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Method and apparatus for qeneratinq and reproducinq 

of compressed coloured video scenes . 

The present invention relates to a method for generating a com­

pressed coloured video scene from a coloured original scene and to 
an apparatus for generating a compressed coloured video scene from 

a coloured original scene and for reproducing the compressed co­

loured video scene. 

Conventionally, video scenes are recorded on video tapes and re­
produced by special video recorders on the screen of a television 

apparatus or similar. There is the desire to be aple to use the 
screen of a personal computer (PC) for reproducing video scenes 
and to store the video scenes digitally in a PC • 

.. 
However, thereby the following problems arise, if a colour repre-
sentation should be used. Conventionally, in a true colour method 

one bit is used for each colour so that 224 , i.e. about 16 million 

colours are present. This large number of colours must be reduced 

so that the PC can handle them. Conventionally, this takes place 

by giving a so-called standard colour palette including a certain 

.number of colour val~es.and to whioh the individual pixels of each 
single image, also called frame, are adjusted. According.to 

another embodiment a so-called median-cut-algorithm is used which 
adjusts often used colours but which does not take care of de-
tails. ------··- -·······-·---·---
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Furthermore, a single image may easily consist of 576 rows and 

720 columns so that each individual image comprises a very large 

number of pixels. Therefore, the individual images cannot be 

stored pixel by pixel, however they must be compressed. Conven­

tionally, this takes place in that a suitable transformation of 

pixel groups is carried out. A common transformation is the so­

called OCT (Discrete cosine Transform) wherein pixel groups of 
e.g. a x a = 64 pixels are described by Cosine-basic frequences. 

Simultaneously a quantification ignoring certain values and a 
so-called Huffmann-coding compressing according to statistical 

point of yiews are carried out~ According to a different embodi­

ment a differential image calculation is carried out wherein the 

deviation between two images are stored after a running time 

length compression method. In the first method additional hard­

ware has to be employed for accelerating the method, in the se­

cond case very large data memories are necessary. 

Furthermore, during the transition of one take to another take 
(in the following a take will also be called scene) large devia­
tion may occur in the colour palette so that the colour values 

are not adjusted during a scene change. 

Finally, PC operation systems typically supply a clock of a mi­

nimum of 1/18.2 s. Therefore, software video players generally 
do not use a clock and output the individual images as quickly 
as possible. An assignment with audio data being provided 
separately is very complicated. Therefore the movement of the 
lips of the actors do not coincide with the reproduced language. 

The running.pictures are adapted to the sound in a jerking 

manner. 

Therefore, it is the object Of the· invention to provide a method 

ana an apparatus for generating and reproducing compressed co­

loured video scenes wherein a quick clean colour storage and a 

quick clean colour and jerk-free reproduction is possib~e. 
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This object .is solved by a method with the features of claims 1, 

7, 10 and 11·as well as by an apparatus with the features accor­

ding to claim 15. 

Pref erred developments of the method can be taken from the cor­

responding subclaims. 

Further features and advantages of the invention follow from the 

description of embodiments in connection with the figures. From 

the figures show: 

Fig. 1 

Fig. 2 

schematically a portion of an embodiment of 

the inventive apparatus for generating a com­

pressed coloured video scene; and 

schematically a portion of an embodiment of 

the inventive apparatus for reproducing com­

pressed coloured video scenes. 

As is shown in Fig. 1 a so-called QPEG grabber 1 is provided re­

presenting an embodiment of a conventional frame grabber. The 

QPE_G grabber 1 is connected with a video reproduction apparatus 

2, the QPEG grabber 1 controls the video reproduction apparatus 

2 and receives data, namely single images, also called frames 

from the video reproduction apparatus 2. The QPEG grabber 1 con­

trols forward/backward run, searching an individual image ad­

justment of the video reproduction apparatus 2. The QPEG grabber 

1 stores the individual images of a selected scene in a data me­

mory 3. Preferably the data memory 3 is installed on the fixed 

disk of a PC. 

