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sity of a picture element of the display will in general be in error with
relation to the desired A requirement has arisen in recent years for
density of that element, i.e. the density of the high-quality reproduction
of both printed images    corresponding picture element in the original
con- and continuous tone images by utilizing certain    5   tinuous tone
image. This error is referred to in the types of display device, such as a
gas plasma       following as the bi-level conversion error. However
display, which are inherently capable of generating  the effects of this
error are substantially reduced only two levels of display density. This is
achieved  by subsequently modifying the respective values of by generating
a spatial gray scale display image.   desired density of a set of picture
elements which However problems are presented by the prior art  10  are
positioned peripherally adjacent to the object methods proposed for
implementing such repro-       picture element. duction.
With the method proposed by Floyd and Stein- With such a bi-level display
device, each pic-   berg, the effects of the bi-level conversion error of
ture element generated by the display can be set    each picture element
are substantially reduced by (e.g. as an element of a dot matrix) in either
a   15   modifying the respective desired densities of a set bright or a
dark state. There have been various     of picture elements which are
positioned peripher- proposals for implementing  pseudo-continuous
ally adjacent to that picture element, the modifica- tone reproduction by
such display devices by em-    tion being performed by apportioning the the
value ploying a spatial gray scale. These methods are     of error obtained
for that object picture element based on setting a relatively high
proportion of  20  among these peripheral picture elements, with the
picture elements of the display in the light state to  error being
apportioned in accordance with pre- represent a light-density region of the
original im-  determined fixed factors. Such factors are referred age, and
a high proportion in the dark state in the  to in the following as
apportionment factors. case of a region of the image which should appear
The error diffusion methd is superior to the dark.
25  dither method, with regard to image resolution and The most well-known
method of providing such     continuous tone characteristic, and enables
the de- pseudo-continuous tone reproduction is the dither   gree of
generation of moire patterns to be made technique. With this method, a
continuous tone      very small, even when a printed image is being image
is reproduced on the basis of numbers of      reproduced. However in the
case of reproduction of dots within each of predetermined areas of the   30
an image which has only small amounts of continuous tone image, and
utilizes a dither matrix.  changes in density, and computer-generated im-
Threshold values of the dither matrix are compared  ages which have areas
of extremely uniform den- with the level of an input signal, one picture
ele-  sity, the error diffusion method produces regions of ment at a time,
to thereby execute bi-level image   texture in the reproduced image, with
this texture conversion processing. However this method has   35   being
specific to the error diffusion method. For the disadvantage that the
continuous tone char-     this reason, the error diffusion method has not
acteristic and the resolution of the image that is  been widely adopted.
The reason for generation of obtained will depend directly upon the size of
the  this texture is that a fixed relationship is continu- dither matrix,
and have a mutually incompatible     ously maintained between an object
picture ele- relationship. Moreover with the dither technique, it  40
ment and the aforementioned set of picture ele- is difficult to avoid the
generation of moire patterns,  ments which are disposed peripherally
adjacent to particularly when printed images are reproduced.    the object
picture element, and fixed values are A method has been proposed in the
prior art      also maintained for the respective proportions by which is
highly effective in overcoming the prob-   which the bi-level conversion
error of the object lems of the dither method, i.e. reducing the in-  45
picture element is apportioned among these pe- compatibility between a good
continuous tone char-  ripheral picture elements. acteristic and high
resolution, and suppressing the     The term  "object picture element" as
used generation of moire patterns. The method is called  herein has the
significance of a picture element the error diffusion method, which has
been pro-     which is currently being processed, to determine a posed by
R. Floyd and L. Steinberg under the title  so  corresponding bi-level
display image value, with "An Adaptive Algorithm for Spatial Gray Scale",
data being utilized in that processing which have published in the SID 75
Digest, pp 36-37. The       been obtained beforehand during processing of
basic principles of the proposed method are as      preceding picture
elements. follows. To determine whether a picture element of
US-A-4,449,150 (Kato) discloses an image sig- the input signal is to be
displayed at the dark or at  55  nal processing apparatus in accordance
with the the light level, the corresponding level of the input
precharacterising portion of claim 1 but in which image signal is compared
with a threshold value,    the apportionment factor values are fixed. and a
light/dark decision thereby made. The den- 2    
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invention can provide an image         the apparatus being characterised in
that said signal processing apparatus which prevents gen-    apportionment
factor generating means is adapted eration of a texture such as that
produced by the  to periodically alter said apportionment factors. error
diffusion method described above, and which     The following five
configurations can be utilized also provides an excellent continuous tone
char-   5   to implement the aforementioned apportionment acteristic and
high resolution, with only a very   factor generating means. small degree
of moire pattern being produced even      Firstly, the apportionment factor
generating when a printed image or an image containing re-    means can
comprise means which function to alter gions of highly uniform density is
being repro-    a correspondence between respective picture ele- duced.
