
1                   EP 0 270 259 B1                 2 Description
adding noise to the digital signals, but the noise tends to cause an
unacceptable general deterioration of the The invention relates to an
electronic processing  picture before the contours or steps are obscured.
apparatus for processing digital image data and to a  Furthermore an
article entitled Shaded Computer method of processing digital image data.
The inven-   5   Graphics in the Entertainment industry" by Franklin tion
thus includes systems for processing television  C. Crow, University of
Texas, published in Computer, video signals for editing purposes and
graphics sys-  March 1978 refers to a 2-D animation system de- tems for
creating, retouching or editing pictures in-  signed at NYIT Including an
interactive shaded draw- tended to be displayed, televised or printed. In
the fol-  ing system. An Airbrush can be simulated by scatter- lowing the
term video signal processing is intended   10  ing random dots of proper
colour on the image in a also to include the transmission of video signals.
probabilistic distribution around a position sent from Video signal
processing systems are often de-   a data tablet. The problem discussed in
the preceed- signed to process video signals in digital form. For ex-  ing
paragraphs is not touched upon on this article. ample, in a colour
processing system an individual     US patents US-A-3739082, US-A-4275411,
US- picture point signal, orpixel, may comprise three eight  15  A-4460924,
US-A-4568966 and US-A-4652905 de- bit binary digital signals representing,
say, R.G.B, or  scribe various systems fordither-quantized signalling
Y.U.V, or C.Y.M, components of the pixel. The use of  forcolour television.
In these systems, the video com- digital video signals facilitates
processing and reduc-  ponents are coarsly quantized before transmission to
es degradation of the information due to noise during  a receiver. To
prevent loss of perceptible picture infor- the processing. However it
limits the number of lumi-  20   mation in consequence of the course
quantisation of nance or colour values which can be represented by  the
signal amplitude and to minimise visible artefacts, the processed signals,
depending on the number of  suitable ordered dither is first added to the
signal be- bits in the digital signals, and in some cases can pro-  fore it
is quantized. A black and white picture, for ex- duce noticable effects
which are undesired. This may  ample, transmitted by dithered and coarsely
quan- happen for example if a gradual change in the lumi-  25  tized
signalling is reproduced having a stippled struc- nance orcolourvalue is
represented by the digital sig-  ture such that a shade of gray
intermediately between nals. The digital signals may step from one value to
quantum signal levels is approximated by means of a an adjacent value along
a line (not necessarily hori-  mixture of dots, some lighter and some
darker than zontal) in the picture, and remain constant at the new  the
required shade. The dither Image is a two dimen- value over a band in the
picture until the next step in  30  sional ordered dither pattern which has
a rectangular value occurs. The change in luminance or colours at  array of
dither samples repeating horizontally and a step may be small, but
nevertheless can be disturb-  vertically over the entire television
scanning raster, or ingly perceptible especially if the picture is printed
or  may be a three dimensional dither pattern which shown as a still
picture on a monitor screen. The steps  changes between successive frames
of the televised may have the appearance of contours.          35  moving
picture. Colour components as well as lumi- Such effects are particularly
undesirable, but un-  nance components may be dithered before quantisa-
fortunately likely to occur when it is desired to pro-  tion and this
results in a pointillistically coloured dis- duce a vignetting effect or a
so called colour wedge  play wherein differently coloured specks or patches
on a printed or displayed picture. To produce such an  are intermingled and
give the subjective effect of in- effect, the luminance or colour value of
the picture is  40  termediate colours or shades. required to change
gradually from an Initial luminance  FR-A-2,007,849 and the corresponding
GB-A- or colour value to an end value over a predetermined  1,269,093
discloses a system In which raster dots of distance on the picture. The
effect could be produced  different sizes are mixed with statistical
distribution in by specifying two end colours for the wedge, for ex-  order
to avoid gradations in density transitions. A pic- ample dark blue and
light blue, and the positions of  45  ture is represented by a voltage
signal and a triangu- the beginning and end of the wedge. Signals are gen-
lar waveform is applied to the picture signal by way erated to produce a
line of dark blue at the beginning  of a biassing circuit. of the wedge and
light blue at the end of the wedge,   EP-A-0259695, cited under Article
54(3) EPC and lines in between are generated in gradually    during the
prosecution of this application, describes changing shades of blue with the
aid of a computer.  50   a method and apparatus in which image data com-
Each of the colour component signals may be repre-  prises an integral part
and a decimal part. The deci- sented by eight bits, allowing only a limited
number of  mal part is used to compose a random number from shades, with
the result that there are distinct changes  which a composite value is
derived and compared in colour between lines, which can result in a stripey
with a reference value. The integral part of the image display. The problem
can be aggravated in printing,  55  data is modified depending on the
result of the com- as usually fewer colour or luminance steps are avail-
parison. able compared with television.                        The present
invention aims to provide a video sig- It has been proposed to resolve this
problem by  nal processing system in which the value of a charac- 2    



3                   EP0270259B1                     4 teristic of picture
points is conveyed by digital signals  ue. and in which the danger of
undesired visible effects   The above and further features of the invention
due to the use of digital signals is substantially re-  are set forth with
particularity in the appended claims duced.
and together with advantages thereof will become The present invention also
aims to provide a sys-   5   clearerfrom consideration of the following
description tern in which a gradual change in luminance or colour  of
preferred embodiments of the invention given with can be created without
undesired visible contours or  reference to the accompanying drawings, in
which: steps.                                                 Figure 1
illustrates a colour graphic system em- According to one aspect of the
invention there is  bodying the invention; provided an electronic
processing apparatus for proc-  10  Figures 2 and 3 show respective details
of oper- essing digital image data defining pixels which to-    ation of
the system shown in Figure 1; gether represent at least one image, wherein
output    Figures 4 and 5 illustrate an effect achievable us- image data
representing each pixel In terms of one of  ing the system of Figure 1; a
multi-plicity of available characteristic values is pro-  Figures 6 (a) and
6 (b) illustrate the principles of duced from input image data representing
each pixel  15  operation of a second embodiment of the inven- in terms of
a desired characteristic value which is de-  tion; fined to an accuracy
greater than that of the output   Figure 7 is a schematic diagram of a
system com- data such that the desired characteristic value can be  prising
the second embodiment; defined as a value between available output charac-
Figure 8 illustrates the principles of operation of teristic values, the
apparatus comprising: a source of  20  the system shown in Figure 7; input
image data defining the desired characteristic   Figure 9 illustrates a
prior art system for combin- value of each pixel in terms of a high order
number  ing video signals representing two pictures; and corresponding to
one of said multiplicity of available  Figure 10 illustrates the
application of the inven- values and a low order number representing the
dif-   tion to the system illustrated in Figure 9. ference between the
desired value and said corre-  25  Turning now to Figure 1 of the
accompanying sponding available value; generating means for gen-  drawings
the system illustrated therein comprises a erating data representing a
random number; compar-  colour graphic system. It includes a touch tablet
1, ing means for comparing the random numberwith the  and a stylus 2 which
can be moved on the surface of low order number and for producing a binary
output  the tablet by an operator to simulate the movement of value
depending on whether the random number is  30   a graphic implement, such
as a brush, over a canvas greater than or less than the low order number;
and  or paper. The line 3 on the drawing represents, for ex- output means
for outputting as the output Image data  ample, the stroke of the stylus
point on the touch tab- an available characteristic value determined by the
let, although the stroke would not norrially be visible. high order number
and the binary value.            The stylus is so constructed that, when
manipulated, According to another aspect of the invention,  35  it
generates a signal representing the pressure with there is provided a
method of processing digital image  which it is applied to the touch tablet
and this signal data defining pixels which together represent at least  is
converted to an eight bit digital signal in a converter one image, wherein
output Image data representing  4 and applied as the multiplier to a
multiplying circuit each pixel in terms of one of a multiplicity of
available  5. characteristic values is produced from input image   40  The
touch tablet 1 produces signals representing data representing each pixel
in terms of a desired  the x and y coordinates of successive points on a
characteristic value which Is defined to an accuracy  stroke such as 3,
made by moving the stylus over the greater than that of the output data
such that the de-  touch tablet. These signals are applied to a computer
sired characteristic value can be defined as a value  6. Reference 7
represents input means for the com- between available output characteristic
values, the   45  puter by which the operator can apply command sig- method
comprising: obtaining input image data defin-  nals to the computer,
representing for example (as in- ing the desired characteristic value of
each pixel in  dicated on the drawing) the colour which he desires terms of
a high order number corresponding to one of  to use, his choice of graphic
Implement, and an effect said multiplicity of available values and a low
order  he desires to produce. The input means 7 provides a number
representing the difference between the de-  50  choice of graphic
implements including say paint sired value and said corresponding available
value;  brush, pencil, chalk, or air brush. In this system the generating
data representing a random number; com-  invention is operative only when
air brush is chosen paring the random number to the low order number   by
the operator (though it could also be applied when and producing a binary
output value depending on   other implements or effects are selected, if
desired) whether the random number is greater than or less  55  therefore
it will be assumed hereafter that input than the low order number; and
outputting as the out-  means 7 has been operated to simulate the use of an
put image data an available characteristic value de-  air brush. termined
by the high order number and the binary val-  In response to an input from
7 representing a 3    



5                   EP0270259B1                     6 choice of colour, the
computer 6 selects the appropri   picture point In the brush stamp 12, is
an eight bit con- ate colour component signals from a colour register 8,
trol signal K, representing the distribution signal mul- which is the form
of a RAM. The component signals  tiplied by the stylus pressure and by the
stencil value. may be YUVCYM or RGB or other sets of signals.        The
control signal K is applied to a complement- The selected colour component
signals are input to a   5   ing circuit 15 and to a further multiplier 16.
