the fourth picture encod-
ing apparatus, the encoding control means proportionally
allocate the total quantity of usable data in dependency upon
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data quantity of the first bit stream every predetermined time,
thus to determine the encoding rate every predetermined
time.

A ninth picture encoding apparatus according to this inven-
tion comprises difficulty calculating means for calculating
(determining) difficult of encoding every predetermined pic-
ture unit of an input video signal; encoding rate setting means
for setting an encoding rate every predetermined picture unit
on the basis of the difficulty of encoding from the difficulty
calculating means and total quantity of usable data; and
encoding means for allowing the input video signal to
undergo encoding so that encoding rates of respective picture
units are in correspondence with the encoding rate every
picture unit set by the encoding rate setting means.

A tenth picture encoding apparatus according to this inven-
tion is characterized in that, in the ninth picture encoding
apparatus, the difficulty calculating means determines diffi-
culty of encoding every frame.

An eleventh picture encoding apparatus according to this
invention is characterized in that, in the ninth picture encod-
ing apparatus, the difficulty calculating means determines
difficulty of encoding every GOP consisting of a plurality of
frames.

A twelfth picture encoding apparatus according to this
invention is characterized in that, in the ninth picture encod-
ing apparatus, the difficulty calculating means implements a
predetermined predictive encoding and/or a predetermined
transform encoding to at least a portion of the input video
signal to generate coefficient data, and to quantize the coef-
ficient data by a fixed step size to thereby calculate (deter-
mine) difficulty of encoding.

A first picture recording medium according to this inven-
tion is characterized in that there is recorded a second bit
stream obtained by encoding at least a portion of an input
video signal to generate first encoded data to determine an
encoding rate every predetermined time on the basis of data
quantity every predetermined time of the first encoded data
and total quantity of usable data to encode the input video
signal every predetermined time on the basis of the encoding
rate.

A second picture recording medium according to this
invention is characterized in that there is recorded a second bit
stream obtained by implementing a predetermined predictive
encoding and/or a predetermined transform encoding to at
least a portion of an input video signal to generate first coef-
ficient data to quantize the first coefficient data by a fixed
quantization step size to generate first quantized data to allow
the first quantized data to undergo variable length encoding to
generate a first bit stream to determine an encoding rate every
predetermined time on the basis of data quantity of the first bit
stream and total quantity of usable data to implement the
predetermined predictive encoding and/or the predetermined
transform encoding to the input video signal to generate sec-
ond coefficient data to quantize the second coefficient data by
a quantization step size based on the encoding rate every
predetermined time to generate second quantized data to
allow the second quantized data to undergo variable length
encoding.

A third picture recording medium according to this inven-
tion is characterized in that there is recorded encoded data
obtained by determining difficulty of encoding every prede-
termined picture unit of an input video signal to set encoding
rate every predetermined picture unit on the basis of the
difficulty of encoding and total quantity of usable data to
encode the input video signal so that encoding rates of respec-
tive picture units are in correspondence with the set encoding
rate every picture unit.
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In accordance with the first picture encoding method
according to this invention, encoding rate every predeter-
mined time is determined on the basis of data quantity every
predetermined time of first encoded data obtained by encod-
ing at least a portion of an input video signal and total quantity
of'usable data to encode the input video signal every prede-
termined time on the basis of the encoded rate to generate
second encoded data.

In accordance with the second picture encoding method
according to this invention, in the first picture encoding
method, at least a portion of input video signal is quantized by
fixed quantization step size to thereby generate the first
encoded data to determine the encoding rate to encode the
input video signal every predetermined time on the basis of
the encoding rate to generate second encoded data.

In accordance with the third picture encoding method
according to this invention, in the first picture encoding
method, the total quantity of usable data is proportionally
allocated in dependency upon data quantity every predeter-
mined time to determine encoding rate every predetermined
time to encode the input video signal every predetermined
time on the basis of the encoding rate to generate second
encoded data.

In accordance with the fourth picture encoding method
according to this invention, predetermined predictive encod-
ing and/or predetermined transform encoding processing,
and quantization processing and variable length encoding
processing at fixed quantization step size are implemented to
at least a portion of an input video signal to generate first bit
stream to determine encoding rate every predetermined time
on the basis of data quantity of the first bit stream and total
quantity of usable data. Then, predetermined predictive
encoding and/or predetermined transform encoding process-
ing, and quantization processing and variable length encod-
ing processing by quantization step size based on encoding
rate every predetermined time are implemented to input video
signal, thus to generate second bit stream.

In accordance with the fifth picture encoding method
according to this invention, in the fourth picture encoding
method, the encoding rate is determined every one frame on
the basis of data quantity every one frame in the first bit
stream and total quantity of usable data. Then, predetermined
predictive encoding and/or predetermined transform encod-
ing processing, and quantization processing and variable
length encoding processing at quantization step size based on
encoding rate every one frame are implemented to input video
signal, thus to generate second bit stream.

In accordance with the sixth picture encoding method
according to this invention, in the fourth picture encoding
method, the encoding rate is determined every GOP on the
basis of data quantity of at least a portion every GOP consist-
ing of a plurality of frames in the first bit stream and total
quantity of usable data. Then, predetermined predictive
encoding and/or predetermined transform encoding process-
ing, and quantization processing and variable length encod-
ing processing at quantization step size base on encoding rate
every GOP are implemented to input video signal, thus to
generate second bit stream.

In accordance with the seventh picture encoding method
according to this invention, in the sixth picture encoding
method, encoding rate every GOP is determined on the basis
of data quantity with respect to intra-frame encoded picture
and forward predictive encoded picture in the GOP. Then,
predetermined predictive encoding and/or predetermined
transform encoding processing, quantization processing at
quantization step based on encoding rate every GOP and
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variable length encoding processing are implemented to input
video signal, thus to generate second bit stream.

In accordance with the eighth encoding method according
to this invention, in the fourth picture encoding method, the
total quantity of usable data is proportionally allocated in
dependency upon data quantity of the first bit stream every
predetermined time to determine the encoding rate every
predetermined time. Then, predetermined predictive encod-
ing and/or predetermined transform encoding processing,
quantization processing at quantization step size based on
encoding rate every predetermined time and variable length
encoding processing are implemented to input video signal,
thus to generate second bit stream.

In accordance with the ninth picture encoding method
according to this invention, difficulty of encoding every pre-
determined picture unit of input video signal is determined to
set encoding rate every predetermined picture unit on the
basis of the difficulty of encoding and total quantity of usable
data. Then, the input video signal is encoded so that the
encoding rates of respective picture units are in correspon-
dence with the set encoding rate every picture unit.

In accordance with the tenth picture encoding method
according to this invention, in the ninth picture encoding
method, difficulty of encoding is determined every frame of
input video signal to determine the encoding rate every frame.
Then, the input video signal is encoded so that encoding rates
of respective frames are in correspondence with the set
encoding rate every frame.

In accordance with the eleventh picture encoding method,
in the ninth picture encoding method, difficulty of encoding is
determined every GOP of input video signal to determine the
encoding rate every GOP. Then, the input video signal is
encoded so that encoding rates of GOPs are in correspon-
dence with the set encoding rate every GOP.

In accordance with the twelfth encoding method according
to this invention, in the ninth picture encoding method, coef-
ficient data obtained by implementing predetermined predic-
tive encoding and/or predetermined transform encoding to at
least a portion of input video signal is quantized at fixed
quantization step size to thereby determine difficulty. Then,
the input video signal is encoded so that encoding rates of
respective picture units are in correspondence with the set
encoding rate every picture unit.

