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Description

A. Background of the invention.

A(1) Field of the invention.

The invention generally relates to a method of
transmitting a series of images of a full motion video
scene in a digital format via some transmission me-
dium. More particularly, said transmission medium is
constituted by a compact disc-like record carrier.

The invention also relates to a dispiay apparatus
in which the transmitted images are processed and
made suitable for display on a display screen; and to
an optically readable record carrier on which said im-
ages are stored.

A(2) Description of the prior art.

More than fifteen years ago the firm of Philips
marketed an optically readable record carrier on
which audio signals as well as analog video signals
were recorded. This record carrier was referred to as
video long play (VLP) and supplemented the well-
known audio long play (ALP). As compared with vid-
eotapes, such optically readable record carriers have
the advantage that their quality does not deteriorate
due to repeated use. However, as compared with vid-
eo tapes they have the drawback that they cannot be
rerecorded.

In the last ten years a completely new trend has
developed, namely that of the optically readable au-
dio record carriers generally known by the name of
CD audio (Compact Disc audio). Due to its general
acceptance and the ever increasing demand for inte-
gration of audio and video apparatus, a compact disc
video has been created on which digitised audio sig-
nals as well as an analog video signal are present,
which video signal corresponds to a full motion video
scene having a duration of several minutes.

To increase this duration, the original analog vid-
eo signal has been digitised. Afull motion video scene
is then considerad as a finite series of images, for ex-
ample, fifty or sixty occurring each second. Such an
image comprises, for example 288 image lines with
352 pixels per line. By means of some sensibly chos-
en encoding algorithm each image is converted into
an image data block comprising so much digital infor-
mation that each pixel of the image can be recon-
structed, with the possible inclusion of the informa-
tion from other image data blocks. The encoding al-
gorithm is chosen to be such that consecutive image
data blocks comprise a minimum amount of redun-
dant information. Since the length of each image data
block (number of bits in this image data block) is thus
very limited, a very large number of such image data
blocks can be recorded on such a record carrier.
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B. Object and summary of the invention.

The invention has for its object to contribute tg
the above-mentioned nove! development in order fo
render said display apparatus financially accessible
to a very wide public on the consumer market.

According to the invention the images of the ser-
ies are subjected to a hierarchic encoding process in
which the original series of images is considered as
a number of interleaved sub-series having an increas-
ing ranking order and in which images from sub-ser-
ies having a lower ranking order are considerad for
encoding an image of a sub-series. In this way each
image is converted into an image data block and a
packet header indicating the ranking order of the sub-

* series with which the corresponding image is associ-

ated is added to each image data block.

The display apparatus is now adapted to receive
all these image data blocks but to select only those
blocks which have predetermined packet headers.
Oniy image data blocks which are thus selected are
subjected to a hierarchic decoding process in a video
processing circuit so as to generate signals which are
suitable for displaying the image on a display screen
{for example, a display tube). '

The invention will certainly be appreciated if the
following aspect is considered. The costprice of a vid-
€0 processing circuit increases exponentiatly with the
number of operations (additions, subtractions, etz.)
which it can perform each second. If the rate ofthe im-
ages in the original series is equal to 50 Hz, this
means that the video processing circuit must be ca-
pable of determining each second the three chromi-
nance signals R, G and B from the transmitted infor-
mation for approximatety 5.108 pixels. The number of
operations which must thus be performed is so high
that this can only berealised by means of a very “pow-
erful" video processing circuit which is, however, so
costly that display apparatus is financially accessible
to a select group of consumers only.

According to the invention the display apparatus
can make a selection from the presented image data
packets so that only image data packets having pre-
determined packet headers are applied to the video
processing circuit for further processing. This means
that the video processing circuit only has to process
a part of all available image data packets, for exam-
ple, no more than half of them. It is true that this is at
the expense of the image quality, but practice has
proved that this quality is maintained at a sufficiently
high level. It aiso means that the video processing cir-
cuit may be considerabiy less powerful, which ren-
ders its costprice and hence that of the display appa-
ratus very favorable.

