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(57) ABSTRACT 

A method and apparatus for altering the picture updating 
frequency within an MPEG compressed video data stream 
replaces the data of each of Successive predictively encoded 
pictures of that data Stream, Such as all of the B-picture or 
all of the B-pictures and all of the P-pictures, with copy data 
which have been stored beforehand in a memory and which 
designate all of the macroblocks of each Such replaced 
picture as being Skipped macroblocks with respect to a 
corresponding reference picture, thereby ensuring that each 
Such replaced picture will be decoded as a copy of the 
corresponding reference picture by a MPEG decoder appa 
ratus. Alteration of the picture updating frequency of the 
stream of pictures expressed by the MPEG data stream can 
thereby be achieved very simply, while in addition the 
overall amount of MPEG data can be substantially reduced. 

7 Claims, 24 Drawing Sheets 
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FIG. 3 
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PICTURE LAYER FIG. 1 OA 

NUMBER OF 
BITS 

Picture () { 
picture start code 
Temporal reference 
picture coding type 
wbv delay 
if (picture coding type=F2) 
(picture coding type==3)) { 

fullpel forward vector 
forward f code 

if (picture coding type=F3) { 
fullpel backward vector 
backward f code 

while (nextbits () =='1') { 
extra bit picture 
extra information picture 

extra bit picture 
next start code () 
if (nextbits () ==extension start code) { 

extension start code 
while (nextbits () l =0000 0000 0000 

0000 0000 0001'){ 
picture extension data 

} 
Next start code () 

if (nextbits () ==user data start code) { 
user data start code 
while (nextbits () l =0000 0000 0000 

OOOOOOOOOOO1'){ 
user data 

} 
Next start code () 

} 
do 

Slice () 
} while (nextbits () ==slice start code 
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FIG. 10B 

SLICE LAYER 

NUMBER OF 
BITS 

slice start Code 
quantizer Scale 
while (nextbits () =='1') { 

extra bit slice 
extra information slice 

extra bit slice 
do 

Macroblock () 
} while (nextbits () = 000 0000 0000 

OOOOOOOOOOOO) 
next start code() 
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FIG. 10C 
MACROBLOCKLAYER 

SYNTAX 

macroblock () 
while (nextbits () =='0000 0001111) 

macroblock stuffing 
while (nextbits () ==0000 0001 000) 

macroblock escape 
macroblock address increment 
macroblock type 
if (macroblock quant) 

Quantizer scale 
if (macroblock motion forward) { 

} 

motion horizontal forward Code 
if (forward f =1) 88. 
(motion horizontal forward codel=0)) 
motion horizontal forward r 
motion vertical forward code 
if (forward f =1) &&. 
(motion vertical forward codel-0)) 
motion vertical forwardr 

if (macroblock motion backward) { 

} 

motion horizontal backward code 
if (backward f =1)&&. 
(motion horizontal backward code l=0) 
motion horizontal backward r 
motion vertical backward code 
if (backward fl=1)&& 
(motion vertical backward code l=0) 
motion vertical backward r 

if (macroblock pattern) 
coded block pattern 

for (i=0; i-6; it) 
Block(i) 

if (picture coding type ==4) 
End of macroblock 

US 6,683,987 B1 

NUMBER OF 
BITS 
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F BLOCKLAYER G. 1 OD 
NUMBER OF 
BITS 

block (i) { 
if (pattern code()) { 

if (macroblock intra) { 
if (iC4) { 

dct size luminance 
if (dct size luminance l=0) 
dct dc differential 

else { 
dct size chrominance 
if (dct size chrominance l=0) 
dct do differential 

else { 
dct coeff first 

if (picture coding type l=4) { 
while (nextbits() = 10) 
dct coeff next 
end of block 
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FIG. 11 
NUMBER OF 
BITS 

OOOOOOOOOOOOOOOO picture start code 32 
OOOOOOO1 OOOOOOOO 

(From MPEG data stream) temporal reference 

010 (for P-picture) picture coding type 3 

(From MPEG data stream) wbv delay 

O fullpel forward Code 1 

001 forward f code 

OOOOOOO stuffing 

0000 0000 OOOOOOOO 
OOOOOOO1 OOOOOOO1 

slice start code 

OOOO 1 quantizer scale 

macroblock address increment 

macroblock type 

motion horizontal forwardcode 

motion horizontal backward code 

0000 0001 000 (x11) macroblock escape(x11) 121 

OOOOOO11 OO1 macroblockaddress increment 

macroblock type 

motion horizontal forward code 

motion horizontal backward code 

stuffing 

TOTAL 256 bits 
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FIG. 12 
NUMBER OF 
BITS 

OOOOOOOOOOOOOOOO picture start code 
OOOOOOO1 OOOOOOOO 

(From MPEG data stream) temporal reference 

011 (for B-picture) picture coding type 

(From MPEG data stream) wbv delay 

O fullpel forward Code 

OO1 forward f code 

OOOOOOO stuffing 

OOOOOOOOOOOOOOOO slice start code 
OOOOOOO1 OOOOOOO1 

OOOO 1 quantizer Scale 

macroblock address increment 

macroblock type 

motion horizontal forward code 

motion horizontal backward code 

0000 0001 000 (x11) macroblock escape(x11) 

OOOOOO11 001 macroblockaddress increment 

macroblock type 

motion horizontal forward code 

motion horizontal backward code 

stuffing 
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FIG.13A 

S1 

EXAMINE NEXT PORTION OF MPEG 
DATA STREAM 

S2 

SEQUENCE END CODE 
PATTERN DETECTED 

S3 

PICTURE START CODE 
PATTERN DETECTED 

EXAMINE SUCCESSIVE PORTIONS OF MPEG 
DATA STREAM TO LOCATE AND EXTRACT 
THE TEMPORAL REFERENCE, 
PICTURE CODING TYPE AND VBW DELAY 
VALUES FORCURRENT PICTURE 

S4 

DOES 
"PICTURE CODING TYPE" OF 
PRECEDING PICTURE INDICATE 

B-PICTURE 2 
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FIG.13B 

READ OUT FROMMEMORY THE BASIC 
B-PICTURE COPY STREAM PORTION, 
INSERT THE TEMPORAL REFERENCE 
AND VBW DELAY VALUES FOR 
PRECEDING PICTURE, TO OBTAIN 
COMPLETE B-PICTURE COPY STREAM 
PORTION 

REPLACE THE PORTION OF MPEG 
DATA STREAM EXTENDING 
BETWEEN THE PRECEDING 
PICTURE START CODE AND 
CURRENT PICTURE START CODE 
WITH THE COMPLETE B-PICTURE 
COPY STREAM PORTION 
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F.G. 14A CSTART) 

-o- S1 

EXAMINE NEXT PORTION OF MPEG 
DATA STREAM 

S2 

SEQUENCE END CODE 
PATTERN DETECTED 2 

S3 

PICTURE START CODE 
PATTERN DETECTED 

EXAMINE SUCCESSIVE PORTIONS OF 
MPEG DATA STREAM TO LOCATE AND 
EXTRACT THE TEMPORAL REFERENCE, 
PICTURE CODING TYPE AND VBV DELAY 
VALUES FOR CURRENT PICTURE 

  

  

  

  

Nokia Exhibit 2006, p. 16 
Amazon.com v. Nokia 

IPR2024-00848



U.S. Patent Jan. 27, 2004 Sheet 16 of 24 US 6,683,987 B1 

FIG, 14B 

S5 

DOES 
PICTURE CODING TYPE OF 
PRECEDING PICTURE INDICATE 

B-PCTURE 2 

DOES 
PICTURE CODING TYPE OF 
PRECEDING PICTURE INDICATE 

P-PICTURE 

READ OUT FROMMEMORY THE BASIC 
B-PICTURE COPY STREAM PORTION, 
INSERT THE EXTRACTED TEMPORAL 
REFERENCE AND WBW DELAY VALUES 
FOR PRECEDING PICTURE, TO OBTAIN 
COMPLETE B-PCTURE COPY STREAM 
PORTION 

READ OUT FROM MEMORY THE BASIC 
P-PICTURE COPY STREAM PORTION, 
NSERT THE EXTRACTED TEMPORAL 
REFERENCE AND WBV DELAY VALUES 
FOR PRECEDING PICTURE, TO OBTAIN 
COMPLETEP-PECTURE COPY STREAM 
PORTION 

REPLACE THE PORTION OF MPEG 
DATA STREAM EXTENDING 
BETWEEN THE PRECEDING 
PICTURE START CODE AND 
CURRENT PICTURE START CODE 
WITH THE COMPLETEP-PICTURE 
COPY STREAM PORTION 

REPLACE THE PORTION OF MPEG 
DATA STREAM EXTENDING 
BETWEEN THE PRECEDING 
PICTURE START CODE AND 
CURRENT PICTURE START CODE 
WITH THE COMPLETE B-PICTURE 
COPY STREAM PORTION 
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n-1 is 
FIG. 16A 

EXAMINE THE STREAM BUFFER 
CONTENTS, TO SELECT THE MPEG 
DATA STREAM PORTION CONVEYING 
DATA OF THE NEXT PICTURE IN THE 
TEMPORAL SEQUENCE 

EXTRACT THE TEMPORAL REFERENCE, 
PICTURE CODING TYPE AND VBW DELAY VALUES FOR 
SELECTED PICTURE 

? TOTAL NUMBER OF 
COLUMNS OF MACROBLOCKS 
OF PICTURE? 

n -> (n + 1) 
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FIG. 16B 
DOES 

PICTURE CODING TYPE 
INDICATE 

|-PICTURE 2 

PICTURE CODING TYPE 
NDICATE 

B-PICTURE 2 

READ OUT FROMMEMORY THE BASIC P 
PICTURE COPY STREAM PORTION (FIXED 
MOTION VECTOR), INSERT THE 
EXTRACTED TEMPORAL REFERENCE AND 
WBV DELAY VALUES, AND MODIFY TO 
CONVERT LEFTMOST in MACROBLOCK 
COLUMNS TO ZERO-LUMINANCE 
MACROBLOCKS, TO OBTAIN COMPLETE P 
PICTURE COPY STREAM PORTION 

READ OUT FROMMEMORY THE BASIC B 
PICTURE COPY STREAM PORTION (FIXED 
MOTION VECTOR), INSERT THE 
EXTRACTED TEMPORAL REFERENCE AND 
WBV DELAY VALUES, AND MODIFY TO 
CONVERT LEFTMOST in MACROBLOCK 
COLUMNS TO ZERO-LUMINANCE 
MACROBLOCKS, TO OBTAIN COMPLETE B 
PICTURE COPY STREAM PORTION 