10   ment positions and a set of apportionment factors According to the
present invention, there is    for the plurality of picture elements which
have not provided an image signal processing apparatus for  yet been
processed and are positioned at the pe- sampling an input signal
representing a continuous  riphery of the object picture element, with the
alter- tone image, in units of picture elements contained  ation being
executed periodically with a predeter- in successive scanning lines of said
input signal, to  15   mined alteration period. produce a bi-level image
signal; the apparatus        Secondly, the apportionment factor generating
comprising:                                        means can comprise means
which function to gen- error memory means for storing accumulated
erate apportionment factors for the plurality of pic- errors at positions
respectively corresponding to an  ture elements which have not yet been
processed object picture element and a plurality of picture  20  and are
positioned at the periphery of the object elements which are positioned
peripherally adja-   picture element, by executing selection of appor- cent
to said object picture element;               tionment factors from a
plurality of sets of appor- input correction means for adding a level of
tionment factors, said selection being executed at said input signal,
representing the density of said  intervals having a predetermined
alteration period. object picture element in said image, to an accu-  25
Thirdly, the apportionment factor generating mulated error which has been
stored during a       means can comprise means which function to gen-
preceding processing step at said position within  erate apportionment
factors for the plurality of pic- said error memory means corresponding to
said      ture elements which have not yet been processed object picture
element, to derive a corrected level  and are positioned at the periphery
of the object as a result of said addition;                 30  picture
element, by randomly selecting the appor- bi-level conversion means for
comparing said   tionment factors from a plurality of sets of appor-
corrected level with a predetermined threshold val-  tionment factors, the
selection being performed pe- ue to thereby determine a bi-level value for
said  riodically with a predetermined alteration period. object picture
element, and for producing said bi-     Fourthly, the apportionment factor
generating level value as said bi-level image signal;    35   means can
comprise means which function to gen- difference computation means for
deriving a bi-  erate apportionment factors for the plurality of pic- level
conversion error which is the difference be-  ture elements which have not
yet been processed tween said corrected level and said bi-level value  and
are positioned at the periphery of the object determined for said object
picture element;         picture element, by randomly establishing corre-
apportionment factor generating means for  40  spondences between these
peripheral picture ele- generating a plurality of apportionment factors for
ments and apportionment factors of a single set of apportioning said
bi-level conversion error among a  apportionment factors. plurality of
picture elements which have not yet      Fifthly, the apportionment factor
generating been processed and are positioned at the periph-   means can
comprise means which function to gen- ery of said object picture element;
and       45  erate apportionment factors for the plurality of pic- error
apportionment and updating means for      ture elements which have not yet
been processed computing respective error apportionment values    and are
positioned at the periphery of the object corresponding to said
peripherally adjacent picture  picture element, by randomly selecting these
ap- elements, based on said bi-level conversion error  portionment factors
from among a plurality of sets for said object picture element and said
plurality of  50  of apportionment factors, with the random selecting
apportionment factors, for adding said error appor-  being executed in
accordance with random number tionment values to corresponding accumulated