C. Brief description of the Figures.

Fig. 1 shows diagrammatically a compact disc-
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like record carrier having a track and its division
into packets;

Figs. 2 to 7 show some diagrams to explain the
hierarchic encoding process;

Fig. 8 shows a sequence in which the image data
blocks with different packet headers can be
transmitted,

Fig. 9 shows diagrammatically the structure of a
display apparatus according to the invention;
Fig. 10 shows diagrammatically another imple-
mentation of the hierarchic encoding process.

D. Explanation of the invention.

In Fig. 1 a part of the track on a compact disc-like
record carrier is shown diagrammatically at A. A pack-
et is present sach time between two consecutive
points a, b, ¢, d, e, etc, The structure of such a packet
is shown diagrammatically at B in Fig. 1. It comprises,
for example 2352 bytes and is divided into a packet
header H comprising 24 bytes and a data field D com-
prising 2328 bytes.

The packet header H is further divided into a syn-
chronisation field SNC of 12 bytes, an ordinal number
tield RF of four bytes and a service field SF of eight
bytes. The synchronisation field SNC marks the start
of a packet. It comprises one byte consisting exclu-
sively of "0" bits, followed by 10 bytes consisting ex-
clusively of 1" bits and finally again one byte consist-
ing exclusively of "0" bits. The bytes in the ordinal
number field RF indicate the ordinal number of the
packet in the track. The service field SF indicates
whether the packet is a video packet, an audio packet
or a computer data packet.

The data field O is divided into data slots DS.
These data slots of an audio packet are chosen to be
such that a 18-bit audio word of a digital audio signal
can be transmitted in each slot. The data slots of a
video packet are chosen to be such that an 8-bit video
word of a digitised video signal can be incorporated
in each slot. These data slots also have a length of
one byte for computer data packets.

As already stated in the foregoing, each image is
considered as a matrix of 288352 pixels P(i,k). In this
case i(= 1, 2, 3, ... 288) is the ordinal number of the
row and k (=1, 2, ... 352) is the ordinal number of the
pixel on this row (column). The color of such a pixel
is completely determined by an associated luminance
value Y(i,k) and two color difference values U(i,k) and
V(i,k). If these three values of each pixel were encod-
ed with an eight-bit accuracy, approximately 130 vid-
eo packets would be required for one image. How-
ever, this number can be reduced to 54 video packets
without any deterioration of the image quality, namely
by transmitting only one out of four color difference
signals in one out of two image lines. In this case an
image is thus completely defined by a 2884352 lumi-
nance matrix Y{i,k), a 144+88 color difference matrix
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U(r,s) and a 14488 color difference matrix V{r,s), r =
1,2, ...144ands=1, 2, .. 88.

There are many encoding methods of further re-
ducing the number of bits required to representan im-
age and hence the number of video packets required
for each image. By way of example ane such methad
will now be described in greater detail with refarence
to Fig. 2. In this Figure 2 the reference S, denotes a
series of consecutive images By, B,, ... B,; of a full
motion scene. The luminance matrix associated with
the image B, (n = 1, 2, ...} will be denoted by Y (i,k}
and the color difference matrices will be denoted by
Un(r.s) and V,{r,s), respectively. For each image B, a
prediction image B’ is determined, comprising the
prediction matrices Y,'(i,k), U,'(r,s) and V,(r.s) and,
starting from these matrices a difference image DB,
comprising the difference matrices DY (i,k), DU,(r,s)
and DV, (r,s) by difference formation of the image B,
and the prediction image B,', or expressed mathe-
matically:

DB, = B,-B,
j.e.:
DY,(i,K) = Ya{i,k} - Y. '(ik)
DU.(rk} = Unrs) - Uy (r.s)
DV, irs) = Vi(rs) - V/(r.8)

The prediction image B, is obtained by determining
a system of motion vectors Q,, , , for the previous im-
age B, ; and by shifting the individual pixels of this
image B, 1 in accordance with the associated motion

~ vectors.