Further, in accordance with the first picture encoding appa-
ratus according to this invention, encoding rate every prede-
termined time is determined on the basis of data quantity
every predetermined time of first encoded data obtained by
encoding at least a portion of input video signal and total
quantity of usable data to encode the input video signal every
predetermined time on the basis of the encoding rate, thus to
generate second encoded data.

In accordance with the second picture encoding apparatus
according to this invention, in the first picture encoding appa-
ratus, at least a portion of input video signal is quantized at
fixed quantization step size to thereby generate the first
encoded data to determine the encoding rate to encode the
input video signal every predetermined time on the basis of
the encoding rate, thus to generate second encoded data

In accordance with the third picture encoding apparatus
according to this invention, in the first picture encoding appa-
ratus, the total quantity of usable data is proportionally allo-
cated in dependency upon the data quantity every predeter-
mined time to determine the encoding rate every
predetermined time to encode the input video signal every
predetermined time on the basis of the encoding rate, thus to
generate second encoded data.
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In accordance with the fourth picture encoding apparatus
according to this invention, predetermined predictive encod-
ing and/or predetermined transform encoding processing,
and quantization processing at fixed quantization step size
and variable length encoding processing are implemented to
at least a portion of input video signal to generate first bit
stream to determine encoding rate every predetermined time
on the basis of data quantity of the first bit stream and total
quantity of usable data. Then, predetermined predictive
encoding and/or predetermined transform encoding process-
ing, and quantization processing and variable length encod-
ing processing at quantization step size based on encoding
rate every predetermined time, thus to generate second bit
stream.

In accordance with the fifth picture encoding apparatus
according to this invention, in the fourth picture encoding
apparatus, the encoding rate is determined every one frame on
the basis of data quantity every one frame in the first bit
stream and total quantity of usable data. Then, predetermined
predictive encoding and/or predictive transform processing,
and quantization processing at quantization step size based on
encoding rate every one frame and variable length encoding
processing are implemented to input video signal, thus to
generate second bit stream.

In accordance with the sixth picture encoding apparatus
according to this invention, in the fourth picture encoding
apparatus, the encoding rate is determined every GOP on the
basis of data quantity of at least a portion every GOP consist-
ing of a plurality of frames in the first bit stream and total
quantity of usable data. Then, predetermined predictive
encoding and/or predetermined transform encoding process-
ing, quantization processing at quantization step size based
on encoding rate every GOP and variable length encoding
processing are implemented to input video signal to generate
second bit stream.

In accordance with the seventh picture encoding apparatus
according to this invention, in the sixth picture encoding
apparatus, the encoding rate every GOP is determined on the
basis of data quantity with respect to intra-frame encoded
picture and forward predictive encoded picture in the GOP.
Then, predetermined predictive encoding and/or predeter-
mined transform encoding processing, quantization process-
ing at quantization step size based on encoding rate every
GOP and variable length encoding processing are imple-
mented to input video signal, thus to generate second bit
stream.

In accordance with the eighth picture encoding apparatus
according to this invention, in the fourth picture encoding
apparatus, the total quantity of usable data is proportionally
allocated in dependency upon data quantity of the first bit
stream every predetermined time to determine the encoding
rate every predetermined time. Then, predetermined predic-
tive encoding and/or predetermined transform encoding pro-
cessing, quantization processing at quantization step size
based on encoding rate every predetermined time and vari-
able length encoding processing are implemented to input
video signal, thus to generate second bit stream.

In accordance with the ninth picture encoding apparatus
according to this invention, difficulty of encoding is deter-
mined every predetermined picture unit of input video signal
to set encoding rate every predetermined picture unit on the
basis of the difficulty of encoding and total quantity of usable
data. Then, the input video signal is encoded so that encoding
rates of respective picture units are in correspondence with
the set encoding rate every picture unit.

In accordance with the tenth picture encoding apparatus
according to this invention, in the ninth picture encoding
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apparatus, difficulty of encoding is determined every frame of
input video signal to determine the encoding rate every frame.
Then, the input video signal is encoded so that encoding rates
of respective frames are in correspondence with the set
encoding rate every frame.

Inaccordance with the eleventh picture encoding apparatus
according to this invention, in the ninth picture encoding
apparatus, difficulty of encoding is determined every GOP of
input video signal to determine the encoding rate every GOP.
Then, the input video signal is encoded so that encoding rates
of respective GOPs are in correspondence with the set encod-
ing rate every GOP.

In accordance with the twelfth picture encoding apparatus
according to this invention, in the ninth picture encoding
apparatus, coefficient data obtained by implementing prede-
termined predictive encoding and/or predetermined trans-
form encoding to at least a portion of input video signal is
quantized at fixed quantization step size to thereby the deter-
mine difficulty of encoding. Then, the input video signal is
encoded so that encoding rates of respective picture units are
in correspondence with the set encoding rate every picture
unit.

In addition, in accordance with the first picture recording
medium according to this invention, there is recorded second
bit stream obtained by determining encoding rate every pre-
determined time on the basis of data quantity every predeter-
mined time of first encoded data obtained by encoding at least
a portion of input video signal and total quantity of usable
data to encode the input video signal every predetermined
time on the basis of the encoding rate.

In accordance with the second picture recording medium
according to this invention, there is recorded second bit
stream obtained by implementing predetermined predictive
encoding and/or predetermined transform encoding process-
ing, and quantization processing and variable length encod-
ing processing at fixed quantization step size to generate first
bit stream to determine encoding rate every predetermined
time on the basis of data quantity of the first bit stream and
total quantity of usable data to implement predetermined
predictive encoding and/or predetermined transform encod-
ing processing, and quantization processing and variable
length encoding processing at quantization step size based on
encoding rate every predetermined time to the input video
signal.

In accordance with the third picture recording medium
according to this invention, there is recorded encoded data
obtained by determining difficulty of encoding every prede-
termined picture unit of input video signal to set encoding rate
every predetermined picture unit on the basis of the difficulty
of encoding and total quantity of usable data to encode the
input video signal so that encoding rates of respective picture
units are in correspondence with the set encoding rate every
picture unit.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG.11s ablock diagram showing a circuit configuration of
the essential part of a picture encoding apparatus to which this
invention is applied.

FIG. 2 is a flowchart for explaining the operation of first
encoding circuit constituting the above-mentioned picture
encoding apparatus.

FIG. 3 is a flowchart for explaining the operation of second
encoding circuit constituting the above-mentioned picture
encoding apparatus.

FIG. 4 is a view showing respective pictures for explaining
the configuration of GOP in MPEG.
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FIG. 5 is a view showing respective pictures for explaining
encoding control signal every GOP.

FIG. 6 is a flowchart for explaining the operation of the
second encoding circuit constituting the above-mentioned
picture encoding apparatus.

FIG. 7 is a view showing picture for explaining the prin-
ciple of predictive encoding.

FIG. 8 is a view showing picture for explaining the prin-
ciple of motion compensated predictive encoding.

FIG. 9 is a block diagram showing the configuration of
picture encoding apparatus (unit) and picture decoding appa-
ratus (unit) which are related to this invention.

FIG. 10 is a view showing the configuration of frame,
macro block and slice.

FIG. 11 is a block diagram showing a circuit configuration
of conventional encoder.

FIG. 12 is a block diagram showing a circuit configuration
of conventional decoder.

BEST MODE FOR CARRYING OUT THE
INVENTION

An embodiment of a picture encoding method, a picture
encoding apparatus and a picture recording medium accord-
ing to this invention will now be described with reference to
the attached drawings.