er-   generation which is initialized once in each occur- rors which have
been previously stored in said     rence of an arbitrary number of
successive scan- error memory means at predetermined storage po-    ning
lines. sitions corresponding to said peripherally adjacent  55  In the
accompanying exemplary drawings: picture elements, to obtain updated
accumulated      Fig. 1 is a conceptual block diagram  of an errors, and
for storing the updated accumulated      embodiment of an image signal
processing ap- errors in said error memory means;
paratus according to the present invention and; 3    



5                 EP 0 264 302 B1                          6 Figs. 2
through 5 are general circuit diagrams    computing error apportionment
values correspond- showing  essential components  of second          ing to
the picture elements which have not yet through fifth embodiments of the
invention re-    been processed and are positioned at the periph-
spectively, illustrating specific configurations for  ery of the object
picture element, (these error ap- an apportionment factor generating
updating    5   portionment values being computed based on a section and an
error apportioning and updating    plurality of apportionment factors
produced from section.                                          the
apportionment factor generating section 10 and Fig. 1 is a conceptual block
diagram showing     the bi-level error [err] for the object picture
element) the essential components of a first embodiment of   and for adding
these error apportionment values to an image signal processing apparatus
according to  10  respective values of accumulated error for the set the
present invention. In Fig. 1, the display coordi-  of peripheral picture
elements A to D of the region nates of an object picture element (i.e. a
picture  2, these accumulated error values having been element for which
image processing is currently     derived during preceding similarly
executed pro- being executed, as defined hereinabove) are des-    cessing
steps for other picture elements and stored ignated as (x,y). Reference
numeral 1 denotes an   is  at corresponding positions within the error
memory error memory, and numeral 2 denotes a storage        1. The results
of these additions, which constitute a region of error memory 1 which
corresponds to a     set of updated accumulated errors, are then stored
region of the image to be processed containing a    by the error
apportioning and updating section 11 plurality of picture elements that
have not yet been  in the error memory 1, to be utilized in succeeding
processed and are positioned adjacent to the pe-  20   picture element
processing steps. Numeral 12 de- riphery of the object picture element.
Positions    notes a sync signal input terminal from which a within this
region 2 can be expressed in terms of   sync signal 13 is applied to
control the timing of an error apportionment factor matrix. Numeral 3
operations by the apportioning factor generating denotes a position within
the error memory 1 in     section 10 and the error apportioning and
updating which has been stored an accumulated error [err]  25  section 11,
e.g. to determine the period between for the object picture element having
coordinates   successive picture element processing steps. (x,y), as
indicated by the [err] symbol. Numeral 4        The apparatus of Fig. 1, in
effect, functions to denotes an input terminal coupled to receive an
periodically sample the input image signal applied input image signal. A
level [err] of this input signal  to terminal 4, to obtain a level value
[err] of that represents a desired value of display density for  30  signal
which represents the density of a picture the object picture element having
coordinates (x,y).  element of the original image, and to convert that
Numeral 5 denotes an adder which amends the         level [err] to a
corresponding bi-level output value input signal level [err] by adding
thereto the accu-  [err]. The picture elements which are sampled in mulated
error [err] (previously derived and stored as  this way extend along
successive (horizontal) lines described hereinafter) to produce a corrected
input  35  of the display image, i.e. the x-direction, and a level [err].