A QPEG colour optimizer 4 being an embodiment of a colour com­

pressor analyzes the colours present in a full scene, up to 224 

(about 16 million) different colour values may occur, if three 

colours (red, green and blue) are selected and if each colour is 

represented by one bit (8 bits). 

The QPEG colour optimizer 4 deteJ;:'lllines a suitable "colour pa­

lette" wherein all pixels -of a total scene are registered in a 
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three-dimensional red-green-blue-colour space (RGB-colour 

space). The RGB-colour space is divided in two different ways 

into 256 colour rectangular parallel epipeds. In the first way 

of dividing each colour rectangular parallel epiped receives the 

same number of pixels. This division represents the total colour 

impression relatively well. In the second way of division each 

colour rectangular parallel epiped receives the same number of 

colours. In this case the multitude of colours is best represen­

ted. By the first and second way of division of the three-dimen­

sional RGB colour space 512 colour rectangular parallel epipeds 

result. To each colour rectangular parallel epiped a m.ean colo~r 

value is . assigned. The weighted means for the colours in a 

rectangular parallel epiped are.calculated such that the weigh­

ting is carried out in rectangular parallel epipeds of. the first 

kind according to the pixel sum for each colour, while in 

rectangular parallel epipeds of the. second kind a weighting oc­

curs according to the used colours and not according to the fre­

quency of the use. In this manner 256 colour values of the .first 

kind and 256 colour values of the second kind, namely 512 colour 

values, are derived. 

Now, from the . remaining colour V'a·lues those two are determined 

having the smallest colour distance. This distance dij is calcu­

lated according to the following formula: 

dij (Pi Pj) = «(Ri - Rj) 2 + (Gi - Gj) 2 + (Bi - Bj)2, 

R, G and B representing the red, green and blue portions. The 

two colour values with smallest distance from each other are re­

placed by their mean colour value. Thus the number of remaining 

·colour values is r~duced by one. 

This method is repeated until only 256 colour values are left. 

out of the colour values originally present in the tree-dimen­

siomil RGB colour space 32 colour values are determined having 

the largest distance to the derived 256 colour values. These co­

lour values are added to the derived 256 colour values. The 288 

colour values such derived are further reduced by combining two 
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colour values having the smallest distance to each other by a 

mea~ colour value. This is continued until only 236 colour va­

lues remain. Thereby 20 of the 256 representable colour values 

are available for arbitrary video independent representations. 

This procedure has the advantage that image elements small in 

area are taken into account sufficiently and that the total dis­

tribution of the colours is represented by the derived colour 

palette. 

A QPEG-image converter 5 uses the colour palette derived such to 

assign to the pixels of the individual images one of the 256 co­

lour values. It is not necessary to represent the colour values 

of the pixels by one 24 bit-RGB colour value, however a 8 bit­

index is sufficient which can address a suitable RGB value in 

the derived colour palette. 

The QPEG-image converter 5 further serves for equalizing indivi­

dual images as far as· necessary. The . QPEG grapper 1 not always 

transmits the individual images or pixels in a height/width-ra­

tio of 1:1. This distortion can be equalized by the QPEG image 

converter 5. Furthermore, the QPEG image converter 5 can carry 

out a reduction of the adjustable target size, e.g. from 576 

rows and 720 columns to 288 rows and 360 columns. 

A QPEG-delta-compression device 6 compresses the individual ima­

ges generated by the QPEG image converter 5 with reduced colour 

value representation. The QPEG-delta-compression devic~ 6 simu­

lates a course of the scene based of threshold values for signi­

ficant brightness and colour value variations. Namely each video 

scene is represented by a complete start image followed by dif­

ferential images until the scene end is reached. In calculating 

the differential images only pixels are taken into account the 

variation thereof exceeding a threshold value for the brightness 

and colour value difference. 
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The examination of the colour value variation of the pixels ta­
kes place based on the image which would be seen by the viewer 
during reproduction compared with the image which is to be seen 