Since the dynamic range of the luminance and
color difference values of the difference matrices is
considerably smalier than that of the original matric-
es, these values can be represented with consider-
ably fewer bits, for example with only four bits instead
of the original eight bits. Although the calculated sys-
tems of motion vectors Q, must be transmitted in ad-
dition to the difference images DB, for an accurate re-
construction of the original images in the display ap-
paratus, this method results in & considerable saving
of bits. On the one hand a larger number of images
can thus be recorded on the record carrier and on the
other hand the tirme required to read all information for
an image from the record carrier is considerably
shorter.

In this known encoding method each difference
image is dependent on the previous image. In the dis-
play apparatus each image of the series will therefore
have to be reconstructed. This means that the tempo-
ral resolution of the scenes to be displayed by the dis-
play apparatus is equal to the temporal resolution of
the scenes which have been picked up. As already
noted, this means that the display apparatus shouid
comprise a very powerful video processing circuit,

The temporal resolution can be infiuenced and
hence the requirements which must be imposed on
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the video processing circuit can be influenced by sub-
jecting the images of the series to a hierarchic encod-
ing process as extensively described, for example in
European Patent Application no. 0,340,843, For the
sake of completeness this method will be described
in greater detail by way of example with reference to
Fig. 3. In this Figure 3 the series of consecutive im-
ages B4, B, ... By, of a full motion scene is again
shown at 8,. This series is divided into a number of
sub-series, four in this case, denoted by 8,, S,, 8, and
S,, respactively,

Sub-series S, comprises the images B,, Bs, Bg,...,
sub-series S, comprises the images B,, B;, B11, ...,
sub-series S; comprises the images B,, Bg, Byg, ...,
and ’
sub-series 8, comprises the images By, Bg, Bya, ...
The images of sub-series S, are converted into differ-
ence images DB,, DBg, DBy, ... in the way as descri-
bed above with reference to Fig. 2. As is shown in Fig.
4 for the sake of completeness, a system of motion
vectors is more particularly determined for each im-
age of this sub-series S,. The system Q, ; for the im-
age By, the system Qg4 for the image Bs, the system
Qg5 for the image By and so forth. With the aid of
these vectors prediction images By, Bg ', By, ... are
calculated and the difference image DB, is obtained
from a series DS, by difference formation of the orig-
inal image B, (m =1, 5, 9, 13, ..) and the associated
prediction image B,,’'.

As already noted, a vector of, for example, the
system Q, 5 denotes the direction and the distance
over which a pixel or a group of pixels of the image
B, must be displaced so as to reach the position of
this pixel or group of pixels in the image Bs. For en-
coding the images in the sub-series S;, S; and 8, it
is assumed for the sake of simplicity that such a dis-
placement is linear. This means that said pixel of B4
has undergone a quarter of the total displacement for
the image B, half the total disptacement for the image
B, and three quarters of the total displacement for the
image B,. For encoding the images of the sub-series
S; one proceeds in the manner as shown in Fig. 5.
Starting from the image B, and a system of motion
1
2
motion vectors in the system Q; 5, but being only half
as long, a prediction image B, ; is determined. Start-
ing from the image B and a system of motion vec-

vectors —Q, 5 each having the same direction as the

tors - %01.5 each having a direction which is opposite

to the direction of the motion vectors in the system
Q, s and being only half as long, a prediction image
Bs 3 is determined. The average value of the two pre-
diction images B, ; and B ; is taken by adding the two
prediction images together and dividing them by two.
The result is the desired prediction image By'. By dif-
ference formation with the original image B, the dif-
ference image DB, of a series DS, is obtained.
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As is shown in Fig. 6, a prediction image B’ is de-
termined in a corresponding manner, starting from
the images B, and B3, which prediction image leads
to a difference image DB, of a series DS, by differ-
ence formation with B,. Finally Fig. 7 shows how a dif-
ference image DB, of a series DS, is obtained by
starting from the images B,, B, and Bg.