S10 
REPLACE THE PORTION OF MPEG DATA 
STREAM PORTION CORRESPONDING TO 
SELECTED PICTURE WITH THE 
COMPLETE B-PICTURE COPY STREAM 
PORTION, BY WRITING INTO STREAM 
BUFFER 

S12 
REPLACE THE PORTION OF MPEG 
DATA STREAM PORTION 
CORRESPONDING TO SELECTED 
PICTURE WITH THE COMPLETE B 
PICTURE COPYSTREAM PORTION, 
BY WRITING INTO STREAM BUFFER 
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FIG. 16C 

EXTRACT THE MPEG DATASTREAM 
PORTION CORRESPONDING TO SELECTED 
PICTURE, BY READING OUT FROM 
STREAM BUFFER 

APPLY MBA REASSIGNMENT TO 
PRODUCE RIGHTWARD SHIFT 
AMOUNT OF n MACROBLOCKS, AND 
MODIFY RESULTANT DATA TO 
CONVERT LEFTMOST n 
MACROBLOCK COLUMNS TOZERO 
LUMINANCE MACROBLOCKS, TO 
OBTAIN MODIFIED -PICTURE 
STREAM PORTION 

S15 

WRITE THE MODIFIED -PICTURE 
STREAM PORTION INTO THE 
STREAM BUFFER, TO REPLACE 
THE MPEG DATASTREAM 
PORTION CORRESPONDING TO 
SELECTED PICTURE. 
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METHOD AND APPARATUS FOR ALTERING 
THE PICTURE UPDATING FREQUENCY OF 
A COMPRESSED WIDEO DATA STREAM 

BACKGROUND OF THE INVENTION 

1. Field of Application 
The present invention relates to a compressed data pro 

cessing method and compressed data processing apparatus, 
and to a recording and playback System for compressed data, 
and in particular to Such a method, apparatus and System for 
application to MPEG-encoded compressed data whereby a 
Stream of pictures expressed by the data can be converted to 
an output picture Stream having a reduced frequency of 
picture updating. 

2. Description of Prior Art 
Digital technology is widely applied at present in the 

fields of computers, broadcasting Systems, communication 
Systems, data Storage Systems, etc. A Set of international 
standards for data compression known as MPEG (Moving 
Pictures Experts Group) has become an important part of 
Such technology. Since the present invention utilizes the 
MPEG standards, the basic concepts of these will first be 
outlined. The first MPEG standards for compression of 
Video data were developed by a joint committee known as 
ISO/IEC JTC1/SC2 of the ISO (International Standards 
Organization) and IEC (International Electrotechnical 
Commission) in 1988, where SC2 signifies “scientific Sub 
committee 2', later changed to SC29. 

There are two sets of MPEG standards, MPEG-1 and 
MPEG-2. MPEG-1 (signifying “MPEG phase 1”) is appli 
cable to Storage media etc., for transferring data at a rate of 
approximately 1.5 Mbps. MPEG-1 was developed by apply 
ing new technologies to existing types of picture encoding 
methods, specifically to the JPEG standard which is used for 
compression-encoding of Still pictures, and the H.261 tech 
nology (specified by CCITSGXV standards, now called the 
ITU-T SG15 standards), developed for compression of pic 
tures in order to transmit the pictures at a low rate of data 
transfer in Such applications as teleconferencing, Video 
telephones, etc. with transmission via a ISDN network. The 
MPEG-1 standards were first published in 1993, as ISO/IEC 
11172. MPEG-2 can be considered as an extension of 
MPEG-1, and was developed for applications such as data 
communications, broadcasting, etc., providing features 
which are not available with MPEG-1 Such as an enhanced 
capability for compression encoding of interlaced-field 
video signals. The MPEG-2 standards were first published in 
1994, as ISO/IEC 1318, H.262. Although embodiments of 
the invention will be described basically on the assumption 
of MPEG-1 (referred to in the following simply as MPEG) 
processing, it will be apparent to a skilled person that the 
techniques described can be readily adapted to MPEG-2 
processing. 

FIG. 19 is a general System block diagram showing an 
example of a basic configuration of an MPEG encoder. The 
operation will be described first for the case of forward 
prediction, i.e., deriving encoded data expressing a current 
input picture based upon the contents of a preceding refer 
ence picture, and considering only luminance values. In 
FIG. 19, data expressing Successive ones of a Stream of 
pictures are input to the decoder. Specifically, Successive 
input pixel values of an input picture that is expressed as an 
array of pixels (for example, one frame of a progressive-Scan 
Video signal) are Supplied to an adder 2 and a motion 
compensated prediction Section 1. The input picture is 
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2 
pre-processed (in Some manner that is not indicated in the 
drawing) to extract Successive 16x16 pixel blocks which are 
referred to as macroblocks, with the pixel values of the 
currently extracted macroblock being Supplied to the adder 
2 and motion compensated prediction Section 1. A picture 
memory 11 holds (as described hereinafter) a set of pixel 
values expressing a reference picture for use in processing a 
predictively encoded picture, or may hold a pair of reference 
pictures which respectively precede and Succeed the a 
predictively encoded picture in the case of bidirectional 
encoding. With predictive encoding, the motion compen 
Sated prediction Section 1 Successively shifts the input 
macroblock with respect to the reference picture, within a 
predetermined Search range, to determine whether there is a 
16x16 array of pixels within the reference picture which has 
at least a predetermined minimum degree of correlation with 
the input macroblock. If Such a condition is detected, then 
the amount and direction of displacement between that 
16x16 pixel array in the reference picture and the input 
macroblock is obtained, as a vector value referred to as a 
motion vector (specifically, a combination of a horizontal 
and a vertical motion vector). The respective values of 
difference between the pixel values (i.e., luminance and 
chrominance values) of the input macroblock and the cor 
respond pixels within that 16x16 array of pixels in the 
reference picture (read out from the picture memory 11 and 
Supplied via the motion compensated prediction Section 1) 
are then derived by the adder 2, and supplied to the DCT 
transform Section 3, with these values being referred to as 
motion compensated prediction error values in the follow 
ing. Prediction from a preceding reference picture proceSS is 
referred to as forward prediction, and from a Succeeding 
reference picture is referred to as backward prediction. If no 
correlated 16x16 block is found within the Search range, 
then the input macroblock is intra-coded within the input 
picture, i.e., as an intra-coded block, generally referred to as 
an I-block. 
With bidirectional prediction, values for the input mac 

roblock are predicted based on two 16x16 blocks of pixels 
within a preceding and a Succeeding reference picture 
respectively. 

In MPEG, the basic unit for which different types of 
encoding can be specified is the macroblock. Depending 
upon the type of picture in which it is located and on 
decisions made by the encoder, a macroblock may be: 

(a) encoded entirely within a picture (i.e., intra-coded), 
independently of all other pictures, 

(b) encoded by forward prediction, i.e., as a set of 
prediction error values in conjunction with a motion 
Vector, derived using a preceding reference picture, 

(b) encoded by backward prediction, i.e., as a set of 
prediction error values in conjunction with a motion 
Vector, derived using a Succeeding reference picture, or 

(c) encoded by bidirectional prediction, using both a 
preceding and a Succeeding reference picture. 

A picture can be encoded as: 
(a) an I-picture, in which case all of the macroblocks are 

I-macroblocks, i.e., are intra-coded within that picture, 
(b) a P-picture, in which case the encoder can Selectively 

apply intra-coding or forward prediction encoding to 
the macroblocks, or 

(c) a B-picture, in which case the encoder can Selectively 
apply intra-coding, forward prediction encoding, back 
ward prediction encoding, orbidirectional prediction to 
the macroblockS. 

To minimize the amount of generated encoded data, the 
encoder uses an algorithm which is designed to minimize the 
number of I-macroblocks of the P-pictures and B-pictures. 
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I-pictures and P-pictures are used as reference pictures, 
however B-pictures are not So used. 

Successive ones of the Stream of pictures Supplied to the 
MPEG encoder are encoded as I, Por B-pictures, in a fixedly 
predetermined Sequence. As a picture is encoded, the motion 
vectors derived for macroblocks are Supplied from the 
motion compensated prediction Section 1 to the VLC Section 
5, as is also prediction mode information which specifies the 
macroblock type, i.e., whether that macroblock has been 
encoded by intra-coding, forward prediction, backward 
prediction, or bidirectional prediction. 

The motion compensated prediction error values derived 
from the adder 2 for a macroblock of the input picture are 
supplied to a DCT transform section 3, which processes the 
macroblock as a set of four 8x8 pixel blocks, Sometimes 
referred to as DCT blocks. 2-dimensional DCT (Discrete 
Cosine Transform) processing is separately applied to each 
of these DCT blocks to obtain a corresponding set of DCT 
coefficients, which are Supplied to a quantizer 4. This form 
of processing is efficient, due to the fact that a video signal 
contains relatively large amounts of low-frequency compo 
nents and relatively Small amounts of high-frequency 
components, and the low-frequency components can be 
expressed by the DCT coefficients as relatively small 
amounts of data. 
The quantizer 4 utilizes a 2-dimensional (8x8 value) 

quantization matrix that is weighted in accordance with 
human visual characteristics, in conjunction with a quanti 
Zation Scaling value which is applied overall as a Scalar 
multiplier, to obtain a matrix of quantization factors. Each of 
the DCT coefficients of a DCT block is divided by the 
corresponding quantization factor, to thereby convert each 
DCT block to a set of quantized DCT coefficients. 

The quantized DCT coefficients produced from the quan 
tizer 4 are Supplied to a VLC Section 5, and, in the case of 
an I-picture or P-picture, are Supplied to a dequantizer 8, for 
use in generating a reference picture to be held in the picture 
memory 11. That is to say, the resultant dequantized DCT 
coefficients obtained from the dequantizer 8 are Supplied to 
an inverse DCT transform section 9, and each of the result 
ant recovered motion compensated prediction error values 
thereby produced from the inverse DCT transform section 9 
are added to the corresponding motion-compensated pixel 
value, produced from the motion compensated prediction 
section 1, to thereby recover each of the pixel values of that 
I-picture or P-pictures, which are then Stored in the picture 
memory 11 as a reference picture. 