The output processor 9 which processes each colour component  of the
complementing circuit, which represents (1-K), signal separately. However
the processor for all col-  Is applied to yet another multiplier 17.
ourcomponents is similarand the presentdescription     The second input to
the multipler 16 comprises will be confined to the operation of the system
forone  the colour signals selected from the colour register 8 component
only. In response to an input signal repre-  10  by the computer 6. We are
now considering only a senting a desired implement the computer applies a
representative color component signal, which will be signal to a shape RAM
10 to select, for use in the im-  identified as SI. The output of the
multiplier 16 forany age creation process, a group of signals which define
picture point represents KS1. The second input to the a spatial
distribution of drafting medium produced by  multiplier 17 is the
respective colour component value the selected implement in the vicinity of
the point des-  15  S2 read from a picture frame store 18. The particular
ignated, at any particular instant, on the touch tablet  picture point read
from the frame store at any time is 1 by the stylus 2. Various groups of
signals for differ-  determined by the computer 6 in response to the co-
ent implements are stored in the RAM 10, but as al-  ordinate signals from
the touch tablet 1. For each ready indicated it will be assumed that the
group for  point x,y designated by the touch tablet, the computer air brush
is selected.                        20  generates a sequence of addresses,
being those of This group may be as represented by figures 2   the matrix
points represented in Figure 2, when the and 3. In figure 2 a matrix of
picture points is repre-  brush stamp is located with some reference point
at sented, forwhich distribution signals are stored whilst  the address x,
y. The sequence of addresses gener- figure 3 represents the value which the
distribution  ated by the computer 6 is applied to the frame store signals
might have along a central line of the matrix  25  and also to the stencil
store 13 by the read circuit 19 of picture points. The boundary of the
distribution  and any signal stored in the frame store 18 or the area (the
so called brush stamp) for the selected im-  stencil store 13 is read out
to the multiplier 17 or the plement is represented by the circle 12, and in
the  multiplier 14 as the case may be. Therefore for every case of the air
brush the number of picture points in-  picture point in a brush stamp the
multiplier 16 deliv- cluded within the stamp could cover an area greater
30  ers an output KS1, representing an input of a selected than that
indicated. The distribution signals within the  colour to a picture point
selected on the touch tablet. boundary have values between 0 and 1, 1
represent-  At the same time, the signal S2 from the store 18 rep- ing
maximum distribution. For air brush the distribu-  resenting any colour
previously applied to the select- tion is substantially less than 1 even
near the centre  ed picture point, is multiplied by (1-K) in multiplier 17.
of the stamp. Outside the brush stamp boundary the   35  As shown the
output of the two multipliers 16 and 17 distribution signals are zero. As
the computer 6 re-  are added in an adding circuit 21 and the resultant
ceives signals from the touch tablet 1, representing a  KS1 + (1-K) S2 is
applied, via a write circuit 20, to the point designated by the stylus 2,
the shape RAM 12  address in the frame store 18 of the picture point in is
caused to applythe distribution signals successive-  question. ly, for all
points in the matrix, to the multiplier 5 which   40  Therefore the newly
selected colour is blended at multiplies each distribution signal in turn
by the pres-  each respective picture point with the old colour sure signal
from the stylus 2.                     thereat, under the control of the
signal K, which for As already stated the input means 7 allows the  any
picture point is dependent on the distribution sig- operator to choosefrom
among a group of effects and  nal from 10, the stylus pressure signal form
4 and the apply an appropriate signal to the computer 6. One   45  stencil
signal from 13. By moving the stylus 2 relative such effect is "stencil"
and reference 13 denotes the  to the touch tablet 1, the operator can cause
the sig- stencil store which is capable of storing a frame of  nals for
sequences of brush stamps to be generated keying signals representing a
stencil. For example  and processed. the keying signal may have unit value
for picture      As so far described the system illustred in Figure points
where the stencil is transparent, zero value   50   1 is of the same
general construction as the graphic where the stencil is opaque, and change
gradually in  systems which are sold under the trade mark PAINT- marginal
area between there two values. When sten-  BOX by the present applicantand
described in, forex- cil is selected by the input means, the keying signals
ample, British Patent No. B 2140257 and US Patent representing the stored
stencil value from addresses  No 4633416. in the store 13 identified by the
computer 6 are ap-  55  As represented in the drawings, the signals from
plied to a multiplier 14 which receives from the multi-  the signal sources
4, 8, 10 and 13 are eight bit binary plier 5 the distribution signals
multiplied by the stylus  signals and the signals produced by the
multipliers 5 pressure. The output from the multiplier 14, for each  and 14
and by the circuit 15 are also limited to eight 4    
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However, when air brush is selected, the  If the random number is less than
or equal to the value multipliers 16 and 17 are arranged to deliver their
out-  of the LSB, 1 is added in the lowest bit place of the puts in sixteen
bits, so that they can form the product  MSB by the adding circuit 32.
However if the ramdom of the two eight bit inputs without rounding off, and
number is greater than the LSB, no addition is made the frame store is
arranged to be 16 bits deep. (When   5   to the MSB. implements other than
air brush are selected, the      The effect of this is to switch the value
of the eight lower significant bit places in the store 18 can  MSB, without
order, to cause the MSB to represent, be used for other purposes).
Moreover, as indicated  for any one picture point, either a value above or
a val- in Figure 1, only the eight most significant bits from  ue below
that represented by the original 16 bit video any picture point addressed
by the computer 6, are  10  signal. Moreover the probability of the said
one value fed back to the multiplier 17 for combining with a new  or the
said other value occuring for any one picture input. Rounding off in the
multipliers 16 and 17 is  point is dependent upon the value of the LSB.
Dither avoided, when air brush is selected because any one  is thus added
to the MSB to reduce the risk of steps address in the frame store may be
accessed many    or contours appearing when the display is produced times
when processing a stroke such as 3, due to  15  by the MSB. The dither is
such that over a substantial overlapping of successive brush stamps (which
are  number of picture points originally represented by the relatively
large in the case of the air brush). In addi-  same 16 bit value, there is
a high probability that the tion, a number of passes may be made overthe
same  colours, though differing slightly, will average visually picture
points. Rounding off could therefore result in  to the correct value when
produced by the dithered errors accumulating at various picture points in
the   20   MSB. Itwill be noted that the dithered MSB are written frame
store 18, which could be significant in relation  back in the framestore 18
in the appropriate storage to the values of the distribution signal and the
control  locations for future use. signal K which may be quite small for
air brush.       The effect of the dither circuit is illustrated in Figs
Reference 33 denotes a sequential read circuit  4 and 5. The figures show
three rows each of nine pix- which reads the picture signals stored in the
frame   25  els in a patch of the picture afterair brushing. The pix- store
repeatedly in a suitable raster sequence. The  els in row 1 of Fig 4 are
shaded to represent that the signals so read, which are confined to the
eight most-  lowest order bit of the MSB read from the store 18 has
significant bits of the signals in the store even when  value 1, whereas
the picture points in rows 2 and 3 they are of 16 bits, are applied to
utilisation circuit 34,  are shown blank to represent that this bit has
value 0. which may be a dot printing circuit or a television   30  It is
assumed that value represented by the LSB in transmission channel, and are
also applied to a colour  row one is 0, that in row two is 191/256 and that
in row monitor 36 via a colour converting circuit. Reading,  three is
127/256. In fig 4, the shading of the pixels is when effected by the
circuit 33, is interleaved with any  selected to show the step which will
be produced in reading effected during picture creation, and is fol-  the
respective colours or luminance value by discard- lowed by rewriting. The
converting circuit 35 is used   35  ing the LSB without using the
information contained to convert the colour components, if necessary, to
within them. Figure 5 on the other hand represents suit the monitor 36; for
example if the colour compo-  the effect of the dither. The number
generator 30 gen- nent signals generated by the circuit are CYM where-
erates at random all numbers in the range 0 to 255. as the monitor needs
RGB signals.                  At any time when the LSB have the value
191/256, After each selection of air brush, when another  40  the
probability of the random number from the gen- implement is selected, any
sixteen bit picture signals  erator 30 being less than or equal to 191 is
3/4. On in the store 18 are reduced to eight bit before the new  average
therefore at 3 out of 4 picture points in row selection becomes effective.