For transmitting the series of sub-images thus
obtained, the information for each sub-image is ser-
ialised so that an image data block for each sub-im-
age is obtained. The image data block associated
with the difference image DB, will be denoted by DB;.

The image data blocks thus obtained are subse-
quently transmitted (i.e. recorded on the disc) in the
sequence as shown, for example in Fig.8. More par-
ticularly, an image data block (for example, DB;) as-

sociated with a difference image from series DS, is
transmitted first, then the image data block (DB3) of

the immediately preceding difference image associ-
ated with series DS,, subsequently the image data
block (DB3) of the immediately preceding difference
image associated with series DS; and finally the im-
age data block (DS3) of the immediately preceding
differance image associated with series DS,. ltis to
be noted that B, in Fig. 8 is assumed to be the first
image of the scene.

To be able to distinguish the image data blocks of
the difference images of series DS, (i= 1, 2, 3, 4) from
those of the difference images of series DS (j =1, 2,
3, 4,) and j # i, a packet header indicating the series
with which a corresponding difference image is asso-
ciated is added to each image data block. In Fig. 8
these packet headers are denoted by DS,, DS,, DS;
and DS,.

Fig. 9 diagrammatically shows an embodiment of
a display apparatus adapted to receive digitised im-
ages which are transmitted by means of a compact
disc-like transmission medium in the format shown by
way of example in Fig. 8. This display apparatus is
provided with a read device 1 by means of which in-
formation recorded on a compact disc-like record car-
rier 2 can be read and converted into an electric signal
which is applied to a demuitiplexer 3. Starting from
the information in the service field SF of a packet on
the disc, this demultiplexer supplies the computer
data packets at its output 3(1), the audio packets at
its output 3(2) and the video packets at its output 3(3).

Since only the processing of the video packets
plays a role within the scope of the present invention,
the processing of the audio and computer data pack-
ets will not be further dealt with. The video packets
are applied to a selection circuit 4 removing the pack-
et headers from the video packets and selecting
those blocks from the remaining image data blocks
which are provided with predetermined packet head-
ers, for example, only those image data blocks which
are provided with the packet header DS,, or both
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those image data blocks which are provided with the
packet header DS, and those image data blocks
which are provided with the packet header DS, etc.
The image data blocks thus selected are applied to
the video processing circuit 5 which supplies a lumi-
nance matrix Y{i,k) and the associated color differ-
ence matrices U(r,s) and V(r,s) for each image to be
displayed. In the embodiment shown the luminance
matrix Y(i,k) is stored in a luminance memory 6(1),
the color difference matrix U(r,s) is stored ina Umem-
ory 6(2) and the color difference matrix V(r.s) is stor-
ed in a V memory 6(3). These memories 6 {.) are ad-
dressed in the conventional manner by addresses
ADD of an address generator 7 and by a read-write
enable signal R/W(.). As soon as this signal has the
logic value "1", information can be written in the rele-
vant memory. If it has the logic value *0", the contents.
of the memory can be read. The information read
from a memory 6(.) is converted in a D/A converter
8(.) into an analog signal. The analog luminance sig-
nal Y{t) thus obtained, as well as the two analog color
difference signals U{t) and V(1) are converted into the
glementary chrominance signals R, G and 8 in a de-
matrixing circuit 9 and applied to a display tube 10.

It will be evident that the more powerful the video
processing circuit 5 is (and consequently the more
costly), the more series of difference images can be
selected by the selection circuit 4 (number of different
packet headers) and thus the higher the temporal re-
solution will be.