A picture encoding apparatus to which this invention is
applied comprises, as shown in FIG. 1, for example, a first
encoding circuit 10 for encoding an input video signal to
generate first encoded data, an encoding control circuit 30 for
determining encoding rate every predetermined time on the
basis of data quantity every predetermined time of the first
encoded data from the first encoding circuit 10 and total
quantity of usable data, and a second encoding circuit 40 for
encoding the input video signal every predetermined time on
the basis of the encoding rate from the encoding control
circuit 30 to generate second encoded data.

More particularly, the first encoding circuit 10 comprises,
as shown in the FIG. 1 mentioned above, a frame memory
group 12 for storing input picture data which is input video
signal, a motion vector detecting circuit 11 for detecting
motion vector of input picture data from input picture data on
the basis of picture data stored in the frame memory group 12,
a frame memory 22 for storing predictive picture data, a
motion compensating circuit 23 for implementing motion
compensation to predictive picture data which has been read
out from the frame memory 22 on the basis of motion vector
from the motion vector detecting circuit 11, a predictive
encoding circuit 14 for predictive-encoding input picture data
on the basis of motion-compensated predictive picture data
from the motion compensating circuit 23, a DCT circuit 15
for implementing encoding, e.g., Discrete Cosine Transform
(hereinafter referred to as DCT) processing to differences,
etc. which are predictive errors from the predictive encoding
circuit 14 to generate coefficient data, a quantizing circuit 18
for quantizing coefficient data from the DCT circuit 15 at a
fixed quantization step size to generate quantized data, a
Variable Length Code (hereinafter referred to as VL.C) circuit
17 for allowing quantized data from the quantizing circuit 18
to undergo variable length encoding to output variable length
encoded data, an inverse quantizing circuit 18 for inverse-
quantizing quantized data from the quantizing circuit 16 to
reproduce coefficient data, an Inverse Discrete Cosine Trans-
form (hereinafter referred to as IDCT) circuit 20 for imple-
menting decoding, e.g., IDCT processing to coefficient data
from the inverse quantizing circuit 18, and an adding circuit
21 for adding difference from the IDCT circuit 20 and
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motion-compensated predictive picture data from the motion
compensating circuit 23 to generate predictive picture data
with respect to the next input picture data to deliver the
predictive picture data to the frame memory 22.

Moreover, the second encoding circuit comprises, as
shown in the FIG. 1 mentioned above, a delay element 43 for
delaying input picture data, a frame memory 52 for storing
predictive picture data, a motion compensating circuit 53 for
implementing motion compensation to predictive picture
data which has been read out from the frame memory 52 on
the basis of motion vector from the motion vector detecting
circuit 11, a predictive encoding circuit 44 for predictive-
encoding input picture data delayed at the delay element 43
on the basis of the motion compensated predictive picture
data from the motion compensating circuit 53, a DCT circuit
45 for implementing encoding, e.g., DCT processing to dif-
ference, etc. from the predictive encoding circuit 44 to gen-
erate coefficient data, a quantization scale setting circuit 33
for setting quantization step size on the basis of encoding rate
from the encoding control circuit 30, a quantizing circuit 46
for quantizing coefficient data from the DCT circuit 45 at
quantization step size from the quantization scale setting
circuit 33, a VLC circuit for allowing quantized data from the
quantizing circuit 46 to undergo variable length encoding to
output variable length encoded data, a transmitting buffer
memory 49 for temporarily storing variable length encoded
data from the VLC circuit 47 to output it at a fixed bit rate, an
inverse quantizing circuit 48 for inverse-quantizing quantized
data from the quantizing circuit 46 to reproduce coefficient
data, an IDCT circuit 50 for implementing decoding, e.g.,
IDCT processing to the coefficient data from the inverse
quantizing circuit 48 to reproduce the difference, and an
adding circuit 51 for adding difference from the IDCT circuit
50 and the motion-compensated predictive picture data from
the motion compensating circuit 53 to generate predictive
picture data with respect to the next input picture data to
deliver the predictive picture data to the frame memory 52.

In this picture encoding apparatus, by the first encoding
circuit 10, encoding processing, e.g., predictive encoding
processing, DCT processing, quantization processing at fixed
quantization step size and variable length encoding process-
ing are implemented to input picture data. By encoding con-
trol circuit 30, encoding bit rate is determined on the basis of
data quantity every predetermined time of variable length
encoded data which is the first bit stream obtained and data
capacity of picture recording medium 55, e.g., comprised of
optical disc, magnetic disc or magnetic tape, etc. or total
quantity of usable data determined by bit rate of transmission
path (transfer rate). Thereafter, by second encoding circuit 40,
predictive encoding processing, DCT processing, quantiza-
tion processing and variable length encoding processing are
implemented to input picture data for a second time. In gen-
erating variable length encoded data which is second bit
stream, quantization is made by quantization step size based
on encoding bit rate.

Namely, in this picture encoding apparatus, as shown in
FIG. 2, for example, at step ST1, quantizing circuit 16 of first
encoding circuit 10 sets quantization step size to, e.g., 1 to
quantize coefficient data delivered from DCT circuit 15 to
generate quantized data. Counter 31 of encoding control cir-
cuit 30 counts data quantity of variable length encoded data
(first bit stream) obtained by allowing the quantized data to
undergo variable length encoding every predetermined time,
e.g., one frame to determine, every frame, quantity of code
generated indicating difficulty of encoding.
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At step ST2, bit rate calculating circuit 32 determines
allocated code quantity allocated every frame on the basis of
difficulty (quantity of code generated) every frame and total
quantity of usable data.

At step ST3, quantizing circuit 46 of second encoding
circuit 40 quantizes coefficient data delivered from DCT cir-
cuit 45 by quantization step size based on allocated code
quantity to generate quantized data.

In actual terms, inputted picture data is temporarily stored
into frame memory group 12. From the frame memory group
12, that picture data is read out in accordance with block
format as described in the prior art.

Motion vector detecting circuit 11 reads out necessary
picture data from frame memory group 12 in macro block
units described above to detect motion vector. Namely,
motion vector detecting circuit 11 detects, in macro block
units, motion vector of current reference picture by using
forward original picture and/or backward original picture
stored in frame memory group 12. Here, detection of motion
vector is carried out such that a motion vector in which, e.g.,
absolute value sum of differences between frames in macro
block units becomes minimum is caused to be corresponding
motion vector. The detected motion vector is delivered to
motion compensating circuits 23, 53, etc., and absolute value
sum of differences between frames in macro block units is
delivered to intra-frame/forward/backward/bidirectionally
predictive judging circuit 13.

The intra-frame/forward/backward/bidirectionally predic-
tive judging circuit 13 determines predictive mode on the
basis of the above value to control predictive encoding circuit
14 so as to carry out switching of intra-frame/forward/back-
ward/bidirectional prediction in block units.

The predictive encoding circuit 14 comprises, as shown in
FIG. 1 mentioned above, adding circuits 14a, 14b, 14¢ and
selecting (changeover) switch 14d. When predictive encod-
ing mode is intra-frame encoding mode, the selecting switch
14d select input picture data itself, and when predictive
encoding mode is forward/backward/bidirectionally predic-
tive mode, it selects differences (hereinafter referred to as
difference data) every pixels of input picture data with respect
to respective predictive pictures. Then, the selecting switch
14d delivers selected data to DCT circuit 15.