To achieve this reduc-  2, one will be added in the lowest order bit place
of the tion, whilst avoiding the risk of introducing steps or  MSB and the
respective video signal will become contours due to the coarser
quantisation, a dither cir-  45  equal to the video signal for the picture
points in row cuit is added to the system as described. The dither  1.
circuit comprises a random number generator 30,        The remaining 1 in 4
picture points in row two will which generates 8-bit numbers, a comparator
circuit  remain at the original values, with the lowest order 31 and an
adding circuit 32. After use of the air brush  MSB equal to zero. the video
signals held in the store 18, which will (as  50  Therefore provided that
the patch is big enough, stated), be 16 bit signals, are read sequentially
in ras-  the average value of the video signals for row two will ter format
by means of the sequential read circuit 33.  approach the correct colour
value. Similarlyfor row 3, The 8 most significant bits MSB which appear in
the  but in this case an average of 1 in 2 video signals will circuit 31
are applied to an adding circuit 32 and the  dither to the value of the
video signals in row 1. Due eight least-significant bits LSB are applied to
the  55  to the use of a random number generator, the dither comparator
circuit 31. In the comparator 31, the LSB  is positionallyrandom and
withoutorderand therefore are compared with the number which is generated
by  the risk of dot patterning being created in place of the random number
generator 30 atthe relevant time.  steps or contours is small. As the
dither is indepen- 5    
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positional relationship of the picture  A circuit for achieving this kind
of dither is shown in points, it is effective for steps or contours of
different  Figure 7. The beginning and end colours in the wedge
orientations or curvatures.                        are predetermined and a
computer 40 generates the The inventions can of course be used with other
addresses required. The computer then makes avail- implements, in addition
to the air brush, and in other   5   able at lines 41 and 42 signals
representing the start forms of video signal processing circuits. For
example  colour and first colour level thereafter. For the first the
invention is useful in video effect generators for  line the switch 3
selects the start colour from line 41 producing colour wedges in colour
printing. Figures 6  for all dots but the next few lines will be a mixture
of to 8 illustrate such a generator which produces an  the two colours, in
this case the start colour which output for a colour printing machine to
print a colour  10  serves as a base colour, and the next colour level.
wedge extending vertically. The electronicsignals fed  The computer outputs
at 44 a number which corre- to the printing machine produce signals on the
display  sponds to the proportion of the first colour level after in the
form of an array of dots which vary In area line  the start colourwhich is
to make up the line of signals, by line to cause the intensity of the
respective colour  this number representing the position of the line be- to
vary gradually from bottom to top of the wedge.  15  tween the base colour
and the next colour. This will However, due to the fact that the electronic
signals at  be, say, 1/8th for the first line, 1/4 for the second etc, some
point are digitised to form say eight bit digital  and it remains unchanged
during the time taken to signals, the number of luminance or colour values
produce the line. This number is compared in a com- which can be
represented by the digital signalsforany  parator 45 with a number between
0 and 1 generated one picture point is limited and the resolution of the
20  for each picture point in a line in a random number printing process is
such that a significant number of  generator 46. When the fixed number
generated by lines of dots are created between each two adjacent  the
computer is less than the random number gener- level changes. Consequently
the wedge tends to pro-  ated in generator 46 a switch 43 operates to
select the duce unwanted step like changes in luminance or col-  base
colour signal as the video signal for that picture our and these are
clearly visible to the human eye in  25  point signal. If the random number
for a picture point the printed picture.                               is
less than the fixed number, the next colourlevel sig- The colour wedge as
printed may thus have the   nal will be chosen and so on until a line of
signals has appearance represented in a very simplified version  been
output to the printing machines and to a display. of a colour wedge as
shown in Fig 6a and 6b. The be-  Forthe next line a newfixed numberwill be
compared ginning and end of the wedge are defined as colour  30   with the
random number from the generator 46. As In A and colour B. The number of
binary bits used for the  figure 1 the use of the comparator and random
num- video signals is such that between these two colours  ber generator
ensures that the correct proportions of there are, say, 256 different
colour values or levels  the two signals make up one line but that the two
sig- available each level covering say 8 lines before the  nals are
distributed randomly along that line. step to the next colour level. These
numbers will of  35  When the next line to be made up of a single col-
course vary according to the size of the wedge and  our level signal is
reached, the computer operates so the beginning and end colours. On
printing, each col-  that the colour signals which were input at 42 become
our value is determined by selecting dot areas for the  the base level
signal at input 41 and the next level sig- printing primaries forthe
respective line of the wedge.  nal is input at42. Forthis line of single
colourthe fixed Fig 6a shows the effect described above and Fig  40  number
is of course zero. In this form of the invention 6b shows one step
magnified. If we consider the suc-  the number provided by the computer
when taken cessive colour values C and D as shown in Fig 6b   with the
different colour levels or values provides a there are 8 lines between the
two levels. In prior art  desired value for the colour to an accuracy
exceeding systems it was known to change the dot area midway  the colour
levels by themselves. between C and D. In this embodiment of the invention
45  When the video signals are to be printed at full the sharp change
between one line of colour C sig-  size, the printscanner scans the signals
in the image nals and one line of colour D signals Is avoided and  and
taking successive patches of, say, four picture intervening lines are
produced as a mixture of the two  point signals produces dots whose size
depends on colours. The proportions of the mixture are calculated  the
average of the video signals for these four picture according to the
position of the line in the wedge re-  50  points. The size of the dot used
in printing, for each ferred to C and D, butthe two coloursignals are mixed
primary, determines the colour at that point in the randomly along the
line. Considering the example   printed image. Some of the dither will be
lost in trans- above, the line following colour C will be made up of,
ferring to print due to averaging but what remains re- say, 718 colour C
signals and 118 colour D signals with  duces substantially the risk of
steps or contours. The the pixels of colour D being interspersed or
distribut-  55  range of dot sizes however in printing is smaller than ed
randomly along the line. The line immediately be-  the range of colour
levels in video graphics and where fore level D will have the proportions
7/8 colour D and  two succeeding colour levels are used as in the first 118
colour C signals.                              embodiment they may in fact
approximate to the 6    



11                 EP027025981                     12 same dot size and the
desired mixing will be lost. A  the case of superimposing a figure on a
background further embodiment of the invention to overcome this  would be a
soft edged key signal. In such a case the problem is shown in Figure 8a.
value of K would vary linearly over several picture In this embodiment
instead of producing inter-  points in the area of the picture where soft
edging is mediate lines from a mixture of two adjacent colour   5
required. The picture pointsignal from the first source levels represented
by the video signals, alternate col-  is input to multiplier 51 where it is
multiplied by K. The our levels are used. For example as shown in Figure
corresponding picture point signal from the second 8a successive dot
signals are equated to even video  source is inputto multiplier 52 where it
is multiplied by colour levels and odd colour levels are produced as a
(1-K). The multipliers each produce a signal repre- 50/50 mixture of dots
representing the two even col-  10  senting the product for each picture
point truncated our levels i.e. level 3 will be a 50/50 mixture of level
to 12 bits. As the output signal is required to be an 8 4 and level 2. The
desired result can be achieved by  bit signal the 8 msb's of the two
products are taken adjusting the signals at 41, 42 and 44 in the Figure 7
to be summed in adder 53 to produce the outputsignal arrangement.