The VLC section 5 applies DPCM (differential pulse code 
modulation) to the DCT coefficient of a DCT block, which 
expresses the DC component of the luminance values of that 
block, while the DCT coefficients expressing the AC com 
ponents of that DCT block are Subjected to Zig-Zag Scanning 
to enhance the probability of obtaining consecutive 
Sequences ("runs”) of Zero values, and run-length encoding 
whereby each of Such runs of consecutive Zero values can be 
expressed by a single value, thereby achieving highly effi 
cient encoding. Entropy encoding (typically, Huffman 
encoding) is then applied, and the resultant variable-length 
encoded (VLE) data are supplied to a buffer 6, and are 
produced from that buffer at a constant data rate. The buffer 
6 includes a function for detecting the respective amounts of 
data expressing each of Successive macroblocks, and Sup 
plies that information to a code amount control Section 7. 
The code amount control section 7 determines the difference 
between a target amount of code and the actual amount of 
code used to encode each macroblock, and generates a 
corresponding control value which is fed back to the quan 
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4 
tizer 4, to adjust the quantization Scale value that is used by 
the quantizer 4, Such as to ensure that the rate of Supplying 
data to the buffer 6 will not result in buffer underflow or 
overflow. It can thus be understood that the amounts of data 
used to encode respective pixels are not constant, but vary 
Substantially as a result of the various encoding operations 
described above, So that the measures described above are 
necessary to ensure that underflow or overflow will not 
occur in the output buffer of the MPEG encoder or in the 
input buffer of the MPEG decoder. 

FIG. 20 is a general System block diagram showing an 
example of a MPEG decoder for operating on MPEG 
compressed video data. In FIG. 20, the input MPEG encoded 
data are subjected to decoding by a VLD (variable-length 
decoder) 15, and the resultant data are processed by a 
dequantizer 16 Such as to recover values which are close 
approximations to the originally derived DCT coefficients, 
and inverse DCT processing is then applied to these by an 
inverse DCT section 17. In addition, the motion vector 
information and prediction mode information for each mac 
roblock are extracted by the VLD 15 from the decoded input 
data Stream, and Supplied to a motion compensated predic 
tion section 18. As the data for an I-picture or P-picture are 
recovered by the decoder, they are Successively Stored in a 
picture memory 20, to form a reference picture, whose data 
are also Supplied to the motion compensated prediction 
Section 18. AS the recovered motion compensated prediction 
error value for a pixel of a macroblock is produced from the 
inverse DCT section 17, then (in the case of forward 
prediction or backward prediction) it is added to the value of 
the corresponding pixel from the reference picture that is 
currently held in the picture memory 20, after motion 
compensation has been applied to that reference picture by 
the motion compensated prediction Section 18, with the 
amount of motion compensation being determined by the 
motion vector for the macroblock that is currently being 
processed. In that way, Successive macroblocks of each of 
successive P and B-pictures are recovered from the MPEG 
encoded compressed data. 
An MPEG picture can be encoded as one or more sets of 

macroblock, referred to as Slices. In the Simplest case only 
a single Slice is utilized, i.e., constituting all of the macrob 
locks of a picture. 
The output generated by an MPEG encoder is an ordered 

continuous Stream of bits, consisting of Successive bit pat 
terns and code values, with Sets of Stuffing bits inserted 
where necessary. A multi-layer configuration is utilized, in 
which Successive layers convey information ranging from 
indications of the start and end points of the MPEG-encoded 
data stream down to the sets of quantized encoded DCT 
coefficient values for the respective blocks of macroblocks 
of a picture. The highest layer is the Video Sequence layer, 
containing bit patterns for indicating the aforementioned 
start and end points of the MPEG data stream, and contain 
ing a Succession of Sets of information relating to respective 
GOPs (“group of pictures” units), constituting a GOP layer. 
The term “group of pictures' refers to a Sequence consisting 
of an I-picture followed by a combination of B-pictures and 
P-pictures, with a typical GOParrangement being illustrated 
in FIG. 3. Here, numeral 36 denotes an I-picture at the start 
of a GOP set which is formed of 12 successive pictures as 
shown, in the sequence I, B, B, P, B, B, P, B, B, P, B, B, with 
the P-pictures designated as 37, 38, 39 respectively. The 
distance (in picture units) M between each pair of reference 
pictures (I- or P-pictures) is 3, while the length N of the GOP 
Set is 12. Each Set of picture layer information contains 
information relating to each of the slices of that picture, 
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constituting a Slice layer, and the Slice layer information for 
each Specific Slice contains information relating to all of the 
macroblocks of that slice, as a macroblock layer. Each 
portion of the macroblock layer relating to a Specific mac 
roblock contains encoded DCT coefficients specifying the 
luminance and chrominance values of the blocks which 
constitute the macroblock, either directly or as prediction 
error values. 

However if a macroblock has been judged to be identical 
to the correspondingly positioned macroblock of a reference 
picture at the time of encoding, then no information is 
actually encoded for that macroblock, which is referred to as 
a skipped macroblock. Specifically, a macroblock is indi 
cated as being “skipped', in the MPEG data, by omitting to 
Specify an incremental address value (or any other 
information) for that macroblock. As a result, referring to the 
decoder example of FIG. 20, at the time when decoding of 
Such a skipped macroblock is executed, the chrominance 
and luminance values for the correspondingly positioned 
macroblock of the reference picture will be read out from the 
picture memory 20 and transferred unchanged via the 
motion compensated prediction section 18 and the adder 19 
to the output of the decoder. 

With such an MPEG system, it is difficult to modify the 
MPEG-encoded compressed data Such as to produce various 
Special effects in the final display picture that is generated 
from the decoded Video data. Examples of Such special 
effects are a “time lapse' effect, i.e., whereby the displayed 
picture becomes a Succession of Still pictures rather than a 
moving picture, So that a form of Slow-motion display is 
achieved, or the “wipe' effect, whereby the displayed pic 
ture is gradually shifted off of the display screen. To achieve 
the "time lapse” special effect in the prior art, it has been 
necessary to use Some dedicated form of Special apparatus to 
process the MPEG-encoded compressed video data prior to 
Supplying the data to an MPEG decoder, i.e., an apparatus 
having a decoder section for decoding the MPEG data 
Stream, a Section for applying processing to the resultant 
decompressed Video data Such as to produce the desired 
“time lapse' effect, and an MPEG compression section for 
then again applying MPEG-encoding to the resultant data. 
The resultant MPEG-encoded compressed data can thereaf 
ter be decoded by a conventional type of MPEG decoder as 
described above. To achieve the “wipe' special effect, it has 
been necessary in the prior art to use a special type of MPEG 
encoder which has been designed to enable that Special 
effect to be obtained, and to Subsequently perform decoding 
of the resultant MPEG-encoded compressed data using a 
conventional MPEG decoder. 

However Such prior art methods of achieving these types 
of Special effect in a finally displayed picture have the 
disadvantages of causing an increase in the Overall System 
Size and complexity, with resultant increases in System costs, 
operational complexity, etc. There is therefore a need for 
Some simple type of apparatus for achieving Such special 
effects, which could be easily incorporated into an existing 
MPEG system. 

Furthermore, there are many cases in which it would be 
highly advantageous to convert MPEG-encoded compressed 
data into an even more highly compressed condition. For 
example, when a number of entertainment program items 
(Such as respective films, cartoons, etc.) are Successively 
Stored by a data recording and playback apparatus on a 
recording medium, in the form of respective sets of MPEG 
encoded compressed data, a condition may occur whereby 
the Storage medium has no more available Storage Space, but 
it is desired to Store other entertainment program items on 
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6 
that Storage medium, without entirely deleting Some of the 
previously stored entertainment program items. In Such a 
case, it would be desirable to be able to recover Some 
available Storage Space by further compressing the data 
expressing one or more of the previously recorded enter 
tainment program items, e.g., Such as to leave at least a 
minimum amount of the overall contents of Such a previ 
ously recorded entertainment program item. However in the 
prior art, there has been no simple and convenient form of 
apparatus available for achieving Such a function. 

SUMMARY OF THE INVENTION 

It is an objective of the present invention to overcome the 
problems of the prior art Set out above, by providing a 
compressed data processing method and compressed data 
processing apparatus, to be used in conjunction with a 
conventional type of MPEG encoder and conventional type 
of MPEG decoder, whereby MPEG-encoded compressed 
data conveying a stream of pictures can be operated on in a 
very simple manner to achieve a reduction of the picture 
updating frequency of that Stream of pictures, thereby 
enabling Special effects Such as the aforementioned “time 
lapse' effect to be readily achieved. 

It is a Second objective of the present invention to provide 
a compressed data recording and playback method and a 
compressed data recording and playback apparatus incorpo 
rating a conventional type of MPEG encoder and conven 
tional type of MPEG decoder, whereby an amount of record 
ing Space available on a recording medium can be increased 
through further compression of one or more Sets of Video 
data which have previously been recorded on the recording 
medium in the form of MPEG-encoded compressed data, 
thereby eliminating the need to entirely delete Such previ 
ously recorded Video data Sets. 

It is a third objective of the present invention to provide 
a compressed data processing apparatus for processing a 
selected part of a stream of MPEG-encoded compressed data 
to convert the part to a condition whereby a final display 
picture which is generated from a decoded Video signal 
derived from the Selected part will undergo Successive 
displacement in a Specified direction. 
To achieve the first objective, the invention provides a 

method of reducing the picture updating frequency of a 
Stream of picture data Sets expressing respective 
compression-encoded pictures, where the term "picture 
updating frequency of a stream of compression-encoded 
pictures is used in the description and claims of this inven 
tion with the meaning of “frequency of occurrence of Sets of 
data expressing respectively different pictures” within that 
Stream. More specifically, the invention is applicable to a 
compression-encoded picture Stream which includes picture 
data Sets each containing prediction information expressing 
a compression-encoded picture as being predictively 
encoded with respect to a predetermined corresponding 
other one of the compression-encoded pictures as a refer 
ence picture. The method basically consists of preparing and 
Storing beforehand a copy data Set, which is a Set of data 
whose contents indicate a compression-encoded picture as 
being identical to the corresponding reference picture, and 
processing the Stream of picture data Sets to insert the copy 
data Set to replace the prediction information in each of 
periodically occurring ones of the predictively encoded 
compression-encoded pictures. 
The method is designed for application to an MPEG 

compressed Video data Stream, i.e., in which each of the 
reference pictures is an MPEG I-picture or P-picture, and 
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each of the predictively encoded pictures is a P-picture or a 
B-picture. The method can be implemented such that each of 
the pictures for which prediction information is replaced is 
a B-picture, and the copy data Set includes motion vector 
information indicating that an overall amount of picture 
motion of a B-picture with respect to a corresponding 
temporally preceding or Succeeding reference picture is 
Zero, and motion compensated prediction error information 
indicating that respective amounts of motion compensated 
prediction error for all macroblocks of the B-picture are 
Zero. That is to Say, all macroblocks of the B-picture are 
indicated as being skipped macroblockS, So that at the time 
of decoding the MPEG data stream, that B-picture will be 
decoded as an identical copy of a corresponding reference 
picture. 