The DCT circuit 15 implements, in block units, DCT pro-
cessing to input picture data or difference data delivered from
selecting switch 14d by making use of the two-dimensional
correlation of video signal to deliver coefficient data thus
obtained to quantizing circuit 16.

The quantizing circuit 16 quantizes coefficient data deliv-
ered from DCT circuit 15 at a fixed quantization step size,
e.g., with quantization step size being set to 1 to deliver
quantized data thus obtained to VLC circuit 17 and inverse
quantizing circuit 18.

The VLC circuit 17 carries out variable length encoding of
quantized data along with quantization step size, predictive
mode, and motion vector, etc. to deliver variable length
encoded data obtained to encoding control circuit 30 as a first
bit stream.

The encoding control circuit 30 comprises, as shown in the
FIG. 1 mentioned above, counter 31 for counting data quan-
tity every predetermined time of variable length encoded data
from the VL.C circuit 17, and bit rate calculating circuit 32 for
calculating (determining) allocated code quantity per unit
time on the basis of data quantity from the counter 31 and total
quantity of usable data. The counter 31 counts data quantity of
the first bit stream every predetermined time, e.g., every one
frame to determine (calculates) difficulty every frame to
deliver this difficulty to bit rate calculating circuit 32.
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The bit rate calculating circuit 32 calculates (determines)
allocated code quantity allocated every frame, i.e., mean
encoding rate every frame time on the basis of difficulty every
frame and total quantity of usable data, and delivers this
allocated code quantity to quantization scale setting circuit 33
of second encoding circuit 40.

In actual terms, bit rate calculating circuit 32 performs the
following calculation. Namely, assuming now that the num-
ber of all frames is N, total quantity of usable data is B,
difficulty of the 1 (i=0, 1, 2, . . . N=1)-th frame is d,, and
allocated code quantity with respect to the i-th frame is b,,
when this allocated code quantity b, is caused to be propor-
tional to difficulty d, as indicated by the following formula
(1), data total quantity B can be calculated by adding allo-
cated code quantities b, of all frames as indicated by the
following formula (2). In the formula, a represents constant.

b=axd; ®

@

Accordingly, constant a can be calculated by the following
formula (3). When substitution of this constant a into the
formula (1) is made, allocated code quantity b, with respect to
the i-th frame can be calculated by the following formula (4).

B ©)

)

Thus, bit rate calculating circuit 32 increases allocated
code quantity b, with respect to frame of picture of compli-
cated pattern, for example, and decreases allocated code
quantity b, with respect to frame of simple pattern.

On the other hand, inverse quantizing circuit 18 inverse-
quantizes quantized data delivered from quantizing circuit 16
at quantization step size caused to be set to 1 to reproduce
coefficient data (quantization distortion is added) corre-
sponding to output of DCT circuit 15 to deliver that coeffi-
cient data to IDCT circuit 20.

The IDCT circuit 20 implements IDCT processing to coet-
ficient data to reproduce input picture data corresponding to
output of predictive encoding circuit 14 in the intra-frame
encoding mode, and reproduces difference data in the for-
ward/backward/bidirectionally predictive mode, thus to
deliver reproduced data to adding circuit 21.

The adding circuit 21 is supplied, when predictive encod-
ing mode is forward/backward/bidirectionally predictive
mode, with motion-compensated predictive picture data from
motion compensating circuit 23. The adding circuit 21 adds
this predictive picture data and difference data delivered from
IDCT circuit 20 to thereby reproduce picture data corre-
sponding to input picture data.
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The picture data reproduced in this way is stored into frame
memory 22 as predictive picture data. Namely, inverse quan-
tizing circuit 18~adding circuit 21 constitute a local decoding
circuit to locally decode quantized data outputted from quan-
tizing circuit 18 on the basis of predictive mode to write
decoded picture obtained into frame memory 22 as forward
predictive picture or backward predictive picture. Frame
memory 22 is composed of a plurality of frame memories.
Bank switching of frame memory is carried out. In depen-
dency upon picture to be encoded, e.g., single frame is out-
putted as forward predictive picture data, or is outputted as
backward predictive picture data. Further, in the case of for-
ward/backward/bidirectional prediction, forward predictive
picture data and backward predictive picture data are, e.g.,
averaged and the averaged data is outputted. These predictive
picture data are entirely the same picture data as picture data
reproduced by picture decoding apparatus which will be
described later. Picture to be processed next is caused to
undergo forward/backward/bidirectionally encoding on the
basis of this predictive picture.

The operation of second encoding circuit 40 will now be
described. It is to be noted that since circuits except for
quantization scale setting circuit 33, delay element 43, quan-
tizing circuit 48, and transmitting buffer 49 constituting sec-
ond encoding circuit 40 perform the same operations as those
of circuits constituting the above-described first encoding
circuit 10, their explanation is omitted.

Delay element 43 delays input picture data, e.g., by time
until encoding control signal is outputted from encoding con-
trol circuit 30. Then, at predictive encoding circuit 44 and
DCT circuit 45, predictive encoding processing and DCT
processing which are in accordance with predictive mode
delivered from intra-frame/forward/backward/bidirection-
ally predictive judging circuit 13 are implemented to the
delayed input picture data. Thus, coefficient data is generated.

Quantization scale setting circuit 33 determines (calcu-
lates) allocated code quantity every macro block (e.g., value
obtained by dividing allocated code quantity every frame by
the number of macro blocks in one frame) from delivered
allocated code quantity every frame to carry out comparison
between code quantity generated in a macro block which is
detected from buffer feedback from transmitting buffer 49
and allocated code quantity every macro block. The quanti-
zation scale setting circuit 33 operates as follows so as to
allow encoding bit rates of respective frames to become close
to set mean encoding bit rate every frame time. Namely, in the
case where code quantity generated in corresponding macro
block is greater than allocated code quantity every macro
block, the circuit 33 sets quantization step size of next macro
block to a greater value in order to suppress code quantity
generated by the next macro block. In contrast, in the case
where code quantity generated in corresponding macro block
is smaller than allocated code quantity every macro block, the
circuit 33 sets quantization step size of next macro blockto a
smaller value so as to increase code quantity generated. It
should be noted that quantization scale setting circuit 33 is
operative so that in the case where buffer feedback from
transmitting buffer 49 indicates that transmitting buffer 49 is
in a state close to overflow state, it allows quantization step
size to be larger to suppress overtlow irrespective of compari-
son result between the allocated code quantity and code quan-
tity generated, while in the case where buffer feedback from
the transmitting buffer 49 indicates that transmitting butfer 49
is in a state close to underflow state, it allows quantization
step to be smaller to suppress underflow irrespective of com-
parison result between the allocated code quantity and code
quantity generated. While it has been described that compari-
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son between code quantity generated and allocated code
quantity is made every macro block to switch quantization
step size every macro block, such switch may be carried out
every slice. While it has been described that code quantity
generated is detected from storage quantity of transmitting
buffer 49, it may be directly obtained from output of variable
length encoding circuit 47. The quantization scale setting
circuit 33 delivers quantization step size set in this way to
quantizing circuit 46.

The quantizing circuit 46 quantizes coefficient data deliv-
ered from DCT circuit 45 by quantization step size delivered
from the above-described quantization scale setting circuit 33
to generate quantized data.

VLC circuit 47 allows quantized data delivered from quan-
tizing circuit 46 to undergo variable length encoding along
with quantization step size from quantization scale setting
circuit 33, predictive mode from intra-frame/forward/back-
ward/bidirectionally predictive judging circuit 13, and
motion vector from motion vector detecting circuit 11, etc. to
deliver variable length encoded data obtained to transmitting
buffer memory 49 as a second bit stream.