KS1 + (1-K)S2. There is obviously some loss of infor- This can however
produce an optical effect  15  mation in this process and to try and
overcome this whereby the even colour level lines having no dither,  to
some extent a second adder 54 is provided. The re- may look different from
the other lines and so as a re-  maining 4 bits of each product are summed
in this ad- finement even colour lines may also be produced as  der which
produces a 4 bit sum and may also produce a 50/50 mixture of the odd colour
level signals (fig 8b).  a carry bit. The carry bit of the output from 54
is ap- At some point between two colour levels the comput-  20  plied to
adder 53 and is added to the two products of er will cause the processing
to switch from using two  the multipliers. The information contained in the
4 odd colour levels to two even colour levels. This is  least significant
bits of the products will to some ex- achieved in exactly the same way as
shown in Figure  tent be taken into account. Unfortunately this does 7 but
now input 42 is two levels removed from input  not solve all the problems
associated with the digi- 41 and the number output by the computerat44 must
25  tised and thus quantised nature of the various sig- of course be
appropriate forthe desired colour mixing,  nals. i.e the reference colours
will at first be colours 1 and  However the problem is reduced by switching
the 3 and then 2 and 4 and so on.                      lowest order bit in
the output signal from the adder 53 The numbers used In the above
explanation are  to cause said output signal to assume a value either by
way of example only and would in fact depend on   30  above or below the
desired value represented by the many factors such as the size ofthe
colourwedge and  sum of the two outputs from the multipliers 51 and 52. the
beginning and end colours. The invention is not  The switching is carried
out without order by adding limited to the details above.
a bit at random to the signal output from 53, the prob- Figure 9 and 10
illustrate the application of the in-  ability that a bit is added at any
particular picture print vention to digital video processing systems where
sig-  35  being dependent upon the information contained in nals from more
that one source are combined.      the lowest order bits of each product.
Combination of video signals from different       In Fig 10 the components
51 to 54 are the same sources is a common occurrence in digital video proc-
as in the prior art system of Figure 9. The processing essing both in video
editing systems and in video  system according to this embodiment includes
addi- graphics systems. For example in video editing two   40  tional
components which add a bit value randomly pictures may be combined so that
a figure from one  with a probability dependent on the values of the four
picture may be superimposed on the background of  remainder bits from each
multiplier 51 and 52 as will another picture. Problems occur in this
combination  be explained later. The weighted random bit value Is due to
the digital nature of the signals processed par-  added to the sum of the
video signals and the carry ticularlyoverareas ofthe picture where the
luminanc-  45  bit, and it reduces the problems with the output signal es
of each source are ramped in opposite directions.  and produces a smoother
looking picture. In this case the resultant signal should be approxi-  As
in the Figure 10 arrangement the first video mately flat i.e. the 'average'
of the two, however the  signal S1 is multiplied in multiplier 51 by a
factor K nature of rounding errors means thatthere will be oc-  producing a
12 bit product KS1. Similarly the multipli- casional undesired sharp rises
and falls in the output  50  er 52 produces a 12 bit product (1-K)S2. The 4
least signal and these are visible in the picture.       significant bits
of each product are summed in adder Considering the prior art system shown
in Fig. 9  54 producing a 5 bit signal of which the highest order which
shows a circuit for combining two video signals  bit is the carry signal.
The carry signal is input to ad- S1 and S2. The video signals are provided
as 8 bit dig-  der 53 as before and the remaining 4 bits are input to ital
video signals and the processing is done picture  55   PROM 55. This PROM
is programmed so that it acts point by picture point. A factor K which is
an eight bit  as a series of 128 look up tables. The look up tables digital
video keying signal is also provided. The Kfac-  are programmed so that
when taken together all the tor provided depends on the type of processing
but In  look up tables contain a random but weighted bit pat- 7    



13                  EP 0 270 259 B1                 14 tern, 16 columns
wide (corresponding to the 4 bit re-  ular mode of operation. mainders) and
128 rows long. Each row constitutes      It is to be understood that the
invention is not lim- one LUT so that row in the bit pattern is selected by
ited to the embodiments described here to reducing the selection of the
LUT. The column is selected by  artefacts as it has general application in
any rounding the address within the LUT as will be explained.  5
operation on digital signals. For example it may be ap- A counter 56
operates so that each LUT in the   plied to rounding from 10 bit video,
provided by some PROM is addressed is sequence. When the 4 bit re-  systems
to 8 bit video signals according to the CCIR maindersignal relating to the
first picture point, for ex-  recommendation 601. It is possible, to
increase the ample, is received the counter is at 0 and the first LUT
number of LUT's used to select the carry signal and is addressed, The value
of the remainder selects the   10  also change the number at which the
counter clears. address within the LUT i.e. selects the column. As an  The
weighting of the bit pattern could also be example if the four bit
remainder signal relating to the  changed, relative to the remainder. As an
alternative fourth picture point has a value 9 the counter selects  to the
comparator/incrementor system for producing the fifth LUT i.e. row 5 and
the remainder signal ad-  dither, an adder alone may be used. For example,
re- dresses the ninth address in the LUT i.e. column 9.  15  ferring to
Fig.1, the dithered signals may be produced The bit pattern is weighted so
that when column 9 is  by adding the 8 LSB numberfrom the random number
addressed there is a 9/16 chance of there being a 1  generator 30 to the 16
bit video signal from the store in that position. Similarly for column 2
there is a 1/8  18 and truncated the result to eight MSB. In this case
chance of addressing a 1 with, however, the ones be-  the adder requires
protection from overflow. ing dipersed randomly between the rows. Thus,
col-  20 umn 9 contains 72 ones (9/16 x 128) distributed ran- domly in the
column; similarly column 8 contains 64  Claims ones distributed randomly,
and so on. The signal from the address in the PROM selected by the
remainder  1. An electronic processing apparatus for process- signal is
output to adder 57 where it is added to the   25  ing digital image data
defining pixels which to- sum from adder 53. In this way more information
from   gether represent at least one image, wherein out- the remainder
signals is used. For example if the five  put Image data representing each
pixel in terms bit sum of the two four bit remainder signals is 1 3/4  of
one of a multiplicity of available characteristic then the 1 will go as the
carry signal to adder 53 and  values is produced from input image data
repre- the 3/4 will select a random bit from the prom with,  30  senting
each pixel in terms of a desired charac- say, a 3/4 chance that it will be
1. The output signal  teristic value which is defined to an accuracy from
the PROM 55 therefore has a degree of random-    greater than that of the
output data such that the ness but this is weighted as required to take
account  desired characteristic value can be defined as a of the input
signals, so that when added to the output  value between available output
characteristic signal from the adder 53, the chance of undesired   35
values, the apparatus comprising: steps in the picture is reduced. Once the
LUT has           a source (18,20,40,51,52,53,54) of input been addressed
by the remainder for one picture       image data defining the desired
characteristic point, the counter 6 operates In known manner to in-  value
of each pixel in terms of a high order num- crease the count by 1 and
select the next LUT. If the  ber corresponding to one of said multiplicity
of counter were to continue cycling through the 128   40  available values
and a low order number repre LUT's (i.e. return at the first LUT after 128)
a repeated  senting the difference between the desired value pattern may be
detected in the picture because of the  and said corresponding available
value; high probability of 128 being a multiple or sub multiple
generating means (30,46,55,56) for gen- of the number of picture points in
the scan line length.  erating data representing a random number, A second
output of the PROM is provided to be input  45     comparing means
(31,45,55) for compar- to counter 56 in order to overcome this problem.
This  ing the random numberwith the low order number output from the PROM
serves to clear the counter      and for producing a binary output value
depend- when a count of 126 has occurred i.e. when LUT 127     ing on
whether the random number is greater has been reached. Since 127 is prime
this is much     than or less than the low order number, and less likely to
be a multiple or sub multiple of the scan   50  output means (32,43,57) for
outputting as line. Similar prime values can be selected for greater  the
output image data an available characteristic or smaller numbers of LUTs.