Alternatively, the method can be implemented Such that 
the above processing is applied both to the B-pictures and 
also to each of the P-pictures of the MPEG data stream, or 
it can be arranged that a user can Selectively specify copy 
data replacement to be executed either for the B-pictures 
alone or for both the B-pictures and the P-pictures. 
The amount of data required to indicate that all blocks of 

an MPEG encoded picture are skipped macroblocks is very 
small. Hence, a very substantial reduction in MPEG code 
amount can be easily achieved. This fact can be used for 
example to apply further compression to items. Such as Video 
clips etc., which are recorded as MPEG-encoded com 
pressed data on a recording medium, to avoid the need to 
completely erase Such items when it becomes essential to 
increase the amount of Space available on the recording 
medium for recording other items. By reading out Such a 
previously recorded item and applying the method described 
above, the item can be re-recorded in a further compressed 
condition, thereby providing the desired increase in record 
ing Space. 

Alternatively Stated, the method enables the aforemen 
tioned “time lapse” slow-motion effect to be achieved in a 
very simple manner, Since for example it enables all of the 
B- and P-pictures of each MPEG GOP to be converted to a 
form whereby each of these will be decoded as a picture that 
is identical to the I-picture of that GOP, at the time of 
decoding, or whereby each of the B-pictures will be decoded 
as a copy of a preceding or Succeeding I or P reference 
picture. Thus, the first objective set out above can be 
achieved. Furthermore if respective streams of MPEG com 
pressed Video data expressing items Such as films or Video 
clips have been recorded on a recording medium, and it is 
required to increase the amount of Space available on the 
recording medium for recording other items, the invention 
enables the MPEG data of a previously recorded item to be 
read out, to be processed as described above (i.e., to replace 
the prediction data of all of the B-pictures with copy data, or 
replace all of the B-pictures and all of the P-pictures with 
copy data), and then re-recorded on the recording medium, 
the desired increase in available Space can be achieved 
without the need to completely erase the previously recorded 
items. Hence, the Second objective Set out above can be 
achieved. 
The third objective set out above can be very easily 

achieved, by a modification of the above compressed data 
processing method. That is to Say, within each of one or 
more GOPs in a selected part of an MPEG data stream, 
processing is applied to modify the prediction information of 
each of the predictively encoded pictures within that GOP 
Such as to Specify a fixed size and direction of motion vector 
with respect to a corresponding reference picture, and to 
Specify all-Zero values of motion compensated prediction 
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error for each of the macroblocks of these predictively 
encoded pictures. As a result, a final display picture which 
is derived by decoding such a processed GOP will be 
Successively displaced acroSS the display Screen, in a direc 
tion and at a speed which are determined by the magnitude 
and direction of the fixed motion vector. 

By processing a Succession of GOPS in that way, and 
Suitably modifying the intervening I-pictures in Such a 
Succession, any arbitrary amount, direction and Speed of 
displacement of a finally displayed picture can be achieved, 
in a very simple manner. 
A compressed data processing apparatus according to the 

present invention for reduction of the picture updating 
frequency of an MPEG data Stream can be configured as a 
combination of: 

a stream buffer memory for temporarily holding and 
Successive portions of the MPEG compressed video 
data Stream, 

a copy data memory, Such as a ROM, having Stored 
therein a B-picture copy data Set containing motion 
Vector information indicating that an overall amount of 
motion of an MPEG B-picture with respect to a corre 
sponding preceding reference picture or with respect to 
a corresponding Succeeding reference picture is Zero, 
and information indicating that respective amounts of 
motion compensated prediction error for all macrob 
locks of the B-picture are Zero, 

a picture data detection Section, for detecting each occur 
rence of the condition in which a set of data expressing 
a B-picture of the compressed Video data Stream is 
currently held in the Stream buffer memory means, and 
a data changeover Section which functions, when it is 

detected that a B-picture data is currently present in 
the Stream buffer memory means, to replace all 
motion vector information and motion compensated 
prediction error information of the B-picture data Set 
with the B-picture copy data Set. 

Alternatively, Such an apparatus can be configured with 
both P-picture and B-picture copy data Sets being Stored, 
with the apparatus being Selectively controllable for opera 
tion in a mode in which only all of the B-picture prediction 
information is replaced by the copy data and a mode in 
which both all of the P-picture prediction information and 
also all of the B-picture prediction information are replaced 
by copy data. 
An apparatus for achieving the third objective Set out 

above can be basically similarly configured, but with the 
copy data Specifying a fixed non-Zero Size and direction for 
a motion vector of a predictively encoded picture, and Zero 
amounts of motion compensated prediction error for each of 
the macroblocks of the picture, and with the apparatus also 
including means for operating on Successive I-pictures Such 
as to produce appropriate amounts of Successive displace 
ment of these pictures (with respect to a display Screen) 
when the MPEG data are decoded and displayed. 

The above points will be made more clear with reference 
to the following description of preferred embodiments of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a general System block diagram of a first 
embodiment of a compressed data processing apparatus 
according to the present invention, for reduction of picture 
updating frequency of an MPEG data Stream, in which copy 
data for use in replacement of prediction data of encoded 
pictures are held Stored in the apparatus, 
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FIG. 2 is a general System block diagram of a Second 
embodiment of a compressed data processing apparatus 
according to the present invention, in which copy data for 
use in replacement of prediction data are Supplied to the 
apparatus from an external Source when required; 

FIG. 3 is a conceptual diagram for illustrating a typical 
configuration of a GOP (Group of Pictures) unit of an MPEG 
compressed Video data Stream; 

FIG. 4 is a conceptual diagram for illustrating the effect 
of applying processing by the first or Second apparatus 
embodiment to the MPEG GOP unit of FIG. 3, for the case 
in which prediction data of each of the B-pictures are 
replaced by an identical copy data Set; 

FIG. 5 is a conceptual diagram for use in describing the 
effect of replacing the prediction data of an MPEG B-picture 
by a copy data Set; 

FIG. 6 is a conceptual diagram for use in describing the 
effect of replacing the prediction data of an MPEGP-picture 
by a copy data Set; 

FIG. 7 is a conceptual diagram for illustrating the effect 
of applying processing the first or Second apparatus embodi 
ment to the MPEG GOP unit of FIG. 3, for the case in which 
the prediction data of each of the B-pictures are replaced by 
an identical copy data Set and the prediction data of each of 
the P-pictures are replaced by an identical copy data Set, 

FIG. 8 is a conceptual diagram for illustrating the effect 
of applying processing by the first or Second apparatus 
embodiment to the MPEG GOP unit of FIG. 3, for the case 
in which the picture type of each B-picture is changed to that 
of a P-picture and the prediction data of each of the 
B-pictures are replaced by an identical copy data Set, or the 
case in which the picture type of each P-picture is changed 
to that of a B-picture and the prediction data of each of the 
P-pictures are replaced by an identical copy data Set, 

FIG. 9 is a conceptual timing diagram for illustrating the 
relationship between various Start code bit patterns of a 
typical MPEG compressed video data stream; 

FIGS. 10A, 10B, 10C and 10D show the syntax and 
respective numbers of bits of the codes which successively 
occur within the picture layer, the Slice layer, the macroblock 
layer and the block layer respectively, of the MPEG encoded 
data of a picture; 

FIG. 11 shows an example of the syntax and codes which 
Successively occur in a B-picture copy data Set, used with 
the first or second embodiment; 

FIG. 12 shows an example of the syntax and codes which 
Successively occur in a P-picture copy data Set, used with the 
first or Second embodiment; 

FIGS. 13A, 13B constitute a basic flow diagram of the 
operation of the first or Second embodiment for the case of 
operation in a first mode, in which only replacement of the 
prediction data of each B-picture by a copy data Set is 
performed; 

FIGS. 14A, 14B constitute a basic flow diagram of the 
operation of the first or Second embodiment for the case of 
operation in a Second mode, in which replacement of the 
prediction data of each B-picture and of each P-picture by a 
copy data Set is performed; 

FIG. 15 is a general system block diagram of a third 
embodiment of a compressed data processing apparatus 
according to the present invention, whereby a Selected part 
of an MPEG data Stream is processed Such as to produce 
Successive displacement of a finally displayed picture which 
is generated through decoding of the Selected part; 

FIGS. 16A, 16B, 16C constitute a basic flow diagram of 
the operation of the third embodiment; 
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10 
FIG. 17 is a conceptual timing diagram for illustrating the 

operating principles of the third embodiment; 
FIG. 18 is a general system block diagram of an embodi 

ment of a recording System for recording and playback of 
MPEG-compressed Video data, incorporating an apparatus 
according to the first embodiment, enabling processing and 
re-recording of a specific recorded item Such as to reduce an 
amount of capacity which is occupied on a recording 
medium by that item; 

FIG. 19 is a conceptual block diagram for use in describ 
ing the principles of operation of a typical MPEG encoding 
apparatus, and 

FIG. 20 is a conceptual block diagram for use in describ 
ing the principles of operation of a typical MPEG decoding 
apparatuS. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

FIG. 1 is a basic system block diagram of an embodiment 
of a picture updating frequency conversion apparatus 
according to the present invention for operating on MPEG 
encoded compressed data. The apparatus of FIG. 1 is made 
up of a picture updating frequency conversion Section 21 
and a CPU 22. The picture updating frequency conversion 
section 21 is formed of a stream buffer 23, a picture data 
detection Section 24, a stream portion changeover Section 
25, a P-picture copy data memory 26 and a B-picture copy 
data memory 27. The input MPEG-encoded data stream 
(which will be assumed to be MPEG-1 data) which is 
Supplied to the picture updating frequency conversion Sec 
tion 21 has been originally generated by an MPEG encoder 
such as that described above referring to FIG. 19, and may 
for example have been read out from a storage medium Such 
as an optical disk, etc., as a playback compressed data 
Stream. 

The basic feature of this embodiment is that the apparatus 
processes all or a specific part of the MPEG-encoded data 
Stream to effect a reduction of the frequency of picture 
updating of the Sequence of pictures expressed by the 
MPEG-encoded data stream. Two possible processing 
modes can be applied, as determined by control signals 
applied by the CPU 22, i.e.: 
(1) a mode in which each bidirectionally encoded picture 

(B-picture) is converted to a B-picture which is specified 
as being identical to a preceding reference picture 
(I-picture or P-picture), or 

(2) a mode in which each B-picture is converted to a 
B-picture which is specified as being identical to a pre 
ceding reference picture (I-picture or P-picture), and also 
each P-picture is converted to a P-picture which is speci 
fied as being identical to a preceding reference picture 
(I-picture or P-picture), 
With MPEG such a condition whereby an encoded picture 

is indicated as being identical to a preceding reference 
picture, can be expressed in a simple manner by a very Small 
amount of code, Since it is achieved by indicating that all of 
the macroblocks of the picture are "skipped macroblocks', 
described hereinabove. 