Namely, in this picture encoding apparatus, as shown in
FIG. 3, for example when picture data is inputted through
delay element 43 at step ST1, quantization scale setting cir-
cuit 33 reads in, from encoding control circuit 30, allocated
code quantity with respect to frame to be currently encoded at
step ST2, then, the processing operation proceeds to step ST3.

At step ST3, predictive encoding circuit 44~VLC circuit
47 implement predictive encoding processing and DCT pro-
cessing to picture data, and quantizes coefficient data by
quantization step size based on allocated code quantity there-
after to allow it to undergo variable length encoding. Then,
the processing operation proceeds to step ST4.

At the step ST4, whether or not encoding processing has
been completed with respect to all frames (sequence) to
which, e.g., the same picture size or the same transfer rate is
applied is judged. If so, the processing is completed. In con-
trast, if not so, the processing operation returns to step ST1.
Thus, variable rate encoding such that encoding rate changes
in frame units is realized. Accordingly, even if pictures
(frames) of complicated pattern are successive, there is no
possibility that quantization step size is caused to be large
with respect to these pictures as in the conventional apparatus.
Thus, uniform high picture quality can be obtained through
the entirety.

The transmitting buffer memory 49 temporarily stores
variable length encoded data thereafter to read out it at a fixed
bit rate to thereby smooth the variable length encoded data to
output it as bit stream. The bit stream which has been output-
ted from transmitting buffer 49 is multiplexed along with,
e.g., encoded audio signal, synchronizing signal, etc. Further,
code for error correction is added thereto, and a predeter-
mined modulation suitable for transmission or recording is
applied thereto. Thereafter, bit stream thus processed is trans-
mitted to picture decoding apparatus through, e.g., transmis-
sion path, or is recorded onto picture recording medium 55
comprised of optical disc, magnetic disc or magnetic tape,
etc. as shown in the FIG. 1 mentioned above. Namely, since,
in the second encoding circuit 40, there is carried out a vari-
able rate encoding such that, e.g., allocated code quantity b, is
increased in advance with respect to complicated picture and
allocated code quantity b, is decreased with respect to simple
picture, there is no necessity of applying a fixed rate of high
rate through the entirety in order to avoid extreme deteriora-
tion of picture quality with respect to pictures of complicated
pattern as in the case of conventional apparatus. Thus, record-
ing time of picture recording medium 55 can be prolonged.
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On the other hand, inverse quantizing circuit 48 inverse-
quantizes quantized data delivered from quantizing circuit 46
by quantization step size used in the above-described quan-
tizing circuit 46 to reproduce coefficient data (quantization
distortion is added) corresponding to output of DCT circuit
45 to deliver this coefficient data to IDCT circuit 50. Namely,
inverse quantizing circuit 48~adding circuit 51 constituting a
local decoding circuit locally decode quantized data output-
ted from quantizing circuit 46 to write decoded picture
obtained into frame memory 52 as forward predictive picture
or backward predictive picture. Picture data stored in frame
memory 52 is used as predictive picture for picture to be
processed next.

Meanwhile, while, in the above-described embodiment,
allocated code quantity per predetermined time, i.e., mean
encoding rate per predetermined time is obtained every frame
with frame being used as predetermined time, this invention is
not limited to such an implementation. For example, GOP
(Group of Pictures in so called MPEG (Moving Picture
Expert Group) may be used as a predetermined time. It should
be noted that the above-described MPEG is general name of
the moving picture encoding system being studied in WG
(Working Group) 11 of SC (Sub Commiittee) 29 in JTC (Joint
Technical Committee) of so called ISO (International Stan-
dardization Organization) and IEC (International Electro-
technical Committee).

Namely, GOP in MPEG consists of at least one so called I
picture, and a plurality of P pictures or B pictures (non-I
picture). In a more practical sense, assuming that GOP con-
sists of a single I picture, four P pictures having a period of 3
pictures, and ten B pictures, encoding control circuit 30 deter-
mines allocated code quantity every GOP. Here, I picture is
picture to be subjected to intra-field or intra-frame encoding.
P picture is picture which can be predicted only from forward
direction, and is subjected to interfield or intra-frame encod-
ing. B picture is picture which can be predicted from forward
direction, from back ward direction and from both directions
and is subjected to interfield or intra-frame encoding.

When it is assumed, as shown in FIG. 5, for example, that
successive arbitrary two pictures within GOP having the
number of pictures constituting GOP as period are I picture
and P picture, and quantization step size is, e.g., 1, the first
encoding circuit 10 implements predictive encoding process-
ing, DCT processing, and variable length encoding process-
ing to picture data of these I and P pictures to generate vari-
able length encoded data to deliver the variable length
encoded data to encoding control circuit 30. The reason why
two pictures are used as I picture, P picture is to examine
complexity of pattern and correlation between frames. From
code quantity generated of I picture, itis possible to recognize
complexity of pattern. From code quantity generated of P
picture, it is possible to recognize correlation between
frames. Since successive plural frames have similar pictorial
images in general, it is possible to recognize tendency of
pattern of GOP even from extracted two pictures.

Encoding control circuit 30 counts (calculates), every
GOP, data quantity of I picture bit I, and data quantity of P
picture bit P, and determines, every GOP, difficulty (code
quantity generated GOP d, (=0, 1,2 . . . ) on the basis of these
data quantities bit I, bit P, and the number N of P pictures
constituting GOP as indicated by the following formula (5),
for example.

GOPd~bit L +NxbitP, )

The encoding control circuit 30 determines allocated code
quantity allocated every GOP on the basis of difficulty (code
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quantity generated) GOP d, every GOP and total quantity of
usable data, and delivers this allocated code quantity to sec-
ond encoding circuit 40.

In actual terms, when the number of GOPs is assumed to be
M, total quantity of usable data is assumed to be B, allocated
code quantity with respect to the j-th GOP is GOP b, and this
allocated code quantity GOP b, is caused to be in proportion
to difficulty as indicated by the following formula (6), data
total quantity B is determined by adding allocated code quan-
tities GOP b, of all GOPs as indicated by the following for-
mula (7). In the formula (6), a is constant.

GOPb, = ax GOPd; 6)
M-1
B =" GOPb;

.

Accordingly, constant a can be determined By the follow-
ing formula (8). Substituting this constant a into the formula

(6);

m=1 m=1

B =Za><GOde =a><ZOGOde
= =

o

allocated code quantity GOPb, with respect to the j-th GOP
can be determined by the following formula (9).

B B (8
T M-l

>, GOPd;
j=0

)

S, GOPd;

B
GOPb; :GOdeX[M -
=0

Thus, encoding control circuit 30 increases allocated code
quantity GOP b, with respect to, e.g., GOP in which pictures
of complicated pattern are included or having low correlation
between frames, and decreases allocated code quantity GOP
b, with respect to GOP in which pictures of simple pattern are
included or having high correlation between frames.

When second encoding circuit 40 is supplied with picture
data through delay element 43 at step ST1, as shown in FIG.
6, for example, it judges, at step ST2, whether or not picture
data being inputted is the leading picture of GOP. If so, the
processing operation proceeds to step ST3. If not so, the
processing operation proceeds to step ST4.

At step ST3, second encoding circuit 40 reads in allocated
code quantity with respect to GOP currently subjected to
encoding from encoding control circuit 30. Then, the process-
ing operation proceeds to step ST4.