It has been tacitly assumed in Fig. 3 that the rate
at which the images occur in the original series is
equal to 50 Hz. However, the present invention obvi-
ates the ever recurrent problem related to the differ-
ence between the so-called 50 and 60 Hz field fre-
quency countries. Let it be assumed that the images
shown in Fig. 10 occur at a frequency of 60 Hz. This
series can then be divided into five sub-series Sy, S5,
Sa. 54, S;. The images of the sub-series S, are con-
verted in the manner as shown in Fig. 4 into the series
DS, of difference images (system of motion vectors
Q4 8. Qg 11, Q11,18 -..). The images of the sub-series S,
are converted in the same way as is shown in Fig. 5
into the series DS, of difference images (system of

maotion vectors %Q,'.. - -2—01.5. ...). The images of the

sub-series S; are converted in the manner as shown
in Fig. 6 into the series DS, of difference images (sys-

tem of motion vectors %Qm. -%Qm, %Q,_e,

%Q,_,,. ...). The images of the sub-series S, are con-

verted in the manner as shown in Fig. 7 into the series
DB, of difference images (system of motion vectors
—15—Q1|,, - -:—Qm. —;-Qm. - %06_11, ...). Finally the images
of sub-series Sg are converted into a series DS of dif-
ference images in the manner as shown in Fig. 7 and
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starting from the images in the series 3, and S,. Al
this is shown diagrammatically in Fig. 10. More par-
ticularly, each arrow starts at an image by means of
which a prediction image is calculated for the image
where the arrow head of the relevant arrow ends, all
this while taking the correct system of motion vectors
into account. By selecting only the difference images
of, for example the series DS,, DS,, DS, and DS, of
the series of difference images thus obtained and by
displaying them with mutually equal intervals, an im-
age sequence of 50 Hz is obtained. By providing a dis-
play apparatus according to Fig. @ with a selection cir-
cuit 4 and by ordering the video images on the disc
and recording them in the manner as described above
with reference to Fig. 10, the discs can be used in the
so-called 50 Hz countries as well as in the so-called
60 Hz countries and the display apparatus can be
simply made suitable for use in these different coun-
tries.

Itis to be noted that it has been assumed in the
foregoing that the motions in the image are linear.
Consequently it is sufficient to caiculate systems of
"main” motion vectors for the images in the sub-ser-
ies 8. The motion vectors of the images in the other
sub-series can then be obtained by taking a propor-
tional part of these main motion vectors. However, it
is alternatively possible to calculate the actual motion
vectors for each image instead of taking the propor-
tional part of the main motion vectors,

Claims

1. A method of transmitting a series of images of a
full motion video scene in which each image is
converted by means of an encoding algorithm
into an image data block comprising so much dig-
ital information that each pixel of the image can
be reconstructed, characterized in that the im-
ages of the series are subjected to a hierarchic
encoding process in which the original series of
images is considered as a number of interleaved
sub-series having an increasing ranking order
and in which images from one or more sub-series
having a lower ranking order are considered for
enceding an image of a sub-series, and in that a
packet header indicating the ranking order of the
sub-series with which the corresponding image is
associated is added to each image data block.

2. An apparatus for displaying a fuil motion video
scene whose composite images are each con-
verted into image data blocks in accordance with
the method as claimed in Claim 1, which appara-
tus is adapted to receive the image data blocks,
to store for each pixel a codeword comresponding
to the color of said pixel, to reproduce the stored
codewords in the sequence of desired display, to
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convert the reproduced codewords into analog
signals for display on a dispiay screen, character-
ized in that said apparatus is further adapted to
select those image data blocks of the received
image data blocks which have predetermined
packet headers, and to subject the image data
blocks thus selected to a hierarchic decoding
process for generating said codewords.

An optically readable disc on which a series of im-
ages of a full motion video scene is stored.in the
form of a series of image data blocks obtained in
accordance with the method as claimed in Claim
1.

Patentanspriiche

1.