Successive portions of the MPEG-encoded data stream 
are temporarily held in the picture updating frequency 
conversion Section 21. The picture data detection Section 24 
operates under the control of the CPU 22 examine to 
successive portions of the MPEG-encoded data stream as 
these are set into the stream buffer 23, to detect the sets of 
data expressing Successive encoded pictures within that data 
Stream, and judge the type (i.e., I, P or B) of each encoded 
picture. 
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Before describing the operation in more detail, the basic 
features of the MPEG data stream will be summarized. The 
addresses of respective macroblocks are Specified, within 
each Slice of a picture, as relative (incremental) values with 
respect to the first macroblock of that slice. The absolute 
value of each address is obtained by counting along the 
raster direction, i.e., from left to right along each row of 
macroblocks, from the top row downwards in Succession. 
The relative address of a non-skipped macroblock within the 
Slice, referred to in the following simply as the macroblock 
address, or MBA, is obtained by subtracting from that 
absolute value the MBA of the last non-skipped macroblock. 
The MBA of the first (top left) macroblock of a slice is fixed 
as 1, and is always inserted. To Specify all of the macrob 
locks of a Slice as being skipped macroblocks, only that first 
MBA is specified, as the prediction data of that slice. 

The form in which the information for a picture is 
conveyed by the MPEG data stream will be described based 
on an example of a decoding algorithm which could be used 
by the MPEG decoder of FIG. 20 to extract encoded 
luminance and chrominance values of intra-coded 
macroblocks, and encoded prediction difference values and 
motion vectors of prediction macroblocks, from that data 
Stream. The part of that algorithm which operates on the 
picture layer data of an encoded picture is shown in FIG. 
10A. The picture layer data begins with a bit pattern 
picture start code, having 32 bits. This is followed by a 
temporal reference code, which expresses the position of 
this picture within the original Sequence of pictures. In order 
to simplify decoding, the Sequence of the encoded pictures 
is modified before being produced from the encoder, Such 
that each B-picture is preceded by both of the corresponding 
reference pictures. That is to say, from the start of an MPEG 
data Sequence, Successive pictures (i.e., in the original 
temporal Sequence of the Stream of pictures being 
processed) would be encoded as I-, P- or B-pictures in the 
order: 

I1, B2B3,P4, B5, B6,P7, B8, B9,P10,B11B12,I13, , , . . . 
and So on, where the numerals correspond to the 
temporal reference values. However the encoder rear 
ranges and outputs these in the Sequence: 

I1,P4, B2B3, P7, B5, B6, P10, B8, B9,I13,B11B12, . . . 
The start of the encoded data of a GOP within the MPEG 

data stream is indicated by a specific bit pattern (group 
Start code), which immediately precedes the data of the 
I-picture of that GOP. The reference picture for each 
P-picture, and the pair of reference pictures corresponding to 
each B-picture, are fixedly predetermined based on the 
position of that P-picture or B-picture picture within its GOP 
and the picture type. 

FIG. 9 illustrates the occurrence of Successive start code 
bit patterns in a MPEG data Sequence. Data relating to a 
GOP are contained between a group start code bit pattern 
(GS) and the Succeeding picture start code (PS). All data 
relating to a picture are contained between a picture Start 
code bit pattern (PS) and the Succeeding picture start code 
(PS) or group start code (GS) pattern. The end of the 
MPEG data Stream is indicated by a Sequence end code 
bit pattern. 

Referring again to FIG. 10A, the "picture coding type' 
is a code whose value indicates whether this picture is an 
I-picture, B-picture or P-picture. The vbv delay is a value 
relating to the position of the picture data within the MPEG 
data stream. The full pel forward vector and forward f 
code values, are applicable to the case of a P-picture or 
B-picture, while the full pel backward vector and 
backward f code values are applicable to the case of only 
B-pictures. 
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The remainder of the picture layer information, extending 

up to the occurrence of the next picture Start code or 
group Start code within the MPEG data Stream, consists 
essentially of the Slice layer information, macroblock layer 
information, and block layer information relating to that 
picture. 

FIG. 10B illustrates the portion of the decoding algorithm 
which examines the slice layer information for a picture. 
Essentially, each time the bit pattern slice Start code is 
encountered, the macroblock layer information for that Slice 
is examined (i.e., the information relating to each macrob 
lock that is not a skipped macroblock). 

FIG. 10C illustrates the portion of the decoding algorithm 
which examines the macroblock layer information for a 
picture Slice. The information for each Such a macroblock 
basically consists of 

(a) The macroblock address increment, which is a 
Variable-length code expressing the aforementioned 
MBA of a non-skipped macroblock, 

(b) the macroblock type code, which is a variable-length 
code whose value indicates whether the macroblock is 
I-type, P-type or B-type, 

(c) the quantizer Scale code, indicating the quantization 
Scale factor applied during encoding, 

(d) codes (motion horizontal forward code, . . . , 
motion vertical forward r) for specifying the mag 
nitudes of horizontal and Vertical motion vectors, in the 
case of forward prediction from a preceding reference 
picture, 

(e) codes (motion horizontal backward code, . . . , 
motion vertical backward r) for specifying the 
magnitudes of horizontal and Vertical motion vectors, 
in the case of backward prediction from a Succeeding 
reference picture, and 

(e) The code coded block pattern (specified only in the 
case of a predictively encoded macroblock), which 
indicates those of the six blocks (four luminance blocks 
and two chrominance blocks) which have actually been 
encoded. 

FIG. 10B illustrates the portion of the decoding algorithm 
which examines the block layer information for a macrob 
lock. If the aforementioned macroblock type code indicates 
that this is an I-macroblock, then the encoded DCT coeffi 
cients expressing luminance and chrominance values are 
extracted, while if the macroblock is predictively encoded 
then the encoded DCT coefficients expressing the prediction 
error values for each block are extracted, for each of 
Successive blocks of that macroblock. 

Referring to FIG. 5, this shows a B-picture 31 having as 
preceding reference pictures an I-picture and a P-picture 
respectively. With a first mode of operation of this 
embodiment, Such a B-picture is converted by the Stream 
portion changeover Section 25 Such that all of the macrob 
lockS become skipped macroblocks, with either forward 
prediction or backward prediction being Specified, i.e., the 
MPEG data of the B-picture 31 are re-encoded as code 
which expresses a copy of the preceding (in this example, 
I-type) or Succeeding (in this example, P-type) reference 
picture. 
The result is illustrated in FIG. 4 in which, assuming that 

forward prediction is specified, each of the first pair of 
B-pictures 35 becomes encoded as a copy of the first 
I-picture 36, each of the second pair of B-pictures 35 
becomes encoded as a copy of the first P-picture 37, each of 
the third pair of B-pictures 35 becomes encoded as a copy 
of the second P-picture 38, and each of the fourth pair of 
B-pictures 35 becomes encoded as a copy of the third 
P-picture 39. 
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With a second mode of operation of this embodiment, 
referring to FIG. 6, in addition to such conversion of each 
B-picture, each P-picture 32 is also converted by the stream 
portion changeover Section 25 Such that all of the macrob 
locks become Skipped macroblocks with forward prediction, 
i.e., the MPEG data of the P-picture 31 are re-encoded as 
code which expresses a copy of the preceding reference 
picture. 

The result is illustrated in FIG. 7, in which, again assum 
ing that forward prediction is specified for the B-pictures: 

each of the first pair of B-pictures 35 and also the first 
P-picture 40 become encoded as a copy of the first 
I-picture 36; 

each of the second pair of B-pictures 35 and also the 
Second P-picture 41 become encoded as a copy of the 
first P-picture 40; 

each of the third pair of B-pictures 35 and also the third 
P-picture 42 become encoded as a copy of the Second 
P-picture 41, and 

each of the fourth pair of B-pictures 35 becomes encoded 
as a copy of the third P-picture 42. 

The overall operation of the embodiment of FIG. 1 is as 
follows, with the case of the first mode of operation 
(replacement of B-picture data only) being described first. If 
the CPU 22 Supplies command Signals to the picture data 
detection Section 24 designating that copy data replacement 
processing is to be performed in the first mode, then as 
successive parts of the MPEG data stream are shifted into 
the stream buffer 23, the picture data detection section 24 
monitors the contents of the stream buffer 23 to detect each 
occurrence of two Successive picture Start code patterns, and 
each occurrence of the picture Start code pattern followed by 
the GOP start code bit pattern, and thereby obtains the start 
and end positions (stream addresses) of each portion of the 
MPEG data stream that constitutes the entire data for one 
picture, i.e. the picture coding type code, picture layer 
information, Slice layer information, macroblock 
information, etc., described hereinabove, with that data 
Stream portion extending from one occurrence of the picture 
Start code pattern to an immediately Succeeding occurrence 
of that pattern, or from an occurrence of the picture Start 
code pattern up to a Subsequent occurrence of the GOP Start 
code pattern. 

Each time that a MPEG data stream portion conveying the 
data for one picture is detected in this way, the picture data 
detection Section 24 extracts the picture coding type code 
to judge if this code indicates a B-picture and if So, extracts 
the temporal reference and vbV delay values from the 
picture layer information, and provides these values to the 
Stream portion changeover Section 25, together with the Start 
and end positions within the MPEG data stream of the 
Stream portion that constitutes the entire information for that 
picture, and also notifies the Stream portion changeover 
Section 25 that the first mode of operation has been desig 
nated by the CPU 22. 

In response, the Stream portion changeover Section 25 
reads out from the B-picture copy data memory 27 a basic 
copy Stream portion, i.e., containing prediction information 
which will cause the decoder to generate a copy of the 
preceding reference picture of that B-picture, but with the 
temporal reference and vbV delay values omitted, and 
inserts into that copy Stream portion the temporal reference 
and vbv delay values which were extracted from the 
MPEG data stream. The stream portion changeover section 
25 then writes the resultant complete copy Stream portion 
into the stream buffer 23, to replace the portion of the MPEG 
data Stream containing the entire information for that 
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B-picture (i.e., extending between two consecutive picture 
Start code patterns or between a picture Start code pattern and 
a GOP start code pattern) with the complete copy stream 
portion. 

FIG. 12 shows an example of actual data values which 
could be utilized as the basic copy Stream portion for a 
B-picture. Only a single slice Start code is included, and 
only the MBA (macroblock address increment) for the 
first macroblock of the picture is specified, thereby express 
ing the picture as a Single Slice in which all macroblocks are 
skipped macroblocks. In addition, the macroblock type 
code indicates that all macroblocks are to be decoded by 
forward prediction, i.e., the reference picture for the mac 
roblockS is the preceding reference picture. 