This breaks up any pat-   value determined by the high order number and
terns that mightoccur. The counter56 is also provided  the binary value.
with a load input which allows the operator to force the count to a
pre-selected "illegal" count (say 127) and  55  2. An apparatus as claimed
in claim 1, wherein said address a LUT containing say all Os in orderto
disable  input image data for each pixel comprises an m- the switching of
the lowest order bit from the circuit  bit binary number representing said
desired char- 53, when the invention is not required during a partic-
acteristic value, with the most significant n-bits of    13
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tern, 16 columns wide (corresponding to the 4 bit re-  ular mode of
operation. mainders) and 128 rows long. Each row constitutes     It is to
be understood that the invention is not lin- one LUT so that row in the bit
pattern is selected by  ited to the embodiments described here to reducing
the selection of the LUT. The column is selected by  artefacts as it has
general application in any rounding the address within the LUT as will be
explained.  5   operation on digital signals. Forexample itmay be ap- A
counter 56 operates so that each LUT in the  plied to rounding from 10 bit
video, provided by some PROM is addressed is sequence. When the 4 bit re-
systems to 8 bit video signals according to the CCIR maindersignal relating
to the first picture point, forex-  recommendation 601. It is possible, to
increase the ample, is received the counter is at 0 and the first LUT
number of LUT's used to select the carry signal and is addressed, The value
of the remainder selects the   10  also change the number at which the
counter clears. address within the LUT i.e. selects the column. As an  The
weighting of the bit pattern could also be example if the four bit
remainder signal relating to the  changed, relative to the remainder. As an
alternative fourth picture point has a value 9 the counter selects  to the
comparator/incrementor system for producing the fifth LUT i.e. row 5 and
the remainder signal ad-  dither, an adder alone may be used. For example,
re- dresses the ninth address in the LUT i.e. column 9.  15  ferring to
Fig. 1, the dithered signals may be produced The bit pattern is weighted so
that when column 9 is  by adding the 8 LSB numberfrom the random number
addressed there is a 9/16 chance of there being a 1  generator 30 to the 16
bit video signal from the store in that position. Similarly for column 2
there is a 118  18 and truncated the result to eight MSB. In this case
chance of addressing a 1 with, however, the ones be-  the adder requires
protection from overflow. ing dipersed randomly between the rows. Thus,
col-  20 umn 9 contains 72 ones (9/16 x 128) distributed ran- domly in the
column; similarly column 8 contains 64  Claims ones distributed randomly,
and soon. The signal from the address in the PROM selected by the remainder
1. An electronic processing apparatus for process- signal is output to
adder 57 where it is added to the   25  ing digital image data defining
pixels which to- sum from adder 53. In this way more information from
getherrepresentat least one image, wherein out- the remainder signals is
used. For example if the five  put image data representing each pixel in
terms bit sum of the two four bit remainder signals is 1 3/4  of one of a
multiplicity of available characteristic then the 1 will go as the carry
signal to adder 53 and  values is produced from input image data repre- the
3/4 will select a random bit from the prom with,  30  senting each pixel in
terms of a desired charac- say, a 3/4 chance that it will be 1. The output
signal  teristic value which is defined to an accuracy from the PROM 55
therefore has a degree of random-    greater than that of the output data
such that the ness but this is weighted as required to take account
desired characteristic value can be defined as a of the input signals, so
that when added to the output  value between available output
characteristic signal from the adder 53, the chance of undesired   35
values, the apparatus comprising: steps in the picture is reduced. Once the
LUT has          a source (18,20,40,51,52,53,54) of input been addressed by
the remainder for one picture      image data defining the desired
characteristic point, the counter 6 operates in known manner to in-  value
of each pixel in terms of a high order num- crease the count by 1 and
select the next LUT. If the  ber corresponding to one of said multiplicity
of counter were to continue cycling through the 128  40  available values
and a low order number repre- [err] (i.e. return at the first LUT after
128) a repeated  senting the difference between the desired value pattern
may be detected in the picture because of the  and said corresponding
available value; high probability of 128 being a multiple orsub multiple
generating means (30,46,55,56) for gen- of the number of picture points in
the scan line length.  erating data representing a random number, A second
output of the PROM is provided to be input  45    comparing means
(31,45,55) for compar- to counter 56 in order to overcome this problem.
This  ing the random numberwith the loworder number output from the PROM
serves to clear the counter      and for producing a binary output value
depend- when a count of 126 has occurred i.e. when LUT 127   ing on whether
the random number is greater has been reached. Since 127 is prime this is
much    than or less than the low order number, and less likely to be a
multiple or sub multiple of the scan   50  output means (32,43,57) for
outputting as line. Similar prime values can be selected for greater  the
output image data an available characteristic or smaller numbers of LUTs.
This breaks up any pat-   value determined by the high order number and
terns that mightoccur. The counter56 is also provided  the binary value.
with a load input which allows the operator to force the count to a
pre-selected "illegal" count (say 127) and  55   2. An apparatus as claimed
in claim 1, wherein said address a LUT containing say all Os in order to
disable  input image data for each pixel comprises an m- the switching of
the lowest order bit from the circuit  bit binary number representing said
desired char- 53, when the invention is not required during a partic-
acteristic value, with the most significant n-bits of 8    15
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said m-bit binary number corresponding to said     ber, a second adder (53)
for adding said first and high order number and the least significant m-n
second intermediate high order numbers and bits of said binary number
corresponding to said  said carry to produce a high order sum corre- low
order number, where m and n are integer       sponding to said high order
number; numbers and m-n is an integer number greater   5        said
generating means and comparing than one.
means comprise a look-up table (55) responsive to the low order sum from
the first adder (54) for 3. An apparatus as claimed In claim 1 or 2,
wherein   generating said binary value; and said source comprises a drawing
processor (20).         said output means comprises a third adder 10
(57) for incrementing the high order sum output 4. An apparatus as claimed
in any preceding claim,    from the second adder (53) depending on the bi-
wherein said source comprises a frame store        nary value to produce
the output image data. (18). 11. An apparatus as claimed in claim 10,
wherein 5. An apparatus as claimed in any preceding claim,  15  said
generating means and said comparing wherein said output means comprises an
adder      means together comprise an addressable mem- (32) for
incrementing the corresponding available  ory (55) containing data
representing multiple characteristic value depending on the binary val-
look-up tables stored at different respective ad- ue.
dresses in the memorywith each table containing 20      a set of binary
data distributed randomly in the ta- 6. An apparatus as claimed in claim 1,
wherein said   ble with a probability related to the address at image
comprises a plurality of image lines, said  which the table Is stored, and
a counter (56) for source comprises a computer (40) for providing
generating address data for selecting a look-up for each pixel a line count
number corresponding   table in the memory (55), and wherein said lowor- to
said low order number and indicating the line  25  der number is applied to
the memory so as to se- in which said pixel is positioned, and for
providing  lect a binary datum from an addressed look-up data corresponding
to said high order number      table as said binary output value.
representing a first available characteristic value and a second available
characteristic value adja-  12. An apparatus as claimed in any preceding
claim, cent said first available characteristic value.  30  wherein said
image characteristic comprises the colour of each pixel. 7. An apparatus as
claimed in claim 6, wherein said output means comprises a switch (43) for
switch-  13 A method of processing digital image data defin- ing between
said first available characteristic val-  ing pixels which together
represent at least one ue and said second available characteristic val-  35
image, wherein output image data representing ue.
each pixel in terms of one of a multiplicity of avail- able characteristic
values is produced from input 8. An apparatus as claimed in any preceding
claim,    image data representing each pixel in terms of a wherein said
generating means comprises a ran-    desired characteristic value which is
defined to dom number generator (30,46,55,56).       40      an accuracy
greater than that of the output data such that the desired characteristic
value can be 9. An apparatus as claimed in any preceding claim,    defined
as a value between available output wherein said comparing means comprises
a com-    characteristic values, the method comprising: parator (31,45,55).