as next. Because of this reason during the differential image 

calculation the reproduction course has to be carried out with 
the simplification done and known during the· threshold value ex­

amination. Therefore it is guaranteed that each shown image does 

n9t deviate more from the original than is provided by the 
threshold value. If only successive images without obervation of 

the actual course of· events are observed small and continuous 

pixel variations which are below the threshold values in conse­

cutive images, however are above the threshold after several 

images would not show up. Therefore sof.t image transitions would 
be falsified. This makes it possible to calculate differential 

images which include less data. but carry the full information • 

. 
Thereafter the QPEG delta compression device carries out a delta 

compression of the differential images. This is a conversion 

into the operations of a virtual compressio·n/decompression ma­
chine. The operations include a variably long operation code {l, 

2, 3 bits) and an operand p~rtion (7, 6, 5 bits) used up to the 
next bit limit. The coding is assigned in view of the Huffmann­

coding and the fast decoding (often occuring operations have a 
1/2 bit code, rare ones a 3 bit code). The operation starts at a 

bit limit. 

The thus derived ·compressed differential images representing a 

compressed coloured video scene are stored thereafter in a data 
memory 7. 

According to a different embodiment the differential images are 
generated wherein the colour optimizer 4 has not previously re­
duced the three-dimensional RGB colour space from about 16 mil­
lion colour values to 236 colour values. The QPEG delta compres­

sion device forms the differential images from the untreated in­

dividual images. I.e. , the true colour individual images are 

-----·------ -~~-------·---
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used. Thereafter again the compression is carried out. In this 
embodiment all true colours· are maintained so that in a possible 
reproduction not only 236 colour_ values are used, as they are 
suitable for the screen of a PC, but all originally present co­
lour values are used so that a normal video reproduction is pos­
sible. Apart from the calculation of the differential images and 
apart from the compression · of the differential images further­
more the colour palette can be calculated with the reduced co­
lour values and the colour values for the differential images 
can be reduced by the colour palette. 

According to a different embodiment the individual images output 
from the QPEG image converter 5 are not directly used to gene­
rate the differential images. The individual images output from 
the QPEG image converter 5 are smooth. A running means over 
three to five individual images is calculated for each corre­
sponding pixel. The running means has the advantages effect that 
the noise is strongly reduced. 

According to ap even other embodiment, also colour palettes are 
calculated for a true colour representation in order to repre­
sent a pixel with only one bit . instead of three (for the red, 
green and blue portion). For a view consecutive individual ima­
ges a three-dimensional RGB colour space is established and a 
colour palette with 256 colour values is calculated as described 
above, this is used for the following individual images as long 
as the colour and brightness differences do not exceed a 
predetermined distance to the values of the colour palette. Then 
from a view individual images a colour palette with 256 colour 
values is calculated newly. From the colour palette used up to 
then colour values are deleted which are the least important 
ones in the following·images to be converted. Those places which 
become empty are filled with the most important colours of the 
new colour palette. This procedure is repeated arbitrarily 
often, so that the most pixels can be represented by one bit 
although the number of used colours is larger than 256. 

--···----·------
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As was described above for each individual video scene (take) a 

colour palette is obtained, or a colour palette is obtained for 

a subscene. Therefore in the transition from one scene to the 

next scene individual images may follow each other which are re­

presented by very different colour palettes. The conversion from 

one colour palette for the previous scene used for representing 

the last image to a colour palette for the following scene with 

which the first image is to be represented shows problems using 

graphic boards with' a 256 colour representation. Image display 

·and adjustment of the colour palette are processes which can be 

carried out only consecutively. If the adjustment of the colour 

palette for the following scene is caused when the last image is 

displayed, there is the consequence that the last image is seen 

with wrong colours of the colour palette for the following scene 

which is not suited. The transition from a .previous scene with 

one colour palette for the preyious scene to a following scene 

with a colour palette for the following scene is carried out 

with a first method such that in the last pictu'.re/-s of the 

scene the brightness of the colour palette .for the previous 

scene is carried out by calculating the colour ~alues in one or 

more steps to the values red = o, green = o, blue = o (colour 

black) • ·· In this state each arb,t trary image appears as a black 

rectangle.· Now, the first image of the following scene is dis­

played. This can be seen also as a black rectangle. Thereafter 

the colour palette for the following scene is calculated with a 

first image/-s of the following scene in one or more steps from 

the brightness black to the original brightness of the colour 

palette for the following.scene. 