If the Second mode of copy data replacement processing 
is designated by the CPU 22, i.e., whereby the data of both 
B-pictures and P-pictures are to be replaced by respective 
copy data portions as described referring to FIG. 8 
hereinabove, then the picture data detection Section 24 
notifies this to the Stream portion changeover Section 25 and 
also extracts from each portion of the MPEG data stream 
conveying the data of a P-picture the temporal reference 
and vbV delay values for that picture and Supplies these to 
the Stream portion changeover Section 25. In that case the 
Stream portion changeover Section 25 reads out from the 
P-picture copy data memory 26 a basic P-picture copy 
Stream portion containing prediction information which 
Specifies that a P-picture is to be decoded as a copy of the 
corresponding reference present invention (i.e., indicates 
that all macroblocks of the picture are to be decoded as 
skipped macroblocks) inserts the extracted temporal 
reference and vbV delay values to obtain a complete copy 
Stream portion, and replaces the previous MPEG data stream 
portion conveying the data of that P-picture with the com 
plete copy Stream portion. 

FIG. 11 shows an example of actual data values which 
could be utilized as the basic copy Stream portion for a 
P-picture. AS can be seen, this differs from the basic copy 
Stream portion for a B-picture only with respect to the 
picture coding type code. 
When the first processing mode described above is estab 

lished by the CPU 22, i.e., only B-pictures are subjected to 
copy data replacement, the frequency of picture updating is 
reduced to become /3 of the normal MPEG frame rate of 
approximately 30 frames (pictures) per Second, Since picture 
updating only occurs once in every three Successive pic 
tures. That is, the picture updating frequency becomes 
approximately 10 HZ. With the Second processing mode, 
whereby both B-pictures and P-pictures are subjected to 
copy data replacement, the frequency of picture updating is 
reduced to become /12 of the normal MPEG frame rate, 
Since as illustrated in FIG. 7, picture updating only occurs 
once in every twelve Successive pictures. That is, the picture 
updating frequency becomes approximately 2.5 HZ. 
As can be understood from the examples of FIGS. 11 and 

12, the total amount of code constituting a copy Stream 
portion is very Small, e.g., approximately in the range of 256 
bytes to 1 KB. 

Specifically, with the first processing mode described 
above, in which only the B-pictures are Subjected to copy 
data replacement, the total amount of code of an MPEG 
encoded compressed data Sequence is reduced to approxi 
mately 52% of the original amount, assuming that the GOP 
configuration shown in FIG.3 (M=3, N=12) is used, and that 
the relative proportions of the average amounts of code of 
the I, P and B-pictures are 5:4:2. If the second processing 
mode is applied (both B and P-pictures Subjected to copy 
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data replacement), then the amount of MPEG-encoded com 
pressed data is reduced to approximately 16% of the original 
amount. 

Furthermore, Since no processing Such as dequantization/ 
requantization is applied, as is necessary with prior art types 
of apparatus for achieving Such a special effect, there is no 
coarsening of the quantization levels of the data expressing 
pixel luminance and chrominance values, and a consequent 
lowering of the final displayed picture resolution, as would 
occur if Such a prior art type of apparatus were to be used to 
achieve a reduction of the picture updating frequency. 
An alternative method of achieving the effects of the 

Second processing mode described above can be envisaged, 
as illustrated in FIG.8. In this case, all of the P-pictures and 
all of the B-pictures are Subjected to copy data replacement, 
such as to be all converted to P-pictures. Alternatively, the 
copy data replacement could be performed Such as to 
convert all of these to B-pictures. In that case, the picture 
updating frequency would again become approximately 2.5 
Hz. Conversion of a B-picture to a P-picture can be achieved 
by reading out the P-picture copy data Stream portion from 
the P-picture copy data memory 26 and using that to replace 
the B-picture data in the MPEG data stream. However in that 
case it would not be possible to simply insert the extracted 
temporal reference value of that B-picture into the copy 
stream portion. This is due to the fact that the MPEG 
decoder apparatus may detect, as an error condition, any 
occurrence of a P-picture within a GOP when, according to 
its temporal reference value in relation to the position of 
the GOP in the MPEG stream, the picture should actually be 
a B-picture. For that reason, it would be necessary to insert 
altered temporal reference values into the copy Stream 
portions for Such B-pictures. A similar problem exists if all 
P-picture Stream portions are to be converted to B-pictures 
copy Stream portions. Thus, Such a method leads to addi 
tional processing becoming necessary. 

If all P-pictures are converted to B-pictures in that way, 
then it becomes possible to specify either forward prediction 
or backward prediction, in the copy data Stream portion. 

FIGS. 13A and 13B constitute a simple flow diagram 
illustrating the processing which is executed by the appa 
ratus of FIG. 1, when the first processing mode is Specified 
by the CPU 22, i.e., when only replacement of the data of 
each of the B-pictures is to be performed. As described 
above, each MPEG data stream portion conveying all of the 
data for one picture is located between two Successive 
picture Start code bit patterns or between a picture Start code 
pattern and a Subsequent group Start code pattern. However 
in order to Simplify understanding of the diagram, detection 
of group Start code patterns is omitted from the diagram. It 
will be assumed that transfer of the MPEG data stream to the 
stream buffer 23 begins after the CPU 22 has designated to 
the picture data detection Section 24 that copy data replace 
ment processing in the first mode is to started. In Successive 
executions of step S1, respective portions of the MPEG data 
Stream are examined by the picture data detection Section 24 
as they are shifted into the stream buffer 23, to detect each 
position of occurrence of the picture Start code pattern in 
Step S3 (if the sequence end code pattern is not detected on 
step S2). When the picture start code pattern is detected, the 
picture data detection Section 24 then examines the imme 
diately succeeding portion of the MPEG data stream, to 
determine the picture type from the picture coding type 
code and to locate and extract the vbV delay and temporal 
reference values of the picture in Step S4 (it is of course 
actually only necessary to do this in the case of the picture 
type being found to be a B-picture). The latter picture will 
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be referred to as the current picture. Step S5 is then 
executed, in which a decision is made as to whether the 
picture (referred to in the flow diagram as the "preceding 
picture', with the picture Start code pattern at the Start of the 
data of that preceding picture being referred to as the 
“preceding picture start code’) whose data were detected 
immediately prior to that current picture is a B-picture. If So, 
then operation proceeds to Step S6, in which the basic 
B-picture copy Stream portion is read out from the B-picture 
copy data memory 27, and the extracted temporal reference 
and Vdv delay values of the preceding picture are inserted 
into the basic B-picture copy Stream portion to obtain a 
complete copy Stream portion. Step S7 is then executed, in 
which the portion of the MPEG data stream extending 
between the preceding picture start code (as defined above) 
and the current picture Start code is replaced by that com 
plete B-picture copy Stream portion. 

Operation then returns to step S1. 
Although not shown in the flow diagram, if a GOP start 

code pattern is detected and the picture whose data imme 
diately precedes that Start code pattern is a B-picture, then in 
steps S6, S7, the portion of the MPEG data stream extending 
from the preceding picture start code to the GOP start code 
pattern is replaced with the complete B-picture copy Stream 
portion as described above. 

FIGS. 14A and 14B constitute a simple flow diagram 
illustrating the processing which is executed by the appa 
ratus of FIG. 1 when the Second processing mode is speci 
fied by the CPU 22, i.e., when replacement of the data of 
each of the B-pictures and P-pictures is to be performed. In 
this case, when it is detected in Step S5 that the preceding 
picture was a B-picture then the steps S7, S8 are executed in 
the same manner as described for the flow diagram of FIGS. 
13A, 13B. If it is found in step S6 that the preceding picture 
was a P-picture then the steps S9, S10 are executed. The 
basic P-picture copy Stream portion is read out from the 
P-picture copy data memory 26, and the extracted 
temporal reference and Vdv delay values of the preceding 
picture are inserted into the basic P-picture copy Stream 
portion to obtain a complete P-picture copy Stream portion. 
Step S10 is then executed, in which the portion of the MPEG 
data Stream extending between the preceding picture Start 
code (as defined hereinabove) and the current picture start 
code is replaced by the complete P-picture copy Stream 
portion. 

Operation then returns to step S1. 
It should be understood that the above flow diagrams are 

provided for the purpose of illustrating the basic principles 
of operation of the apparatus embodiment shown in FIG. 1, 
and that other Sequences of operations could of course be 
utilized. 
A Second embodiment of a picture updating frequency 

conversion apparatus according to the present invention is 
shown in the general system block diagram of FIG. 2. In this 
case, instead of the basic P-pictures and B-picture copy 
Stream portions being Stored fixedly at the conversion 
apparatus, e.g., in a ROM (read-only memory), these are 
transferred from an external Source to the picture updating 
frequency conversion apparatus before transmission of an 
MPEG data Sequence begins, and can for example be read 
out from the stream buffer 23 and temporarily held in an 
internal register (not shown in the drawing) within the 
Stream portion changeover Section 29 of this embodiment. In 
all other respective, the operation of this embodiment is 
identical to that of the preceding embodiment. 
AS can be understood from the above description, the 

above embodiments enable the “intermittent motion” type of 
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Special effect to be very easily implemented. In particular 
with these embodiments, it is unnecessary to determine the 
respective temporal positions of encoded pictures within the 
MPEG data stream as specified by the respective temporal 
reference values (which, as described above, may differ 
from the Sequence of encoded pictures produced from the 
MPEG encoder) and to control the processing in accordance 
with these temporal positions. Furthermore Since there is no 
decoding/re-encoding processing applied to the pixel data, 
there is no lowering of resolution of the finally displayed 
pictures due to coarsening of the quantization levels, as will 
occur with prior art types of apparatus which apply Such 
processing. 

The use of copy Stream portions for replacement of 
prediction pictures of an MPEG data stream to produce 
Special effects in a very Simple manner is not limited only to 
the conversion of prediction pictures (B-pictures, or 
B-pictures and P-pictures) to direct copies of the corre 
sponding reference pictures, as achieved with the embodi 
ments of the invention described above. For example, if the 
Second mode of processing described above is modified Such 
that each P-picture copy Stream portion and B-picture copy 
Stream portion specifies a picture as having a fixed non-Zero 
motion vector in a fixed direction, and all of the P and 
B-pictures of a GOP are Subjected to copy data replacement, 
then the result will be that the final displayed picture will be 
Successively shifted across the display Screen, in the direc 
tion of the motion vector, when that GOP is decoded and a 
resultant Video Signal generated. 
When producing such an effect, it is desirable to modify 

the MPEG data stream such as to produce successively 
changing blank regions within the parts of the display Screen 
which are Successively vacated by the actual display picture, 
i.e. to insert I-macroblocks having fixed luminance values, 
to replace those macroblocks which no longer correspond to 
the contents of a reference picture. A third embodiment of 
the invention will be described in the following whereby 
Such a special effect is achieved, taking as an example the 
case in which the final display picture is to be Successively 
moved horizontally from left to right across the display 
Screen in units of macroblockS. 