Numeral 6 denotes an  sync signal whose period determines the period of
output terminal from which a bi-level output value  these conversions along
the x-direction will be re- [err] corresponding to the input level [err]is
produced  ferred to in the following as the x-sync signal. The as an output
signal, i.e. a bi-level image signal,  successive lines of picture elements
which are either at a level designated as the R level or at 0   40
displayed will be referred to as scanning lines. level. Numeral 7 denotes a
terminal to which is     These are periodically selected along the y-direc-
applied a threshold level, for example a fixed      tion (i.e. vertical
direction) of the display, for pro- threshold value of R/2, and 8 denotes a
device      cessing, and a sync signal whose period corre- such as a
comparator, for executing bi-level con-   sponds to the period between
successive scanning version of the input level [err]by comparing the level
45  lines will be referred to in the following as the y- [err] with the
fixed threshold value R/2, to produce  sync signal. as output a bi-level
value [err] at the R level if [err]   With the embodiment of Fig. 1, the
x-sync R/2, and otherwise producing [err] at the 0 level.    signal is
applied as sync signal 13 to control the Numeral 9 denotes a subtractor,
for computing a     operation of both the apportionment factor generat-
difference between the input level [err] and the out-  50  ing section 10
and the error apportionment and put bi-level value [err] to thereby derive
a bi-level  updating section 11. However it would be equally conversion
error [err] (i.e. [err]for the  possible to operate the apportionment
factor gen- object picture element Numeral 10 denotes an       erating
section 10 based on the y-sync signal rath- apportionment factor generating
section for gen-    er than the x-sync signal. erating apportionment
factors for apportioning the   55  It should be noted that the present
invention is bi-level error [err] among the peripherally adjacent   not
limited to the application of a fixed threshold picture elements in region
2. Numeral 11 denotes    value to the signal terminal 7, and that it would
be an error apportionment and updating section for     equally possible to
apply to that terminal an ar- 4    
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as a signal representing a dif-  sitions A, C and D of the peripheral
region 2. The ferent image from that being processed, and to
computation processing executed for this purpose thereby execute control of
the output image signal  is in accordance with the following equations:
produced by the apparatus, on the basis of the signal thus applied to
terminal 7.             5   [err] With the apparatus having the
configuration set  [err] out above, the accumulated error [err] for the
object  [err] picture element is obtained on the basis of the    [err] (3)
following equation: 10      Updating processing is then executed by the
[err]   (1)                    error apportioning and updating section 11,
by stor- ing the new values of the accumulated errors [err] to In the
above, i and j are coordinates expressed  SD at locations in the error
memory 1 which re- within the error apportionment factor matrix, while
spectively correspond to the picture element posi- the error apportionment
factor [err] expresses weigh-  15  tions A to D. These updated values of
accumulated ting values for apportionment of the error [err]      errors
are subsequently utilized in processing suc- among a predetermined
plurality of peripheral pic-  ceeding picture elements, in the same way as
ture elements positioned adjacent to the object    described above. picture
element, as described hereinabove.            This completes a step of
image processing The above computation is executed by the   20  whereby the
bi-level value [err] for the picture ele- error apportioning and updating
section 11, which  ment 3 shown in Fig. 1 is generated and accu- then
apportions the bi-level conversion error [err]  mulated error updating
performed for peripherally among the respective unprocessed picture ele-
adjacent picture elements A, B, C and D of picture ments A to D of the
region 2 in accordance with    element 3. In the succeeding stage of image
pro- the respective apportionment factors for these pic-  25  cessing, the
processing described above is again ture elements which are produced by the
appor-     executed, to obtain a bi-level output value P[err] for tionment
factor generating section 10, and per-    the next picture element (i.e.
that indicated as A, in forms updating, by addition processing, of respec-
Fig. 1), utilizing the accumulated error SA which tive amounts of
accumulated error for each of      was derived and stored as described
above, as the these picture elements.                       30  new value
of accumulated error [err] and with new The apportionment factor generating
section 10  values of accumulated error being derived and functions on the
basis of one or more predeter-    stored for a set of picture elements in a
new region mined sets of apportionment factors, and operates  2 disposed
peripherally adjacent to that picture in synchronism with the x-sync signal
13 applied   element A (i.e. including picture elements C and from input
terminal 12. The apportionment factor  35   B). generating section 10
functions to generate a set of  In the following, descriptions will be
given of apportionment factors KA to KD for apportioning    four other
embodiments of the present invention. the bi-level conversion error E[err]
among the plurality  The principles of operation of each of these other of
picture element positions A to D within the     embodiments are basically
similar to those of the peripheral picture element region 2, and supplies
40  embodiment of Fig. 1, and the operation and com- these apportionment
factors to the error apportion-  ponents relating to application of the
accumulated ing and updating section 11. The error apportioning  error
[err] and the bi-level conversion error [err] are and updating section 11
operates in synchronism    identical to those of the embodiment of Fig. 1.