At the step ST4, second encoding circuit 40 implements
predictive encoding processing and DCT processing, and
quantizes coefficient data by quantization step size based on
allocated code quantity thereafter to allow it to undergo vari-
able length encoding. Then, the processing operation pro-
ceeds to step ST5.
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Here, quantization scale setting circuit 33 sets allocated
code quantity every frame from delivered allocated code
quantity every GOP by taking into consideration picture type
(I picture, P picture, B picture) in actual encoding, e.g., pic-
ture type shown in FI1G. 4. In a more practical sense, allocated
code quantity with respect to I picture is increased, allocated
code quantity with respect to B picture is decreased, and
allocated code quantity with respect to P picture is caused to
be intermediate therebetween.

At the subsequent step ST5, whether or not encoding pro-
cessing has been completed with respect to all frames (se-
quence) to which the same picture size or the same transfer
rate is applied is judged. If so, the processing is completed. In
contrast, if not so, the processing operation returns to step
ST1. Thus, a variable rate encoding such that encoding rate
changes every GOP is realized. Even if pictures (frames) of
complicated pattern are successive. there is no possibility that
quantization step size is caused to be large with respect to
these pictures as in the conventional apparatus. As a result, it
is possible to obtain uniform high picture quality over the
entirety. Further, since allocated code quantity every GOP is
determined on the basis of two pictures in this embodiment,
higher speed processing can be carried out as compared to the
above-described embodiment. It is to be noted that it is a
matter of course to determine allocated code quantities of
respective GOPs on the basis of data quantities of all pictures
within GOP.

It should be noted that this invention is not limited to the
above-described embodiments. While, e.g., transform coding
employs DCT in the above-described embodiments, so called
Strato transform, Haar transform or Wavelet transform, etc.
may be employed.

Industrial Applicability

As is clear from the foregoing description, this invention
employs a scheme to allow an input video signal to undergo
encoding, e.g., predictive encoding, DCT processing, quan-
tization at fixed quantization step size and variable length
encoding to generate first encoded data to determine (calcu-
late) allocated code quantity every frame or every GOP on the
basis of data quantity every predetermined time, e.g., every
frame or every GOP of the first encoded data and total quan-
tity of usable data to encode the input video signal every
predetermined time on the basis of the allocated code quantity
to generate second encoded data. Thus, variable rate encoding
such that encoding rate changes every predetermined time is
realized. As a result, even if pictures (frames) of complicated
are successive, there is no possibility that quantization step
size is caused to be large with respect to these pictures as in
the conventional apparatus. Thus, uniform high picture qual-
ity can be obtained over the entirety.

Further, since second encoded data obtained in a manner as
described above has variable rate, in the case where such
encoded data is recorded onto picture recording media, lim-
ited memory capacity can be effectively used, and recording
time of picture recording media can be prolonged. In addi-
tion, picture data of high picture quality uniform through the
entirety can be reproduced from the picture recording media.

What is claimed is:

[1. An encoding method, comprising the steps of:

receiving an input video signal;

selectively encoding at least a portion of said input video

signal by intra-frame encoding or predictive encoding to
generate first encoded data, said predictive encoding
including forward predictive encoding and backward
predictive encoding;
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transform encoding said first encoded data to generate first
coefficient data;

quantizing said first coefficient data by a fixed step size;

variable length encoding said first quantized data to gen-
erate a first bit stream;

determining an encoding rate of said first bit stream every
GOP as a function of a data quantity of intra-frame and
forward-predictive encoded pictures only in the GOP;

selectively encoding said input video signal by intra-frame
or predictive encoding to generate second encoded data;

transform encoding said second encoded data to generate
second coefficient data;

setting a variable step size according to the encoding rate
determined every GOP;

quantizing said second coefficient data by said variable
step size;

variable length encoding said second quantized data to
generate a second bit stream; and

outputting said second bit stream.]

[2. An encoding apparatus, comprising:

means for receiving an input video signal;

means for selectively encoding at least a portion of said
input video signal by intra-frame encoding or predictive
encoding to generate first encoded data, said predictive
encoding including forward predictive encoding and
backward predictive encoding;

means for transform encoding said first encoded data to
generate first coefficient data;

means for quantizing said first coefficient data by a fixed
step size;

means for variable length encoding said first quantized data
to generate a first bit stream;

means for determining an encoding rate of said first bit
stream every GOP as a function of a data quantity of
intra-frame and forward-predictive encoded pictures
only in the GOP;

means for selectively encoding said input video signal by
intra-frame or predictive encoding to generate second
encoded data;

means for transform encoding said second encoded data to
generate second coefficient data;

means for setting a variable step size according to the
encoding rate determined every GOP;

means for quantizing said second coefficient data by said
variable step size;

means for variable length encoding said second quantized
data to generate a second bit stream; and

means for outputting said second bit stream.]

[3. A recording medium on which there is recorded a sec-

ond bit stream obtained by:

receiving an input video signal;

selectively encoding at least a portion of said input video
signal by intra-frame encoding or predictive encoding to
generate first encoded data, said predictive encoding
including forward predictive encoding and backward
predictive encoding;

transform encoding said first encoded data to generate first
coefficient data;

quantizing said first coefficient data by a fixed step size;

variable length encoding said first quantized data to gen-
erate a first bit stream;

determining an encoding rate of said first bit stream every
GOP as a function of a data quantity of intra-frame and
forward-predictive encoded pictures only in the GOP;

selectively encoding said input video signal by infra-frame
or predictive encoding to generate second encoded data;
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transform encoding said second encoded data to generate
second coefficient data;

setting a variable step size according to the encoded data
rate determined every GOP;

quantizing said second coefficient data by said variable
step size;

variable length encoding said second quantized data to
generate a second bit stream; and

recording said second bit stream on said recording
medium.]

[4. An encoding method, comprising the steps of:

receiving an input video signal;

selectively encoding at least a portion of said input video
signal by inter-frame encoding or predictive encoding to
generate first encoded data, said predictive encoding
including forward predictive encoding and backward
predictive encoding;

transform encoding said first encoded data to generate first
coefficient data;

quantizing said first coefficient data by a fixed step size;

variable length encoding said first quantized data to gen-
erate a first bit stream;

determining a difficulty of encoding said first bit stream
every GOP based on inter-frame and forward-predictive
encoded pictures only in the GOP;

calculating an encoding rate from said difficulty of encod-
ing determined every GOP;

selectively encoding said input video signal by intra-frame
or predictive encoding to generate second encoded data;

transform encoding said second encoded data to generate
second coefficient data;

quantizing the second coefficient data by a step size set
according to said calculated encoding rate;

variable length encoding said second quantized data to
generate a second bit stream; and

outputting said second bit stream.]