The embodiment is configured to produce a blank region 
(assumed in the following to be an all-black region) within 
the final display picture which Successively extends laterally 
from one Side to the other Side of the display in Synchronism 
with the lateral shifting of the display picture. FIG. 15 is a 
general System block diagram showing this embodiment, 
which differs from that of FIG. 1 in that the picture updating 
frequency conversion Section 69 includes a P-picture copy 
data memory 66 and a B-picture copy data memory 67 each 
containing a copy data Stream portion which specifies a fixed 
magnitude and direction of a motion vector, and a Zero 
luminance macroblock conversion section 68. In the 
following, macroblocks whose MPEG-encoded data are 
modified Such as to produce an all-black region in the final 
display picture will be referred to as Zero-luminance mac 
roblocks. 

With this embodiment, the Zero-luminance macroblock 
conversion Section 68 operates on a copy Stream portion that 
is read out from the P-picture copy data memory 66 or 
B-picture copy data memory 67, or on the MPEG data 
Stream portion expressing an I-picture (extracted from the 
stream buffer 23), to replace the macroblock layer informa 
tion of each of certain macroblocks with that of a Zero 
luminance macroblock by: 

(a) setting the variable-length macroblock type code as 
that of an I-macroblock for which the parameter 
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macroblock quant is Zero, i.e., by Setting 
macroblock type as a single bit, of value 1, 

(b) in the block layer information for the macroblock, for 
each of the four luminance blocks of the macroblock, 
Specifying only the DC level parameter (dct dc 
Size luminance), as Zero, while for each of the two 
chrominance blocks of the macroblock, Specifying only 
the DC level parameter (dct dc size chrominance), 
as 128. 

FIGS. 16A, 16B, 16C constitute a flow diagram of the 
operation of this embodiment, which will be described 
assuming that the Size of the fixed motion vector is 16 pixels, 
i.e., the width of a macroblock, with the vector direction 
being horizontal, from left to right, with that motion vector 
being inserted into the prediction data of each of the pre 
dictively encoded pictures of each of a plurality of Succes 
sive GOPs, to produce successive lateral shifting of the final 
display picture as described above, and with Zero-luminance 
macroblocks being inserted to produce Successive blacking 
out of increasing numbers of columns of macroblocks of a 
finally displayed picture, moving from left to right until the 
entire displayed picture has been shifted off of the display 
SCCC 

In the flow diagram of FIGS. 16A, 16B, 16C it is assumed 
that the operation starts when the CPU 22 designates that the 
Successive shifting and black-out processing is to be started. 
A counter value n is first initialized to 1 in Step S1. In each 
execution of step S2, the contents of the stream buffer 23 are 
monitored to locate the MPEG data stream portion convey 
ing the next picture in the original temporal Sequence, e.g., 
by examining the temporal reference values of Successive 
encoded pictures, whose respective MPEG data stream 
portions are located by detection of Successive start code 
patterns as described for the preceding embodiments. In Step 
S4, the picture coding type, temporal reference, and 
vbV delay values of the Selected picture are extracted from 
the MPEG data stream portion. The picture coding type 
code is judged to determine the picture type, and if it is 
found to be a B-picture (step S7, N, step S8, Y), then steps 
S9, S10 are executed. In step S9, a basic B-picture copy 
stream portion which specifies the respective MBAs of each 
of the macroblocks of the picture, Specifies the aforemen 
tioned identical amount and direction of horizontal motion 
vector for each of the macroblocks, and Zero prediction error 
for each of the macroblocks, is read out from the B-picture 
copy data memory 67. That copy Stream portion is then 
modified in step S10, to express each of the macroblocks 
constituting the leftmost n columns of macroblocks of the 
picture as respective Zero-luminance I-macroblocks by 
modifying the block layer information for each macroblock 
in the manner described hereinabove. In addition, the 
extracted temporal reference and vbV delay values are 
inserted, in the same way as described for the first 
embodiment, and the resultant complete B-picture copy 
stream is then written into the stream buffer 23 to replace the 
original MPEG data Stream portion conveying the Selected 
picture. 

If the selected picture is found to be a P-picture (step S7, 
N, step S8, N) then similar operations to those described 
above are performed in steps S11, S12, by modifying a basic 
P-picture copy Stream portion having the aforementioned 
fixed value of horizontal motion vector and Zero prediction 
error Specified for each of the macroblocks, which is read 
out from the P-picture copy data memory 66. 

If the selected picture is found to be an I-picture (step S7, 
Y), then steps S13, S14, S15 are executed. In step S13, the 
data of that picture are read out from the stream buffer 23, 
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and in step S14 the MBAS assigned to respective macrob 
locks are altered Such as to produce a total amount of 
leftward shift of the picture that is equal to n macroblocks 
(i.e., nx16 pixels). For example, if the current value of n is 
1, the MBA of the first macroblock of the first slice (i.e., 
leftmost side of the top row of macroblocks) would be 
changed from 1 to 2, the MBA of the second macroblock 
would be changed from 2 to 3, and so on. All of the MBAs 
corresponding to the n leftmost columns of macroblocks of 
the picture are then assigned to Zero-luminance 
macroblocks, as described above, and the resultant complete 
data stream portion is then written into the stream buffer 23 
to replace the MPEG data stream portion for that I-picture, 
in step S15. 

Each time step S10, S12 or S15 has been executed, 
operation returns to step S5 in which the counter n is 
incremented, and if n has not reached a value equal to the 
total number of columns of macroblockS constituting a 
picture (step S6, N), operation returns to step S2, to then 
Select and process the next picture in the temporal Sequence. 

The result of decoding a portion of a MPEG data stream 
which has been processed as described above is illustrated in 
FIG. 17. Here, it is assumed that the first three pictures of a 
GOP are successively operated on by an MPEG decoder 
apparatus such as that of FIG. 20 described above, and that 
prediction data replacement using a fixed right-directed 
vector of 1 macroblock width has been applied Starting from 
the first B-picture of that GOP. As a result, when decoded, 
the video data (i.e., luminance and chrominance values for 
respective blocks) of the first macroblock MI1 of a row of 
macroblocks of the I-picture which begins that GOP will be 
copied as the video data of the second macroblock MB2 of 
that row in the first B-picture of the GOP, and will be copied 
as the video data of the third macroblock MB3 of that row 
in the second B-picture of the GOP. The first macroblock 
MB1 of that row in the first B-picture, and the first and 
Second macroblocks MB1, MB2 of that row in the second 
B-picture will not have any corresponding Video data, unless 
the respective MBAS of these have been assigned to respec 
tive Zero-luminance macroblocks as described for the above 
embodiment. 
The operation of the above embodiment could be 

Simplified, Such that the data of respective pictures are 
processed directly in the Sequence of the encoded pictures 
without the need to consider the original temporal Sequence. 
This could be done by arranging that the first picture to be 
selected in step S2 of FIG. 16A, when the processing is 
Started, is always an I-picture, and Setting Successive pre 
determined values of the counter n which correspond to the 
temporal Sequence values. Thus for example if the encoded 
data Stream portions of respective pictures occur in the 
Sequence: 

I1,P4, B2B3, P7, B5, B6, P10, B8, B9,I13,B11B12, . . . 
as described hereinabove, where the numerals indicate the 
original temporal Sequence, then the values of n would be 
generated Successively as 1, 4, 2, 3, 7, 5, ..., rather than as 
1, 2, 3, 4, 5, . . . at Successive eXecutions of Step S2 in the 
flow diagram (FIG. 16A). 
A compressed data recording and playback System will 

now be described, for recording and playback of MPEG 
encoded compressed data, which incorporates a compressed 
data processing apparatus according to the present invention 
Such as that of the first embodiment of FIG. 1. When 
respective Sets of data expressing various items, referred to 
in the following as program items, Such as films, Video clips, 
etc., are recorded on a recording medium Such as magnetic 
tape, optical disk etc., of a recording and playback 
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apparatus, a condition will frequently arise in which there is 
no space remaining available on the recording medium for 
recording of additional items. In the prior art when Such a 
condition occurs, it has been necessary to erase one or more 
of the previously recorded items, if it is required to record 
new items. However it would be a useful feature of Such an 
apparatus if one or more previously recorded program items 
could be converted into a form in which they occupy a 
reduced amount of Space on the recording medium yet can 
Still be played back to produce a sequence of images or 
Sounds which will provide a recognizable reproduction of 
the item. With the present invention, in the case of a 
compressed data recording and playback System for MPEG 
encoded compressed data, this can be achieved in a very 
Simple manner, by using a compressed data processing 
apparatus Such as that of the first embodiment described 
above. This will be described referring to FIG. 18, which is 
a conceptual System block diagram showing part of an 
embodiment of a compressed data recording and playback 
System 50, i.e., a part which relates to the present invention. 
In FIG. 18, the compressed data recording and playback 
System includes a recording medium 51 Such as a magnetic 
tape or an optical or magnetic recording disk, a recording 
section 55 for receiving an MPEG data stream which 
expresses a program item and generating a corresponding 
recording Signal for recording the data on the recording 
medium 51, and a playback section 56 for reading out from 
the recording medium 51 the data of a selected recorded 
item. The System also incorporates the picture updating rate 
conversion section 28 of the first embodiment shown in FIG. 
1. It is assumed that recording information relating to each 
of the items which have already been recorded on the 
recording medium 51, including the recording positions on 
the recording medium, and possibly also including the 
respective dates and times of recording these items, is 
acquired based on the recording Signal and is maintained by 
a program item recording information Section 52, and that 
when an item is to be played back from the recording 
medium, the corresponding recording information is Sup 
plied from Section 52 to a program item specifying Section 
53, so that the data (i.e., MPEG-encoded compressed data 
Sequence) of the corresponding item to be located and read 
out from the recording medium 51, when Such a read-out 
operation is specified by a command Supplied from a CPU 
54. Such a command might be generated in response to an 
input command Supplied from a user interface 55. 
With this embodiment, there are two possible ways in 

which the recovery of available recording Space on the 
recording medium 51 can be implemented. As a first 
method, when the recording medium 51 has become full, 
and it is required to record data of an additional item, the 
recording information Section 52 determines the oldest one 
of the previously recorded items, i.e. having the earliest 
recording date, and Supplies that information to the program 
item specifying Section 53. The program item specifying 
section 53 then initiates playback of the MPEG-encoded 
compressed data Sequence for that item, which then begins 
to be Supplied as a data Stream to the picture updating rate 
conversion Section 28. The picture updating rate conversion 
section 28 applies either the first or second modes of 
processing to that data stream (i.e., replacement of the data 
of each B-picture, or replacement of the data of each 
B-picture and also of each P-picture, by respective copy 
Stream portions as described for the first embodiment), and 
the resultant modified MPEG-encoded compressed data 
Stream is Supplied from the picture updating rate conversion 
section 28 to the recording section 55 to be recorded on the 
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recording medium 51. The originally recorded version of 
that program item can thus be erased from the recording 
medium 51 to thereby provide increased space for recording 
additional items. 
AS described for the first embodiment, Such processing 

applied by the picture updating rate conversion Section 28 
results in a high degree of reduction of the amount of code 
constituting the entire MPEG-encoded compressed data 
Stream that expresses a program item, So that a Substantial 
amount of space on the recording medium 51 will thereby 
become available for recording the data of one or more 
additional items. 