For with the sync signal 13 to execute processing      that reason, only
the operation of the apportion- utilizing these apportionment factors KA to
KD, the   45   ment factor generating section 10 and the error bi-level
conversion error [err] of the object picture  apportioning and updating
section 11, in conjunc- element (produced from the subtractor 9), and a
tion with the error memory 1, will be described in set of accumulated
errors [err] (which   detail for each of these embodiments. have been
generated and stored in previously ex-      It should be noted that each of
the configura- ecuted image processing operations), by reading   so  tions
for the apportionment factor generating sec- out these accumulated errors
from respective pre-  tion 10 respectively described for the following
determined storage locations within the error mem-  embodiments is equally
applicable to the first em- ory 1 which respectively correspond to the
picture  bodiment of Fig. 1 described above. element positions A, C and D
of the peripheral         Fig. 2 shows the configuration of the apportion-
region 2. This processing includes multiplication   55   ment factor
generating section 10 and the error and addition processing, and serves to
derive a set  apportioning and updating section 11 for a second of updated
accumulated errors SA to SD which       embodiment of the present
invention. As shown in respectively correspond to the picture element po-
Fig. 2, the apportionment factor generating section 5    
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recirculating shift register consisting  ture element position D, as the
updated accu- of four shift register stages, respectively desig-  mulated
error value for the picture element position nated as 200 (SR1) to 203
(SR4). Prior to the      D. commencement of image processing, a set of ap-
As a result of this operation of the error appor- oortionment factors KAO,
KBO, KCO and KDO are   5   tioning and updating section 11, the only memory
loaded into the registers 200 to 203 as respective  accessing which is
required for the error memory 1 initial values. The x-direction sync signal
13 is  consists of read-out access corresponding to the applied from an
input terminal 12 to each of the   picture element A, and write-in access
correspond- registers 200 to 203, to produce recirculation of the  ing to
the picture element D. Thus, a practical stored apportionment factors
through these regis-  10  configuration for this embodiment can be easily
ters in the direction of registers 203, 200, 201, 202.  implemented. The
output data from the registers 200 to 204 are     It should be noted that
it would be possible to supplied to the error apportioning and updating
attain results which are close to those obtainable section 11 as
apportionment factors  to [err] re-   with the above embodiment, if
apportionment factor spectively. In this way, the value of the apportion-
15  alteration by the apportionment factor generating ment factor KA will
change in the sequence KAO,    section 10 were to be executed once in each
KBO, KCO, KDO, in synchronism  with the sync       occurrence of a
plurality of successive picture ele- signal from input terminal 13.
Similarly the appor-  ment processing steps, rather than upon each suc-
tionment factor KB will change in the sequence     cessive processing step
(in synchronism with the KBO, KCO, KDO, KAO, the apportionment factor KC
20  x-direction sync signal) as in the above embodi- will change in the
sequence KCO, KDO, KAO, KBO,    ment. For example, it would be equally
possible to and tha apportionment factor [err] will change in the  execute
shift operation of register stages 200 to sequence KDO KAO, KBO, KCO. The
error appor-       203 in response to the y-direction sync signal, tioning
and updating section 11 multiplies the ap-  rather than the x-direction
sync signal. portionment factor KA by the bi-level conversion   25  With
the second embodiment of the invention error [err] that is inputted from
the subtractor 9, and  described above, a plurality of apportionment fac-
the result is then added to the accumulated error  tors in a set of
apportionment factors produced by S'A which corresponds to the picture
element posi-  the apportionment factor generating section 10 are tion A,
(the accumulated error S'A being read out  sequentially altered as image
processing proceeds, from the error memory 1) and the result of this is  30
to thereby avoid a condition in which the respective temporarily stored in
an internal register 204 (RA)  proportions by which a bi-level conversion
error of to be utilized as the accumulated error [err] for the  an object
picture element is apportioned among a next picture element to be
processed, in the       set of peripherally adjacent picture elements are
suceeding picture element processing step. Since   held constant. As a
result, the texture which is the accumulated error for the picture element
B is  35  produced with the prior art error diffusion method is first
produced during processing of the object pic-  substantially eliminated.