[5. An encoding apparatus, comprising:

means for receiving an input video signal;

means for selectively encoding at least a portion of said
input video signal by intra-frame encoding or predictive
encoding to generate first encoded data, said predictive
encoding including forward predictive encoding and
backward predictive encoding;

means for transform encoding said first encoded data to
generate first coefficient data;

means for quantizing said first coefficient data by a fixed
step size;

means for variable length encoding said first quantized data
to generate a first bit stream;

means for determining a difficulty of encoding said first bit
stream every GOP based on intra-frame and forward-
predictive encoded pictures only in the GOP;

means for calculating an encoding rate from said difficulty
of encoding determined every GOP;

means for selectively encoding said input video signal by
intra-frame or predictive encoding to generate second
encoded data;

means for transform encoding said second encoded data to
generate second coefficient data;

means for quantizing the second coefficient data by a step
size set according to said calculated encoding rate;

means for variable length encoding said second quantized
data to generate a second bit stream; and

means for outputting said second bit stream.]
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[6. A recording medium on which there is recorded a sec-
ond bit stream obtained by:

receiving an input video signal;

selectively encoding at least a portion of said input video

signal by intra-frame encoding or predictive encoding to
generate first encoded data, said predictive encoding
including forward predictive encoding and backward
predictive encoding;

transform encoding said first encoded data to generate first

coefficient data;

quantizing said first coefficient data by a fixed step size;

variable length encoding said first quantized data to gen-

erate a first bit stream;

determining a difficulty of encoding said first bit stream

every GOP based on intra-frame and forward-predictive
encoded pictures only in the GOP;

calculating an encoding rate from said difficulty of encod-

ing determined every GOP;

selectively encoding said input video signal by intra-frame

or predictive encoding to generate second encoded data;
transform encoding said second encoded data to generate
second coefficient data;

quantizing the second coefficient data by a step size set

according to said calculated encoding rate;

variable length encoding said second quantized data to

generate a second bit stream; and

recording said second bit stream on said recording

medium.]

[7. An encoding method, comprising the steps of:

receiving an input video signal;

selectively encoding at least a portion of said input video

signal by intra-frame or predictive encoding to generate
first encoded data representing intra-frame or predictive
encoded pictures, respectively;

transform encoding said first encoded data to generate first

coefficient data;

quantizing said first coefficient data by a fixed step size;

variable length encoding said first quantized data to gen-

erate a first bit stream;
counting a data quantity of said first bit stream every pre-
determined time to indicate a difficulty of encoding;

determining said difficulty of encoding said first bit stream
based on intra-frame and forward-predictive encoded
pictures only;

calculating an allocated code quantity for each unit of

predetermined time as a function of said difficulty of
encoding so that said allocated code quantity is set to be
larger for complex pictures and smaller for simple pic-
tures;

selectively encoding said input video signal by intra-frame

or predictive encoding to generate second encoded data;
transform encoding said second encoded data to generate
second coefficient data;

quantizing said second coefficient data at a step size set in

response to said allocated code quantity;

variable length encoding said second quantized data to

generate a second bit stream; and

outputting said second bit stream.]

[8. A method according to claim 7, wherein the fixed quan-
tization step size equals one.]

[9. A method according to claim 7, further comprising the
step of storing said second bit stream in a buffer before it is
output, wherein said quantization step size is further based on
a quantity of said second bit stream stored in said buffer.]

[10. A method according to claim 7, wherein said prede-
termined time is a frame.]
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[11. An encoding apparatus, comprising:

means for receiving an input video signal;

means for selectively encoding at least a portion of said

input video signal by intra-frame or predictive encoding
to generate first encoded data representing intra-frame
or predictive encoded pictures, respectively;

means for transform encoding said first encoded data to

generate first coefficient data;

means for quantizing said first coefficient data by a fixed

step size;

means for variable length encoding said first quantized data

to generate a first bit stream;

means for counting a data quantity of said first bit stream

every predetermined time to indicate a difficulty of
encoding;

means for determining said difficulty of encoding said first

bit stream based on intra-frame and forward-predictive
encoded pictures only;

means for calculating an allocated code quantity for each

unit of predetermined time as a function of'said difficulty
of encoding so that said allocated code quantity is set to
be larger for complicated pictures and smaller for simple
pictures;

means for selectively encoding said input video signal by

intra-frame or predictive encoding to generate second
encoded data;

means for transform encoding said second encoded data to

generate second coefficient data;

means for quantizing said second coefficient data at a step

size set in response to said allocated code quantity;
means for variable length encoding said second quantized
data to generate a second bit stream; and

means for outputting said second bit stream.]

[12. An apparatus according to claim 11, wherein the fixed
quantization step size equals one.]

[13. An apparatus according to claim 11, further compris-
ing a buffer for storing said second bit stream before it is
output, wherein said quantization step size is further based on
a quantity of said second bit stream stored in said buffer.]

[14. An apparatus according to claim 11, wherein said
predetermined time is a frame.]

[15. A recording medium on which there is recorded a
second bit stream obtained by:

receiving an input video signal;

selectively encoding at least a portion of said input video

signal by intra-frame or predictive encoding to generate
first encoded data representing intra-frame or predictive
encoded pictures, respectively;

transform encoding said first encoded data to generate first

coefficient data;

quantizing said first coefficient data by a fixed step size;

variable length encoding said first quantized data to gen-

erate a first bit stream;
counting a data quantity of said first bit stream every pre-
determined time to indicate a difficulty of encoding;

determining said difficulty of encoding said first bit stream
based on intra-frame and forward-predictive encoded
pictures only;

calculating an allocated code quantity for each unit of

predetermined time as a function of said difficulty of
encoding so that said allocated code quantity is set to be
larger for complicated pictures and smaller for simple
pictures;

selectively encoding said input video signal by intra-frame

or predictive encoding to generate second encoded data;
transform encoding said second encoded data to generate
second coefficient data;
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quantizing said second coefficient data at a step size set in

response to said allocated code quantity;

variable length encoding said second quantized data to

generate a second bit steam; and

recording said second bit stream on said recording

medium.]
16. A picture encoding method for encoding input video
data, comprising the steps of:
receiving from an encoding control civcuit data represent-
ing difficulty by which a given group of pictures (GOP) in
the input video data and difficulty by which a plurality of
GOPs that contains the given GOP were encoded to first
encoded video data;
calculating a code quantity allocated for said given GOP
according to a difficulty ratio, which is the ratio of the
difficulty of encoding said given GOP to the difficulty of
encoding the plurality of GOPs, so as to set the allocated
code quantity for said given GOP to be larger for com-
plex pictures and smaller for simple pictures; and

generating second encoded data by encoding the input
video data for each GOP based on the code quantity
allocated for that GOP so that the data quantity for said
each GOP of the second encoded data is the code quan-
tity allocated for said each GOP.

17. The picture encoding method according to claim 16,
wherein the code quantity allocated for each GOP is obtained
by multiplying total quantity of usable data for said plurality
of GOPs of the encoded video data by said difficulty ratio.

18. The picture encoding method according to claim 17,
wherein the code quantity allocated for each GOP is obtained
by the following formula

M-1
GOPb; = Bx GOde/ > Gopg
=0

where, M denotes the number of the GOPs in said plurality of
GOPs, j denotes an integer from 1 to M—-1, GOPbj denotes the
code quantity allocated to the j-th GOP, B denotes the total
quantity of usable data for the plurality of GOPs determined
by a transmission path bit rate over which said encoded video
data is transmitted, and GOPdj denotes the difficulty of
encoding the j-th GOP, respectively.

19. The picture encoding method according to claim 16,
wherein the difficulty of encoding each GOP is determined by
the data quantity of the first encoded data as a function of the
picture type of each picture in said each GOP.

20. The picture encoding method according to claim 19,
wherein the data quantity of intra-frame encoded pictures
and the data quantity of forward-predictive intra-frame
encoded pictures are obtained for each GOP, the number of
the intra-frame encoded pictures and the number of the for-
ward-predictive intra-frame encoded pictures are obtained
for each GOP, and the difficulty of encoding each GOP is
calculated from the combination of the data quantity of the
intra-frame encoded pictures and the forward-predictive
intra-frame encoded pictures with the number of the intra-
frame encoded pictures and the forward-predictive intra-
frame encoded pictures.