Verfahren zum Ubertragen einer Reihe von Bil-
dern einer Vollbewegungs-Videoszene, wobei
mittets eines Codierungsalgorithmus jedes Bild
in ein Bilddatrenblock umgewandelt wird, der so-
viel digitale Information aufweist, daB jedes Bild-
element des Bildes rekonstruiert werden kann,
dadurch gekennzeichnet, daR die Bilder der Rei-
he einer hierarchischen Codierung ausgesetzt
werden, wobei die urspringliche Reihe von Bil-
dern ais eine Anzahl verschachteiter Teilreihen
betrachtet wird mit einer in der Gréte zunehmen-
den Rangordnung und wobei zum Codieren eines
Bildes einer Teilreihe Bilder aus Teilreihen nied-
rigerer Rangordnung beriicksichtigt werden und
wobei zum Codieren eines Bildes einer Teilreihe
Bilder aus Teilreihen niedrigerer Rangordnung
bericksichtigt werden, und da® zu jedem Bildda-
tenblock ein Paketanfangsblock zugefiigt wird,
der die Rangordnung der Unterreihen angibt, de-
nen das entsprechende Bild zugeordnet ist.

Gerét zum Wiedergeben einer Vollbewegungs-
szene, wobei die zusammengesetzten Bilder
nach dem Verfahren nach Anspruch 1 je in Bild-
datenbldcke unmgewandelt werden, wobei die-
ses Gerdt dazu eingerichtet ist, die Bilddaten-
bidcke zu empfangen, fir jedes Bildelement &in
Codewort zu speichern, das dem Farbton des ge-
nannten Bildelementes entspricht, die gespei-
cherten Codewdrter in der Reihenfolge der er-
wiinschten Wiedergabe zu reproduzieren, die re-
produzierten Codewdrter zur Wisdergabe an ei-
nem Wiedergabeschirm in analoge Signale um-
zuwandeln, dadurch gekennzeichnet, dall das
genannte Gerét weiterhin dazu eingerichtet ist,
diejenigen Datenbblbcke der empfangenen Bild-
datenblécke zu selektieren, die vorbestimmte
Paketanfangsblécke haben, und die auf diese
Weise selektierten Bilddatenblicke einem hierar-
chischen Decodierungsprozel auszusetzen zum
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Erzeugen der genannten Codewdrter.

Optisch auslesbare Platte, auf der eine Reihe
von Bildern einer Volibewegungsszene in Form
einer Reihe von Bilddatenblécken gespeichert
ist, die nach dem Verfahren nach Anspruch 1 er-
halten worden sind.

Revendications

1.

Procédé pour la transmission d'une série d'ima-
ges d'une scéne vidéo de mouvement dans le-
quel chaque image est convertie & I'aide d'un al-
gorithme de codage en un bloc de données
d’image comprenant tant d'informations numéri-
ques que chaque pixel de I'image puisse étre re-
construit, caractérisé en ce que les images de la
série sont soumises & un processus de codage
hiérarchisé dans lequel la série originale d'ima-
ges peut &tre considérée comme un nombre de
sous-séries imbriquées ayant un ordre de classe-
ment croissant et dans fequel les images d'une
ou de plusieurs sous-séries ayant un ordre de
classementinférieur sont considérées pour coder
une image d'une sous-série et en ce qu’un en-té-
te de paquet indiquant I'ordre de classement de
la sous-série & laqueile I'image correspondante
est associée est ajouté & chaque bloc de données
d'image. '

Appareil d'affichage d’'une scéne vidéo de mou-
vemnent dont les images composites sont chacu-
ne converties en blocs de données d'image selon
le procédé de la revendication 1, ledit appareil
étant & méme de recevoir les blocs de données
d'image, de stocker pour chaque pixet un mot de
code correspondant & la couleur dudit pixel, de
reproduire les mots de code stockés dans la sé-
quence d'affichage souhaitée, de convertir les
mots de code reproduits en signaux analogiques
& afficher sur un écran d'affichage, caractérisé
en ce que ledit appareil est, en outre, & méme de
sélectionner, parmiles blocs de données d'image
regus, les blocs de données d'image qui ont des
en-tétes de paquets prédéterminés et de sou-
mettre les blocs de données d’'image ainsi sélec-
tionnés & un processus de décodage hiérarchisé
pour générer lesdits mots de code.

Disque lisible optiquement sur lequel une série
d’images d’'une scéne vidéo de mouvement sont
stockées sous la forme d'une série de blocs de
données d'image obtenus selon le procédé de la
revendication 1.
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