obtaining input image data defining the 45      desired characteristic
value of each pixel in terms 10. An apparatus as claimed in claim 1,
wherein said  of a high order number corresponding to one of source
comprises a first multiplier (51) for multi-  said multiplicity of
available values and a low or- plying image data (S1) for a first Image by
a first  der number representing the difference between weighting factor
(K), a second multiplier (52) for  the desired value and said corresponding
avail- multiplying image data (S2) for a second image   50  able value; by
a second weighting factor (1-K), said first and      generating data
representing a random second multipliers respectively outputting first
number; and second intermediate data comprising an in-          comparing
the random number to the low termediate high order number and an intermedi-
order number and producing a binary output val- ate low order number, a
first adder (54) foradding  55  ue depending on whether the random number
is said firstand second intermediate loworder num-   greater than or less
than the low order number; bers to produce a low order sum and a carry
and which together correspond to said low order num-        outputting as
the output image data an 9    17                  EP 0 270 259 B1
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available characteristic value determined by the  Patentanspriiche high
order number and the binary value. 1. Elektronische Verarbeitungsanordnung
zur Ver- 14. A method as claimed in claim 13, wherein said in-  arbeitung
von digitalen Biddaten, welche zusam- put image data for each pixel
comprises an m-bit   5  men wenigstens eln Bild reprasentierende Bild-
binary number representing said desired charac-    punkte definieren, wobel
Ausgangsbilddaten, teristic value, with the most significant n-bits of
welche jeden Bildpunkt in Form eines Wertes ei- said m-bit binary number
corresponding to said     ner Vielzahl von verffgbaren charakteristischen
high order number and the least significant m-n    Werten reprisentieren,
aus Eingangsbilddaten bits of said binary number corresponding to said  10
erzeugt werden, die jeden Bildpunkt in Form ei- low order number, where m
and n are integer        nes gewunschten charakteri-stischen Wertes re-
numbers and m-n is an integer number greater       prasentieren, welcher
mit einer Genauigkeit defi- than one.
niert ist, die gr6gerals die derAusgangsdaten ist, so daB der gewfinschte
charakteristische Wert 15. An method as claimed in claim 13 or 14, wherein
1s  als ein Wert zwischen verfugbaren charakteristi- said outputting of
output image data comprises     schen Ausgangswerten definiert werden kann,
incrementing the corresponding available char-     umfassend acteristic
value depending on the binary value.    eine Quelle (18, 20, 40, 51, 52,
53, 54) fur  En- gangsbilddaten, welche den gewtinschten cha- 16.
Amethodasdaimedindaim13,whereinsaidim-  20        rakteristischen Wert
jedes Bildpunktes in Form age comprises a plurality of image lines, the
einer Zahl hoher Ordnung, die einem Wert der method comprising providing
for each pixel a line  Vielzahl von charakteristischen Werten ent- count
number indicating the line in which said pix-  spricht, sowie einer Zahl
geringer Ordnung, wel- el is positioned, which line countnumbercompris-
che die Differenz zwischen dem gew(Inschten es said low order number, and
25      Wert und dern entsprechendenverffigbaren Wert providing data
corresponding to said high    reprasentiert, definieren; order number
representing a first available char-  Generatormittel (30, 46, 55, 56) zur
Erzeugung acteristic value and a second available character-  von eine
wilikflrliche Zahl reprasentierenden Da- istic value.
ten; 30      Verglelchsmittel (31, 45, 55) zum Vergleich der 17. A method
as claimed in claim 16, wherein said     willkrirlichen Zahl mit der Zahl
geringer Ordnung outputting comprises switching between said        sowie
zur Erzeugung eines biniren Ausgangs- first available characteristic value
and said seo-  wertes, der davon abhangt, ob die wilikflrliche ond
available characteristic value.                Zahl graBer oder Wieiner als
die Zahl geringer 35      Ordnung ist; und 18. A method as claimed in claim
13, wherein said     Ausgangsmittel (32, 43, 57) zur Ausgabe eines
obtaining input image data comprises multiplying   verfugbaren
charakteristischen Wertes, der image data (SI) fora first image by a first
weight-  durch die Zahl hoher Ordnung und den Binirwert ing factor (K) to
obtain first intermediate data,  festgelegt bt, als Ausgangsbilddaten.
multiplying image data (S2) for a second image   40 by a second weighting
factor (1-K) to obtain sec-  2. Anordnung nach Anspruch 1, in derdie
Eingangs- ond intermediate data, said first and second inter-  bilddaten
ftrjeden Bildpunkt eine den gewunsch- mediate data comprising an
intermediate high or-   ten charakteristischen Wert reprasentierende Bi-
der number and an intermediate low order num-      narzahl mit m Bit
umfassen, wobei die n hochst- ber, adding said first and second
intermediate low   45  wertigen Bits der Binarzahl mit m Bits der Zahl
order numbers to produce a low order sum and a     hoher Ordnung und die
geringstwertigen m - n carry which togethercorrespond to said loworder
Bits derBinarzahl derZahl gerlngerOrdnung ent- number, and adding said
first and second inter-    sprechen und wobei m und n ganze Zahlen und
mediate high order numbers and said carry to       m - n eine ganze Zahl
groger Eins sind. produce a high order sum corresponding to said  5o high
order number;                              3. Anordnung nach Anspruch I
oder 2, in der die said generating and comparing comprise        Quelle
einen Zeichnungsprozessor (20) umfa~t. referencing a look-up table
depending on a gen- erated count and the low order sum from the first  4.
Anordnung nach den vorhergehenden AnsprGl- adder in order to generate said
binary value; and   5s  chen, in der die Quelle einen Bildspeicher (18)
said outputting comprises incrementing        umfafst. the high order sum
depending on the binary value to produce the output image data.
5. Anordnung nach den vorhergehenden Ansprti- 10    19                  EP
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chen, in der die Ausgangsmittel einen Addierer     Be hoher Ordnung vom
zwelten Addierer (53) in (32) zur Inkrementierung des entsprechenden
Abhangigkeit vom Binarwert zwecks Erzeugung vom Binarwert abhingigen
verfigbaren charak-       der Ausgangsbilddaten umfassen. teristischen
Wertes umfassen. 5   11. Anordnung nach Anspruch 10, in der die Genera- 6.
Anordnung nach Anspruch 1, in derdas Bild eine    tormittel und die
Vergleichsmittel zusammen el- Vielzahl von Bildzei Ion umfabt und die
Quells ei-  nen adressierbaren Speicher (55), der Daten ent- nen Rechner
(40) umfalt, derfurjeden Bildpunkt     hilt, welche mehrfache an
unterschiedlichen je- sine Zeilenzihlzahl liefert, die der Zahi geringer
weiligen Adressen im Speicher gespeicherte Ordnung entspricht und die Zeile
anzeigt, in wel-  10  Nachschlagetabellen reprasentieren, wobei jede cher
der Bildpunkt angeordnet ist, und Daten lie-  Tabeile oinen Satz von
Binirdaten enthilt, der fort, die derZahl hoherOrdnung entsprechen und
wilikurlich in der Tabelle mit einer Wahrschein- einen ersten verfugbaren
charakteristischen       lichkeit verteilt Ist, die auf die Adresse, an der
die Wert sowie einen zweiten verfrgbaren charakte-    Tabelle gespeichert
ist, bezogen ist, sowie einen ristischen Wert benachbartzum ersten
verfugba-  15  Zihler (56) zur Erzeugung von Adreadaten ren
charakteristischen Wert reprisentieren.       zwecks Auswahl einer
Nachschlagetabelle im Speicher (55) umfassen und in der die Zahl gerin- 7.
Anordnung nach Anspruch 6, in der die Aus-         ger Ordnung In den
Speicher eingegeben wird, gangsmittel einen Schalter(43)zurUmschaltung
um ein Binardatum aus einer adressierten Nach- zwischen dem ersten
verfugbaren charakteristi-  20  schlagetabelle als biniren Ausgangswert
auszu- schen Wert und dem zweiten verfObaren charak-     wahlen. J)
teristischen Wert umfassen. 12. Anordnung nach den vorhergehenden AnsprO-
8. Anordnung nach den vorhergehenden AnsprfG-         chen, in der das
Bildcharakteristikum die Farbe chen, in der die Generatormittel einen
Zufallsge-  25  jedes Bildpunktes umfallt. nerator (30 46, 55, 56)
umfassen. 13 Verfahren zur Verarbeitung von digitalen Bildda- 9. Anordnung
nach den vorhergehenden Anspru-         ton, welche zusammen wenigsetns ein
Bild re- chen, in der die Vergleichsmittel einen Kompara-   prasentierende
Bildpunkte definieren, bei dem tor (31, 45, 55) umfassen.                30
Ausgangsbilddaten, welche jeden Bildpunkt in Form sines Wertes einer
Vieizahl von verfflgba- 10. Anordnung nach Anspruch 1, in der die Quelle
ei-  ren charaktiestischen Werton reprasentieren, nen ersben Multiplizierer
(51) zur Multiplikation  aus Eingangsbilddaten orzeugt werden, die je- von
Bilddatbn (SI) fur ein erstes Bild mit einem  den Bildpunkt In Form sines
gewunschtbn cha- ersten Wichtungsfaktor (K), einen zwelton Multi-  35
raktbristischen Wertes reprasentieren, der mit ei- plizierer (52) zur
Multiplikation von Bilddatbn (S2)  ner Genauigkeit definiert ist, welche
gra~er als ffroelnzweites Bild miteinemzweitenWichtungs-     diejenige der
Ausgangsdatbn ist, so daB der ge- faktor (1-K), wobei der erste und zweibt
Multipli-  winschte charakteristische Wert als emn Wert zierer ersto bzw.