21. The picture encoding method according to claim 20,
wherein the difficulty of encoding each GOP is based on the
following formula

GOPdj=bitlj+NxbitP;

where GOPdj denotes the difficulty of encoding the j-th GOP,
bitlj denotes the number of intra-frame encoded pictures of
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the j-th GOP, N denotes the number of intra-frame encoded
pictures, and bitPj denotes the data quantity of the intra-
frame encoded pictures of the j-th GOP, respectively.

22. The picture encoding method according to claim 21
wherein the second encoded data is generated according to
the allocated code quantity using a quantization step size
based on the calculated code quantity allocated for a respec-
tive GOP.

23. A picture encoding method for encoding input video
data, comprising the steps of:

receiving from an encoding control civcuit data represent-
ing difficulty by which a given picture in the input video
data and difficulty by which a plurality of pictures that
contain the given picture were encoded to first encoded
video data, said difficulties being based on quantity of
data of said first encoded video data;

calculating a code quantity allocated for said given picture
according to a difficulty ratio, which is the ratio of the
difficulty of encoding said given picture to the difficulty
of encoding the plurality of pictures, so as to set the
allocated code quantity for said given picture to be
larger for complex pictures and smaller for simple pic-
tures; and

generating second encoded data by encoding the input
video data for each picture based on the code quantity
allocated for that picture so that the data quantity for
said each picture of the second encoded data is the code
quantity allocated for said each picture.

24. The picture encoding method according to claim 23,
wherein the code quantity allocated for each picture is pro-
portionally allocated from the total quantity of usable data
for said plurality of pictures over a predetermined time in
accordance with the difficulty ratio.

25. The picture encoding method according to claim 24,
wherein the allocated code quantity for each picture is deter-
mined by the following formula

N-T
b; =B><d;/zd;
i=0

where, N denotes the number of pictures in the plurality of
pictures, i denotes an integer of I to N-1, bi denotes the
allocated code quantity for the i-th picture, B denotes the
total quantity of usable data in the plurality of pictures,
and di denotes the difficulty of encoding the i-th picture,
respectively.

26. The picture encoding method according to claim 25,
wherein the second encoded data is generated by quantiza-
tion with a quantization step size for each picture based on the
code quantity allocated for said each picture.

27. The picture encoding method according to claim 26,
wherein each picture is divided into macro blocks for encod-
ing, and the quantization step size is set for each macro block,
with the quantization step size being set to a larger value so
that the data quantity of the second encoded data is smaller
when the allocated code quantity of the macro block is
smaller than the data quantity of the corresponding macro
block of the first encoded data, and set to a smaller value so
that the data quantity of the second encoded data is larger
when the allocated code quantity of the macro block is larger
than the data quantity of the corresponding macro block of
the first encoded data.
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28. A picture encoder to encode input video data, compris-
ing:

a receiver to receive data representing difficulty by which a
given group of pictures (GOP) in the input video data
and difficulty by which a plurality of GOPs that contain
the given GOP were encoded to first encoded video data;

a calculator to calculate a code quantity allocated for said
given GOP according to a difficulty ratio, which is the
ratio of the difficulty of encoding said given GOP to the
difficulty of encoding the plurality of GOPs, so as to set
the allocated code quantity for said given GOP to be
larger for complex pictures and smaller for simple pic-
tures; and

a generator to generate second encoded data by encoding
the input video data for each GOP based on the code
quantity allocated for that GOP so that the data quantity
Jfor said each GOP of the second encoded data is the
code quantity allocated for said each GOP.

29. The picture encoder according to claim 28, wherein the
code quantity allocated for each GOP is obtained by multi-
plying total quantity of usable data for said plurality of GOPs
of the encoded video data by said difficulty ratio.

30. The picture encoder according to claim 29, wherein the
code quantity allocated for each GOP is obtained by the
following formula

M-1
GOPb; = Bx GOde/ > Gopd,
=0

where, M denotes the number of the GOPs in said plurality of
GOPs, j denotes an integer from 1 to M—-1, GOPbj denotes the
code quantity allocated to the j-th GOP, B denotes the quan-
tity of usable data for the plurality of GOPs determined by a
transmission path bit rate over which said encoded video data
is transmitted and GOPdj denotes the difficulty of encoding
the j-th GOP, respectively.

31. The picture encoder accovding to claim 28, wherein the
difficulty of encoding each GOP is determined by the data
quantity of the first encoded data as a function of the picture
type of each picture in said each GOP.

32. The picture encoder accovding to claim 31, wherein the
data quantity of intra-frame encoded pictures and the data
quantity of forward-predictive intra-frame encoded pictures
are obtained for each GOP, the number of the intra-frame
encoded pictures and the number of the forward-predictive
intra-frame encoded pictures are obtained for each GOP, and
the difficulty of encoding each GOP is calculated from the
combination of the data quantity of the intra-frame encoded
pictures and the forward-predictive intra-frame encoded pic-
tures with the number of the intra-frame encoded pictures and
the forward-predictive intra-frame encoded pictures.

33. The picture encoder according to claim 32, wherein the
difficulty of encoding each GOP is based on the following

formula

GOPdj=bitlj+NxbitP;

where GOPdj denotes a difficulty of encoding the j-th GOP,
bitlj denotes the number of intra-frame encoded pictures of
the j-th GOP, N denotes the number of intra-frame encoded
pictures, and bitPj denotes the data quantity of intra-frame
encoded pictures of the j-th GOP, respectively.
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34. The picture encoder according to claim 33 wherein the
second encoded data is generated according to the allocated
code quantity using a quantization step size based on the
calculated code quantity allocated for a respective GOP.

35. A picture encoder to encode input video data, compris-
ing:

a receiver to receive data representing difficulty by which a

given picture in the input video data and difficulty by
which a plurality of pictures that contain the given pic-
ture were encoded to first encoded video data, said dif-
ficulties being based on quantity of data of said first
encoded video data;

a calculator to calculate a code quantity allocated for said
given picture according to a difficulty ratio, which is the
ratio of the difficulty of encoding said given picture to the
difficulty of encoding the plurality of pictures, so asto set
the allocated code quantity for said given picture to be
larger for complex pictures and smaller for simple pic-
tures; and

a generator to generate second encoded data by encoding
the input video data for each picture based on the code
quantity allocated for that picture so that the data quan-
tity for said each picture of the second encoded data is
the code quantity allocated for said each picture.

36. The picture encoder according to claim 35, wherein the
code quantity allocated for each picture is proportionally
allocated from the total quantity of usable data for said plu-
rality of pictures over a predetermined time in accordance
with the difficulty ratio.

37. The picture encoder according to claim 36, wherein the
allocated code quantity for each picture is determined by the
Jfollowing formula

N-1
b = Bxd;/z d;
=0

where, N denotes the number of pictures in the plurality of
pictures, i denotes an integer of I to N-1, bi denotes the
allocated code quantity for the i-th picture, B denotes the
total quantity of usable data in the plurality of pictures,
and di denotes the difficulty of encoding the i-th picture,
respectively.

38. The picture encoder according to claim 37, wherein the
second encoded data is generated by quantization with a
quantization step size for each picture based on the code
quantity allocated for said each picture.

39. The picture encoder according to claim 38, wherein
each picture is divided into macro blocks for encoding, and
the quantization step size is set for each macro block, with the
quantization step size being set to a larger value so that the
data quantity of the second encoded data is smaller when the
allocated code quantity of the macro block is smaller than the
data quantity of the corresponding macro block of the first
encoded data, and set to a smaller value so that the data
quantity of the second encoded data is larger when the allo-
cated code quantity of macro block is larger than the data
quantity of the corresponding macro blockof the first encoded
data.