·It is not always desired that two scenes are separated from each 

other by a more or less short fade out and fade up. Rather it is 

desired that two scenes run without transition steps so that the 

transformation of the colour palette is not detectable for the· 

viewer. 
--·----·----------------··-·-
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Therefore, in a different embodiment each colour palette sup­
plied by the colour optimizer 4 is obtained such that during re­
production of scene transitions in a simple manner a transition 
colour palette with interleaved entries from both associated co­
lour palettes can be used which makes it possible that the last 
image of the previous scene is displayed with half the number of 
colour values (118)· as well as the first image of the following 
scene is displayed with half the number in an appropriate qua­
lity. The colours are arranged in the colour palette such that 
an even colour index indicates a colour which is as similar to a 
colour as possible which is indicated by a following odd colour 
index. 

The colours are arranged in the colour palette according to 
pairs of similar colours. All conceivable sensible colour pairs 
of a colour palette 236 x 236 / 2 - 236 = 27612 are calculated. 
This results into a triangle matrix with diagonal which is .e.g. 
occupied in the upper right portion. Thereafter the point di­
stance dij (Pi, Pj) is calculate~ in the above-described manner. 
The colour pairs are ordered in increasing distance. A colour 
occupation vector is obtained, the ·number of components thereof 
being the same number .(236) as the number of colour values in 
the colour palette. ·From the list of sorted colour pairs the co­
lour pair with the smallest distance is taken. The t;.wo used co-

· lours are registered in the colour occupation vector. Then, the 
colour pair with the smallest next distance is taken and regi­
stered into the colour occupation vector as far as the two co­
lours of the colour pair are not yet registered in the colour 
occupation vector. This is carried out until nearly all colours 
are registered into the colour occupation vector. Only the last 
colour pairs the colour difference of which being large to the 
other colour pairs are . separated, and each colour is assigned 
the same colour as a partner. 

If colour palettes exist for all scenes the colours thereof 
being similar in pairs, during reproduction of arbitrary conse­
cutive· scenes, the desired interleaved colour palette can be ad­
justed from the colour palettes of the previous and the fol-
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lowing scenes at the transition position. By this procedure a 
pleasant smooth transition from one scene to the next scene ~s 

obtained. 

~s is shown in Fig. 2 the reproduction of compressed coloured 
video scenes is carried out by a so-called Q~EG player ~. The 
QPEG player 8 is connected with a QPEG event control 9. The 
event control checks for each individual image to be reproduced 
according to a function delivered as a parameter whether an 
interesting event has occured. If an interesting event has 
occured, this. is delivered to a reaction function for treatment. 
During a running video it can be caused e.g. that only the left 
sound in general can be heard, or a text is displayed, etc •. It 
can b~ caused that the reproduction is stopped or broken off, or 
the video can be displayed faster or slower or backward, or it 
can be continued with a different scene. 

The QPEG player 8 comprises a decompression device 10. The de­
compression device takes over the compressed coloured video 
scenes from the data memory 7 and carries out a decompression 
containing inverse operations as were carried out by the QPEG 

delta compression device 6. 

Furthermore, the QPEG player 8 takes over data from an audlo me­
mory 11 wherein the audio signals belonging to the scenes are 
stored. 

The QPEG player 8 is operated under the control of a ·QPEG clock 
generator 12. The QPEG clock generator 12 uses two of three ge­
nerally present- chan.nels of a PC which are associated to a ti­
ming circuit. This refers to the BIOS clock, the RAM refresh 
portion and the sound generation for the PC loudspeakers. The 
BIOS clock is generally associated to channel o. The loudspeaker 
is general!~ associated to channel 2. 