zweite Zwischendaten ausge-     zwischen verfrlgbaren charakteristischen
Aus- ben, welche eine Zwischenzahl hoher Ordnung   4o  gangswerton
definiert werden kann, bei dem und sine Zwischenzahl geringer Ordnung
umfas-      Eingangsbilddaten erhalten werden, welche den sen, eonen ersten
Addierer(54) zum Addieren der   gewunschtbn charakteristischen Wertjedes
Bild- erston und zweiten Zwischenzahl geringer Ord-     punktes in Form
einer Zahl hoher Ordnung ent- nung zwecks Erzeugung elner Summe geringer
sprechend einem Wert der Vielzahl von verfug- Ordnung und eines Obertrags,
welche zusam-  45    baron Werten und einer Zahl geringer Ordnung, men
derZahl geringer Ordnung entsprechen, so-     welche die Differenz zwischen
dem gewunsch- wie einen zweitn Addierer (53) zur Addition der   ten Wert
und dem entsprechenden verfflgbaren ersten und zweiten Zwischenzahl hoher
Ordnung     Wert reprasentlert, definieren; und des Obertrags zwecks
Erzeugung einer          eine wilikirliche Zahl reprasentierende Daten or-
Summe hoher Ordnung entsprechend der Zahl  so     zeugt werden; hoher
Ordnung umfa~t;                             die wilikOrliche Zahl mit der
Zahl geringer Ord- die Generatormittel und die Verglelchsmittel sine  nung
verglichen und ein binarerAusgangswert in auf die Summe geringer Ordnung
vom ersten Ad-     Abhangigkeit davon erzeugt wird, ob die wilikrlr- dierer
(54) ansprechende Nachschlagetabelle       liche Zahi gr6Boer oder Ideiner
als die Zahi gerin- (55) zur Erzeugung des Binarwertes umfassen;  55  ger
Ordnung ist; und und                                               als
Ausgangsbilddaton ein verfugbarer charakte- die Ausgangsmittel eonen
dritten Addierer (57)    ristischer Wert ausgegeben wird, der durch die zur
Inkrementierung der Summenausgangsgro-        Zahl hoher Ordnung und den
Binarwert festge- 11    21                 EP 0 270 259 B1
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legt ist.                                         gung des BinArwertes
umfassen; und die Ausgabe die Inkrementierung derSumme ho- 14. Verfahren
nach Anspruch 13, bei dem die Ein-     her Ordnung In Abhangigkeit vom
Binirwert zur gangsbilddaten fir jeden Bildpunkt eine den ge-   Erzeugung
der Ausgangsbilddaten umfakt. wunschten charakteristischen Wert
reprssentie-   5 rende Binarzahl mit m Bit umfassen, wobei die
h6chstwertigen n Bit der BinArzahl mit m Bit der  Revendications Zahl hoher
Ordnung und die geringstwertigen m- n Bit der Binarzahl der Zahl geringer
Ordnung  1. Un appareil 6lectronique de traitement destine a entsprechen
und wobei m und n ganze Zahlen   10  traiter une donnee numerique d'image
dMfinis- und m-n eine ganze Zahl groger Eins sind.         sent des pixels
qui representent ensemble au moins une image, dons lequel une donn6e d'ims-
15. Verfahren nach Anspruch 13 oder 14, bei dem die  ge de sortie
representant chaque pixel en termes Ausgabe der Ausgangsbilddaten die
Inkremen-       d'une valeur dans une multiplicite de valeurs ca- tierung
des entsprechenden verftigbaren cha-  15  racteristiques disponibles est
produite A partir rakteristischen Wertes in AbhAngigkeit von dem    d'une
donnee d'image d'entr6e qui represente Binarwert umfait.
chaque pixel en termes d'une valeur caracteristi- que souhaitee qui est
definie avec une precision 16. Verfahren nach Anspruch 13, bei dem des Bild
ei-  sup6rieure a celle de la donn6e de sortie d'une ne Vielzahl von
Bildzeilen umfaat und fur jeden   20  maniere telle que la veleur
carecthristique sou- Bildpunkt eine ZeilenzlhIzahl erzeugt wird, wel-
haitee peut Atre definie en tant que valeur parmi che die Zeile, in welcher
der Bildpunkt angeord-  des veleurs caracteristiques disponibles de sor-
net ist, anzeigt und die Zahl geringer Ordnung   tie, l'appareil comprenant
umfaSt; und                                            une source (18, 20,
40, 51, 52, 53, 54) de der Zahl hoher Ordnung entsprechende Daten   25
donnee d'image d'entr6e, dbfinissant la valeur erzeugt werden, welche einen
ersten verfigba-     caractbristique souhaitbe de chaque pixel en ter- ren
charakteristischen Wert und einen zweiten     mes d'un nombre d'ordre blev6
correspondent A verfugbaren charakteristischen Wert reprasen-     I'une des
valeurs de ladite multiplicite des veleurs tieren.
disponibles et d'un nombre d'ordre inf6rieur re- 30      presentant la
difference entre la valeur souhaitbe 17. Verfahren nach Anspruch 16, bei
dem die Ausga-   et ladite valeur disponible correspondante; be die
Umschaltung zwischen dem ersten ver-            un moyen genbrateur (30,46,
55,56) pour fOgbaren charakteristischen Wert und dem zwei-    engendrer une
donn6e representant un nombre ten verfugbaren charakteristischen Wert
umfal~t.  al6eatoire; 35           un moyen comparateur (31, 45, 55) pour
18. Verfahren nach Anspruch 13, bel dem die Bereit-  comparer le nombre
al6atoire d'ordre inf6rieur et stellung von Eingangsbilddaten die
Multiplikation  pour produire une valeur binaire de sortie qui va- von
Bilddaten (SI) fOr eln erstes Bild mit einem  rie selon que le nombre
al6atoire est sup6rieurou ersten Wichtungsfaktor (K) zur Gewinnung von
inferleur au nombre d'ordre inferieur; ersten Zwischendaten, die
Multiplikatlon von   40      un moyen de sortie (32,43,57) pour sortir J)
Bilddaten (S2) fOr ein zweltes Bild mit einem      en tant que donnee
d'lmage de sortie une valeur zweiten Wichtungsfaktor (1-K) zur Gewinnung
caractbristique disponible dbterminbe par le zweiter Zwischendaten, wobei
die ersten und       nombre d'ordre eleve et la valeur binaire. zweiten
Zwischendaten eine Zwischenzahl hoher Ordnung und eine Zwischenzahl
geringer Ord-  45  2. Un appareil selon la revendication 1, dans lequel
nung umfassen, die Addition der ersten und zwei-  ladite image d'entr6e de
chaque pixel comprend ten Zwischenzahl geringer Ordnung zwecks Er-      un
nombre binaire A n bits qui represente ladite zeugung einer Summe geringer
Ordnung und ei-      valeur caractbristique souhaitbe, les m bits de nes
Obertrags, welche zusammen derZahl gerin-     poids fort dudit nombre
binaire A m bits corres- ger Ordnung entsprechen, sowle die Additon der  50
pondant audit nombre d'ordre elevb et les m-n ersten und zweiten
Zwischenzahl hoherOrdnung      bits de poids falble dudit nombre binaire
corres- und des Obertrags zur Erzeugung einer Summe       pondant audit
nombre d'ordre Inf~rieur, ob n et m hoher Ordnung entsprechend der Zahl
hoher         sont des nombres entiers et m-n est un nombre Ordnung umfa~t;
entier supbfieur A un. die Erzeugung und der Vergleich die Bezugnah-  s5 me
auf eine Nachschlagetabelle in AbhAngIgkeit  3. Un appareil selon la
revendication I ou 2 dans le- von einer erzeugten Zahlung und der Summe ge-
quel ladite source comprend un processeur de ringer Ordnung vom ersten
Addierer zur Erzeu-     tracage (20). 12    23                 EP 0 270 259
B1                 24     I    C!1    I1tII111111 HII I II !I 



4. Un appareil selon une revendication precedente    produire une somme
d'ordre elev6 correspondant quelconque dans lequel ladite source comprend
audit nombre d'ordre 6leve; une m6moire principale 18.