Alternatively, rather than automatically Selecting the old 
est of the previously recorded items for Subjection to Such 
processing by the picture updating rate conversion Section 
28, the System can be configured Such that a user can input 
a command to the CPU 54 via the user interface 55, 
Specifying an identifier of a previously recorded item which 
is to be Subjected to Such additional compression processing 
by the picture updating rate conversion Section 28. 
AS can be understood from the above, this embodiment of 

the invention enables Space to be made available on a 
recording medium for compressed digital data, by Very 
Simple processing, without the need to completely erase 
previously recorded items. For example, the additional com 
pression processing applied by the picture updating rate 
conversion section 28 could be utilized to maintain old 
recorded items in a temporary Status, prior to complete 
erasure of these items. 

In addition, as described for the first embodiment, Such a 
form of additional data compression by means of reducing 
the picture updating frequency does not result in any deg 
radation of the display picture quality, since there is no 
lowering of image resolution. 
What is claimed is: 
1. A compressed data processing method for reducing a 

picture updating frequency of a stream of picture data Sets 
expressing respective compression-encoded pictures, said 
Stream including picture data Sets each containing prediction 
information expressing a compression-encoded picture as 
being predictively encoded with respect to a predetermined 
corresponding other one of Said compression-encoded pic 
tures as a reference picture, the method comprising: 

preparing beforehand a copy data Set whose contents 
indicate a compression-encoded picture as being iden 
tical to Said corresponding reference picture, and 

processing Said Stream of picture data Sets to insert Said 
copy data Set to replace Said prediction information in 
each of periodically occurring ones of Said predictively 
encoded compression-encoded pictures, wherein 
said stream is an MPEG compressed video data stream 

in which each of Said reference pictures is an 
I-picture or a P-picture and each of Said predictively 
encoded pictures is a P-picture or a B-picture, each 
of Said pictures for which prediction information is 
replaced is a B-picture, and wherein Said copy data 
Set includes motion vector information indicating 
that an overall amount of picture motion of a 
B-picture with respect to a corresponding temporally 
preceding reference picture or with respect to a 
corresponding temporally Succeeding reference pic 
ture is Zero and motion compensated prediction error 
information indicating that respective amounts of 
motion compensated prediction error for all macrob 
locks of Said B-picture are Zero, to thereby Specify all 
macroblocks of Said B-picture as being Skipped 
macroblockS. 
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2. A compressed data processing method for reducing a 

picture updating frequency of a stream of picture data Sets 
expressing respective compression-encoded pictures, Said 
Stream including picture data Sets each containing prediction 
information expressing a compression-encoded picture as 
being predictively encoded with respect to a predetermined 
corresponding other one of Said compression-encoded pic 
tures as a reference picture, the method comprising: 

preparing beforehand a copy data Set whose contents 
indicate a compression-encoded picture as being iden 
tical to Said corresponding reference picture, and 

processing Said Stream of picture data Sets to insert Said 
copy data Set to replace Said prediction information in 
each of periodically occurring ones of Said predictively 
encoded compression-encoded pictures, wherein 
said stream is an MPEG compressed video data stream 

in which each of Said reference pictures is an 
I-picture or a P-picture and each of Said predictively 
encoded pictures is a P-picture or a B-picture, each 
of Said pictures for which prediction information is 
replaced is a P-picture, and wherein Said copy data 
Set includes motion vector information indicating 
that an overall amount of picture motion of a 
P-picture with respect to a corresponding temporally 
preceding reference picture is Zero and motion com 
pensated prediction error information indicating that 
respective amounts of motion compensated predic 
tion error for all macroblocks of said P-picture are 
Zero, to thereby Specify all macroblocks of Said 
P-picture as being skipped macroblockS. 

3. A compressed data processing method for reducing a 
picture updating frequency of a stream of picture data Sets 
expressing respective compression-encoded pictures, said 
Stream including picture data Sets each containing prediction 
information expressing a compression-encoded picture as 
being predictively encoded with respect to a predetermined 
corresponding other one of Said compression-encoded pic 
tures as a reference picture, the method comprising: 

preparing beforehand a copy data Set whose contents 
indicate a compression-encoded picture as being iden 
tical to Said corresponding reference picture, and 

processing Said Stream of picture data Sets to insert Said 
copy data Set to replace Said prediction information in 
each of periodically occurring ones of Said predictively 
encoded compression-encoded pictures, wherein 
said compressed video data stream is an MPEG data 

Stream in which each of Said reference pictures is an 
I-picture or a P-picture and each of Said predictively 
encoded pictures is a P-picture or a B-picture, 
wherein a B-picture copy data Set and a P-picture 
copy data Set are respectively prepared beforehand, 
wherein Said B-picture copy data Set includes motion 
vector information indicating that an overall amount 
of motion of a B-picture with respect to a corre 
sponding temporally preceding reference picture or 
with respect to a corresponding temporally Succeed 
ing reference picture is Zero and prediction error 
information indicating that respective amounts of 
motion compensated prediction error for all macrob 
locks of Said B-picture are Zero, to thereby Specify all 
macroblocks of Said B-picture as being Skipped 
macroblocks, wherein Said P-picture copy data Set 
includes motion vector information indicating that 
an overall amount of motion of a P-picture with 
respect to a corresponding temporally preceding 
reference picture is Zero and information indicating 
that respective amounts of motion compensated pre 
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diction error for all macroblocks of said P-picture are 
Zero, to thereby Specify all macroblocks of Said 
P-picture as being skipped macroblocks, and 
wherein a first processing mode or a Second process 
ing mode can be Selectively established Such that in 
Said first processing mode each of the B-pictures of 
said MPEG compressed video data stream is 
replaced by Said B-picture copy data Set and in Said 
Second processing mode, each of Said B-pictures of 
said MPEG compressed video data stream is 
replaced by Said B-picture copy data Set and each of 
said P-pictures of said MPEG compressed video data 
Stream is replaced by Said P-picture copy data Set. 

4. A compressed data processing method for processing a 
selected part of an MPEG compressed video data stream to 
produce Successive overall picture displacement in a prede 
termined direction for a final displayed picture correspond 
ing to Said Selected part, Said Selected part being formed of 
a continuous Sequence of predictively encoded pictures, the 
method comprising: 

preparing beforehand copy information which specifies 
one Specific predictive encoding direction for a predic 
tively encoded picture and contains information indi 
cating a specific non-Zero magnitude of a motion vector 
which applies to all macroblocks of Said predictively 
encoded picture, and a specific direction of Said motion 
vector, and information indicating that each macrob 
lock of Said predictively encoded picture has Zero 
amount of motion compensated prediction error, and 

processing each of Said predictively encoded pictures in 
said selected part of the MPEG data stream to replace 
all motion vector information and motion compensated 
prediction error information of Said each predictively 
encoded pictures with Said copy information. 

5. The method according to claim 4, wherein said selected 
part of the MPEG data stream contains a plurality of 
I-pictures, and wherein Said method further comprises pro 
cessing each of respective I-pictures which occur within Said 
selected part of the MPEG data stream to produce a specific 
amount of displacement of a final displayed picture corre 
sponding to Said I-picture, with Said amount of displacement 
being a continuation of Successive amounts of final dis 
played picture displacement which are respectively pro 
duced as an effect of predictively encoded pictures which 
precede Said each I-picture within a temporal Sequence of 
the MPEG data stream. 

6. A compressed data processing method for processing a 
selected part of an MPEG compressed video data stream to 
produce Successive overall picture displacement in a prede 
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termined direction for a final displayed picture correspond 
ing to Said Selected part, Said Selected part being formed of 
a continuous Succession of B-pictures and P-pictures, the 
method comprising: 

preparing beforehand a P-picture copy data Set which 
includes motion vector information for Specifying a 
non-Zero value of magnitude and a direction of a 
motion vector expressing an overall amount and direc 
tion of motion of a P-picture with respect to a corre 
sponding temporally preceding reference picture, Said 
copy data Set further including motion compensated 
prediction error information which Specifies Zero 
amount of motion compensated prediction error for all 
macroblockS constituting Said P-picture; 

preparing beforehand a B-picture copy data Set which 
includes motion vector information for Specifying a 
non-Zero value of magnitude and a direction of a 
motion vector expressing an overall amount and direc 
tion of motion of a B-picture with respect to a corre 
sponding temporally preceding reference picture, Said 
copy data Set further including motion compensated 
prediction error information which Specifies Zero 
amount of motion compensated prediction error for all 
macroblockS constituting Said B-picture; and 

processing each of respective P-pictures in Said Selected 
part of the MPEG data stream to replace all motion 
Vector information and motion compensated prediction 
error information of said each P-picture with said 
P-picture copy data Set, and processing each of respec 
tive B-pictures expressed in Said Selected part of the 
MPEG data stream to replace all motion vector infor 
mation and motion compensated prediction error infor 
mation of Said each B-picture with Said B-picture copy 
data Set. 

7. The method according to claim 6, wherein said selected 
part of the MPEG data stream contains a plurality of 
I-pictures, and wherein Said method further comprises pro 
cessing each of respective I-pictures which occur within Said 
selected part of the MPEG data stream to produce a specific 
amount of displacement of a final displayed picture corre 
sponding to Said I-picture, which Said amount of displace 
ment being a continuation of Successive identical amounts of 
final displayed picture displacement which are respectively 
produced as an effect of B-pictures and P-pictures which 
precede Said each I-picture within a temporal Sequence of 
the MPEG data stream. 
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