The channel 2 is synchronized with the channel o since channel 2 
itself is not interruptable.· 

-----------------------

iifliiiiui 
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Because of compressing it i=:;; possible to feed in at least 25 

images per second from the data memory 7 into the QPEG player 8. 

A clock is generated wherein the states of the two channels 0 

and 2 are synchronized to each other at a starting timing. The 

channel o used by the BIOS clock supplies 18,2 per second~an in­

terrupt. Its counter runs twice through the range of . values 

o ••• 65535. In order to take the precise timing the channel 2 is 

started when the above interrupt occurs. Because a small offset 

cannot be avoided it runs with a difference delta parallel to 

channel o. The counter of the channel 2 runs through the clock 

time 1/18.2 seconds once the range of values o ••• 65535. 

If corrections are applied for the differents delta and the read 

out of the two counters, the time can be taken with a precision 

of 0.1 msec. Thus, the clock generation 1/25 sec is guaranteed 

for each image. 

The individual images which are decompressed in the decompres-
•. 

sion device 10 and which are converted in images having the cor-· 

rect tact in the QPEG player are displayed on a screen 13, while 

the associated audio signals are output through a loudspeaker 

14. 

------·----·------------··---·-··----··· 
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CLAI:MS 
I If Ill~ m1~ 11{~ Hl!I ~If II 

1. A method for generating a compressed coloured video scene 
from a coloured original scene, comprising the steps of: . 
(a) entering of colour values of pixels of individual images of 
the original video scene into a three-dimensional colour space; 
(b) dividing the three-dimensional colour space into a plurality 
of colour rectangular parallel epipeds; 
(c) assigning a mean colour value to each colour rectangular 
parallel. epiped; and 
(d) replacing of each colour value of the colour rectangular 
parallelepiped by the colour value assigned in step (c). 

2. The method according to claim 1, 
wherein the step. (b) comprises the· following steps: 
(bl) first division of the three-dimensional colour space into a 
plurality of first colour rectangular parallel epiped such that. 
each first colour rectangular parallel epiped contains the same 
number of pixels; 
second division of the three-dimensional colour space into a 
plurality of second colour rectangular parallel epiped such that 
each second colour parallel epiped contains the same number of 
colours; 
and wherein the step (c) comprises the following steps: 
(cl) determining ~ mean first colour value in each first rectan­
gular parallel epiped; 
(c2) determining a mean second colour value in each second 
rectangular parallel epiped; 
(c3) determining those two mean colour values having the smallest 
distance from each other in the colour space and replacing these 
two colour values.by the mean value; and 
(c4) repeating the step (c3) until a first desired number of co­
lour values is obtained. 

This Sheet Has Been Replaced 

.1111111111111111111111111 



13 

111111111111111111111111111111 
* C L M S * 

3. The method according to claim 2, 

wherein the step (c4) comprises the following steps: 

(cS) determining a predetermined number of differing colour va-. 

lues in the three-dimensional colour space which show the lar-

gest distances to the other colour values; ~ 

(c6) adding the differing colour values to the first desired num­

ber of colour values; ~nd 

(c7) repeating the step (c3) using the such obtained colour va-
" lues until a second desired number of colour values is obtained. 

4. The method according to one of claims 1 to 3, 

comprising the steps of : 

(a1) dividing the coloured original video scenes into a plurality 

of subscenes, and 

(a2) determining the three-dimensional colour space in step (a) 

for each subscene. 

s. The method according to claim 4 

comprising _the steps of: 

providing a threshold value; 

determining for one individual image following to the sub­

scene whether a difference between the colour values of the fol­

lowing individual image and the colour values associated in step 

(c) exceeds the threshold value; and 

establishing of 256 new colour values consisting of the 

still necessary colours of the colour'values associated in step 

(c) and containing such new colour values that it is prevented 

that the threshold is exceeded. 