ledit moyen generateur et ledit moyen comparateur comprennent une table
(55) qui re- 5. Un apparell selon une revendication precedente   8  pond A
la somme d'ordre inferieur venant du pre- quelconque, dans lequel ledit
moyen de sortie     mier additionneur (54) pour engendrer ladite va-
comprend un additionneur (32) pour incr6menter    laur binaire; et la
valaur caract6ristique disponible correspon-        led it moyen de sortie
comprend un troisie- dante en fonction de la valour binaire.           me
additionneur (57) pour incr6menter en fonc- 10     tion de la valeur
binaire la sortie de somme d'or- 6. Un appareil selon la revendication I
dans lequel  dre sup6rieur venant du deuxieme additionneur ladite image
comprend une serie de lignes d'ima-  (53) de fagon A produire la donn6e
d'image de ge, ladite source comprenant un ordinateur (40)   sortie. pour
faurnir pour chaque pixel un numero de compte de ligne correspondant audit
nombre  15  11. Un appareil selon la revendication 10, dans le- d'ordre
inferieuret indiquantla ligne dans laquelle  quel ledit moyen generateur et
ledit moyen ledit pixel est additionn6, et pourfournir une don-
comparataur comprennent ensemble une m6- n6e correspondantaudit nombre
d'ordre elev6 re-   moire adressable (55) contenant une donn6e re-
pr6sentant une premiere valeur caracteristique et  pr6sentant de multiples
tables m6moris6es dans une deuxieme valeur caracteristique disponible  20
la m6moire A des adresses diff6rentes respecti- adjacente A ladite premiere
valeurcaract6ristique  ves, chaque table contonant un ensemble de K.>
disponible.                                       donn6es binaires
reparties de facon al6atoire dans la table selon une probabilite liee A
l'adresse 7. Un appareil selon la revendication 6, dans lequel  A laquelle
la table est m6moris~e, et un comptour ledit moyen de sortie comprend un
commutateur  25  (56) pour engendrer une donn6e d'adresse de (43) pour
commuter entre ladite premibre valeur   manibre A choisir une table de la
memoire (55), caracteristique disponible et ladite deuxibme va-  et dans
lequel ledit nombre d'ordre inferieur est leur caracteristique disponible.
appliqu6 A la memoire de facon A choisir en tant qua valeur binaire de
sortie une donn6e binaire 8. Un appareil selon une revendication precedente
30  dans une table adress6e. quelconque dane lequel ledit moyen generateur
comprend un g6nerateur (30,46,55,56) de nom-   12. Un appareil selon une
revendication precedente bras aleatoires.
quelconque, dans lequel ladita caracteristique d'image comprend la coulaur
de chaque pixel. 9. Un appareil selon une revendication precedente  35
quelconque, dans laquel ledit moyen compara-   13. Un procede de traitement
d'une donnee numeri- teur comprend un comparateur (31, 45, 55).        quo
d'image definissant des pixels qui represen- tent ensemble au moins une
image, dans lequel 10. Un appareil selon la revendication 1, dans lequel
une donnee d'image de sortie representant cha- ladite source comprend un
premier multiplicateur  4o  qua pixel en tarmes d'une valeur dans une
multi- (51) pour multiplier une donn6e d'lmage (SI)      plicite de valeurs
caracteristiques disponibles est pour une premiere image par un premier
facteur    produite A partir d'une donn6e d'image d'entr~e de pond6ration
(K), un deuxieme multiplicatbur    qui represente chaque pixel en tarmes
d'une va- (52) pour multiplier une donn6e d'image (S2)     leur
caracteristique souhaitee qui est definie d'une deuxieme image par un
deuxibme facteur  45  avec une precision superieure A celle de la don- de
ponderation (1 -K), lesdits premier et deuxie-  n6e de sortie d'une manibre
taile quo lvaleur ca- me multiplicateurs produisant respectivement
racteristique souhait6e peut etre definie en tant une premibre et une
deuxibme donn6es interm6-     quo valeur parmi des valours caracteristiques
diaires comprenantun nombre intbrmediaire d'or-   disponibles de sortie, le
procede comprenant les dre eleve et un nombre intermediaire d'ordre in-  50
etapes consistant a: ferieur, un premier additionneur (54) pour addi-
obtenir une donnee d'image d'entree, de- tionner lesdits premier et
deuxibme nombres in-   finissant la valour caracteristique souhaitee de
tbrm6diaires d'ordre inf6rieur afin de produire   chaque pixel en termes
d'un nombre d'ordre ele- une somme d'ordre inferbeur et un report qui
ve correspondant A l'une des valeurs de ladite correspondent ensemble audit
nombre d'ordre in-  55  multiplicite des valours disponibles et d'un nom-
ferieur, un deuxieme additionneur (53) pour addi-  bre d'ordre inferibur
representant la difference tionner lesdits premier et deuxieme nombres In-
entre la valour souhaitee et ladite valeur disponi- termediaires d'ordre
eleve et ledit report afin de  ble correspondantb; 13    25
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C   L   M   S * ongendrer une donnee representant un          dre
inferieur, additionner lesdits premier et nombre aleatoire;
deuxieme nombres intermediaires d'ordre infe- comparer le nombre aleatoire
d'ordre infe-   rieur afin de produire une somme d'ordre inferieur rieur et
pour produire une valeur binaire de sortie  et un report qui correspondent
ensemble audit qui varue selon que Is nombre aleatoire est supe-   5
nombre d'ordre inferieur, et additionner lesdits rieur ou inferieur au
nombre d'ordre inf6eieur;    premier et deuxieme nombres intbrmediaires
sortir en tant que donnee d'image de sor-    dordre eleve et ledit report
af in de produire une tie une valeur caracteristique disponible determi-
somme d'ordre 6leve correspondant audit nom- n6e par le nombre d'ordre
eleve et la valeur binai-  bre d'ordre eleve; re.
10            lesdites etapes de generation et de comparaison comprennent
l'tMape consistant A 14. Un procede selon la revendication 13, dans le-
se referencer A une table en fonction d'un compte quel ladite image
d'entr6e de chaque pixel         engendre et de la somme d'ordre
inferieurvenant comprend un nombre binaire A n bits qui repre-     du
premier additionneur de maniere a engendrer sente ladite valeur
caracteristique souhaitee, les  15  ladite valeur binaire; et m bits de
poids fort dud it nombre binaire A m bits     ladite etape de sortie
comprend une incre- correspondant audit nombre d'ordre eleve et les
mentation de la somme d'ordre superieuren fonc- m-n bits de poids faible
dudit nombre binaire      tion de la valeur binaire de facon A produire la
FO- correspondant audit nombre d'ordre inferieur, ob   donnee d'image de
sortie. n et m sont des nombres entiers et m-n est un   20 nombre entier
sup~rieur a un. 15. Un procede selon la revendication 13 ou 14, dans lequel
ladite etape de sortie de la donnee d'image de sortie comprend une
incrbmentation de la va-  25 lour caracteristique disponible correspondante
en fonction de la valeur binaire. 16. Un procede selon la revendication 13,
dans le- quel ladite image comprend une sene de lignes  30 d'image, le
procede comprend la fourniture, pour chaque pixel, d'un numero de compte de
ligne in- diquant la ligne dans laquelle ledit pixel est addi- tionne, ce
compte de ligne comprenant ledit nom- bre d'ordre inferiour; et
35 et la fourniture d'une donnee correspon- dantaudit nombre d'ordre eleve
representant une premiere valeur caracteristique et une deuxieme valeur
caracteristique disponible. 40 K)    17. Un procede selon la revendication
16, dans le- quel laditb tape de sortie comprend une commu- tation entre
ladite premiere valeur caractristique disponible et ladite deuxilme valeur
caracteristi- quo disponible.                            45 18. Un procede
selon la revendication 13, dans le- quol ladite etape d'obtention d'une
image d'en- tree comprend les etapes consistant a: multiplier une donneo
d'image (SI) pour une premibre ima-  50 ge parun premierfacteur de
ponderation (K) pour obtenir une premiere donn6e intermmdiaire, mul-
tiplier une donnee d'image (S2) d'une deuxieme image par un deuxieme
facteur de ponderation (1-K) pourobtenirunedeuxieme donnee intbrme-  55
diaire, lesdites premiere et deuxieme donnees in- termediaires comprenant
un nombre intermedial- re d'ordre eleve et un nombre intermediaire d'or- 14