6. The method according to claim 5, 

wherein colour values of the first individual image of the sub­

scene are not taken into account, if the colour values of the 

already following individual image are include4 because of 
exceeding the threshold. ---------- ....... -------·----;.---.----·· 

ii iii Of 
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7:. A method for generating a compressed coloured video scene 
from a coloured original video scene, 
comprising the steps of: 
(e) determining of two individual images of the original video 
scene.following each other; 
(f) determining of threshold values for the brightness and co­
lour value difference of the pixels of the two individual images 
following each other; 
(g) determining a differential image for the two individual ima­
ges following each other with di.fferential pixels in response 
whether the threshold value for the brightness and colour value 
difference is exceeded; and 
(h) compressing the differential images. 

8. The method according to claim 7, 
wherein in step (e) the colour values are replaced by a method 
according to claim 1. 

9~ The method according to claim 7 or 8, 
wherein after step (e) the following step is carried out: 
(el) determining a running means for the brightness and colour 
values for the pixels of the individual images, wherein the run­
ning means is taken over a predetermined number of individual 
images following each other. 

10. The method according to one of claims 1 to 9, 
comprising the steps of: 
( i) determining the last ··individual image of an original video 
scene and the first individual image of the following original 
video scene; 
(j) ordering the colour values of the last individual image ac­
cording to the colour similarity and ordering the colour values 
of the first ·individual image according to the colour s.imila­
rity. 

1iiii1ifr 
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11. A method for reproducing of coloured video scenes compressed 
according to.one of claims 1 to 10, 
comprising the ste~s of: 
{k). decompressing the differential ~mages; 
(1) adding the differential images for retrial of the individual 
images; and 
{m) displaying the indiv.idual images on a screen. 

12. The method according to claim 11 
wherein the step (m) comprises the following steps: 
{m1) generating a clock signal; 
{m2) dividing of individual clocks of the clock signal into sub­
clocks; and . ' 

{m3) deriving a timing clock for controlling the reproduction of 
the individual images from the subclocks. 

13. The method according to claims 11 or 12 
wherein a predetermined number of the last individual images of 
a video scene is reproduced with half of the corresponding 
brightness and colour values, 
the missing brightness and co~our values being taken from the 
first individual images of ·the following video scene. 

14. The method according to claim 11 or 12 
wherein the last image of a previous video scene and the first 
image of a following video scene are displayed with half the 
number of colour values, 
comprising the steps of: 
{n) forming a transition colour palette from the colour values 
having even index of the previous scene and of the colour values 
with odd index of the following scene, 
(o) changing the pixels of the last image of the previous scene 
having an odd value to the next lower even value, 
(p) changing the pixels of the first image of the beginning 

' scene having an even value to the next higher odd value; 
{q) displaying the last image of the previous scene, 
(r) ·displaying the first image of the following scene, 
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(s) adjusting the colour palette of the following scene, wherein 

the changes in the steps (n) to (p) may be excecuted reversely. 

15. An apparatus for generating a compressed coloured video 

scene from a coloured original video scene and for reproducing a 

compressed coloured video scene, comprising: 

(i) a digital or analog video source (2), 

(ii) grabber means (1) for extracting of individual images from 

the video source (2) and storin9 the individual images in a data 

memory (3); 
(iii) colour optimizing means (4) for collecting the colour va­

lues of the pixels of individual images in a coloured original 

video scene for dividing the three--dimensional colour space 

spent by the colour values into colour rectangular parallel epi­

peds and associating a mean colour value to each colour rectan­

gular parallel epiped; 

(iv) image transformation means (5) for generating of individual 

images with the colour values; 

(v) compression means (6) for compressing the individual images 

and storing the compressed individual images; 

(vi) decompression means (10) for retrieving the compressed indi­

vidual images and for decompress~ng the individual images; and 

(vii) a clock generator for controlling the clock for reprodu-

cing the decompressed individual images. 
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