ture element 3, the bi-level conversion error [err]       Fig. 3 shows a
specific configuration for the and the apportionment factor [err] are
multiplied to-  error apportioning and updating section 11 and the gether
and the result is temporarily stored as the   apportionment factor
generating section 10 of a accumulated error for the picture element
position   40  third embodiment of an image signal processing B, in an
internal register 205 (RB). The apportion-  apparatus according to the
present invention. As ment factor KC and the bi-level conversion error
shown in Fig. 3, the apportionment factor generat- [err] are multiplied
together, and the result is added  ing section 10 contains memories 300 and
301, for to an accumulated error which was derived during   respectively
storing two sets of apportionment fac- the immediately preceding picture
element pro-  45  tors [err] These apportion- cessing operation and had
been temporarily stored  ment factors are stored beforehand in the memo- in
the internal register 205 (RB), and the result of  ries 300 and 301, prior
to the commencement of this addition is then temporarily stored in the
inter-  image processing. A selection signal generating nal register 206
(RC), as the accumulated error    circuit 302 receives from a sync signal
input termi- value for the picture element position C. The ap-  50  nal 12
an x-direction sync signal 13, and produces portionment factor KD and the
bi-level conversion  as output a selection signal 307 at predetermined
error [err] are multiplied together, and the result is  image processing
intervals. This signal 307 is ap- added to an accumulated error which was
derived    plied to a set of selectors 303 to 306. The selectors during the
immediately preceding picture element   303 to 306 function to select
apportionment factors processing operation and had been temporarily  55
[err] (which respectively correspond to the stored in the internal register
206 (RC), and the  picture element positions A to D of the error mem-
result of this addition is then stored in a position in  ory 1) from the
two sets of apportionment factors the error memory 1 which corresponds to
the pic-   stored in memories 300 nd 301, i.e. apportionment 6    
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factors from a plurality of predetermined sets of and K2D). The selection
signal generator 302 within  apportionment factors, with the selection
being per- the apportionment factor generating section 10 of  formed in a
predetermined sequence or in a ran- this embodiment produces a selection
signal        dom sequence. As a result, the amounts of bi-level whereby
the two sets of apportionment factors   5   conversion error which are
apportioned among pic- stored in memories 300 and 301 are sequentially
ture elements disposed peripherally adjacent to an selected by the
selectors 303 to 306 to be pro-    object picture element are prevented
from being duced as the apportionment factors [err]. How-  biased towards
particular picture elements which ever it would be equally possible utilize
as the   have a fixed mutual positional relationship with the selection
signal generator 302 a maximum length  10  object picture element, whereby
an output image counter circuit, for example, coupled to receive the
produced by processing by the apparatus of the x-sync signal 13 from input
terminal 12, and to    present invention can be kept substantially free
thereby execute random, rather than periodic se-   from a texture pattern.
lection of the two sets of apportionment factors in   A specific
configuration for the error apportion- memories 300 and 301, i.e. to
generate and apply  15  ing and updating section 11 and the apportionment
to the selectors 303 to 306 a selection signal which  factor generating
section 10 of a foruth embodi- executes such random selection.
ment of an image signal processing apparaus ac- The error apportioning and
updating section 11  cording to the present invention 1 will now be
operates in synchronism with the sync signal 13 to  described, referring to
Fig. 4. In Fig. 4, a memory multiply the apportionment factors KA to KD
thus  20  400 is provided within the apportionment factor produced by the
bi-level conversion error [err] that  generating section 10, for storing a
single set of is inputted from the subtractor 9, to thereby obtain
apportionment factors K1 to K4. This set of appor- a set of error
apportionment values 312 to 315..   tionment factors is stored prior to the
commence- The error apportionment value 312 is then added to  ment of image
processing. A random signal gener- the accumulated error S'A that
corresponds to the   25  ator 401 produces a selection signal 402 at peri-
picture element position A, (the accumulated error  odic timings which are
synchronized with the x- S'A being read out from the error memory 1) and
direction sync signal 13 supplied from sync signal the result of this is
temporarily stored in an internal  input terminal 12. The random signal
generator 401 register 317 (RA) to be utilized as the accumulated  can be
configured as a maximum length counter error [err] for the next picture
element to be pro-  30  circuit, for example. A selector 403 has four
output cessed in the succeeding processing step. The      terminals 403a to
403d, and selects respective error apportionment value 313 is temporarily
stored  ones of the stored apportionment factors K1 to K4 (without being
altered) as the accumulated error SB  to be transferred to the output
terminals 403a to for the picture element position B, in an internal  403d,
in response to the selection signal 402. The register 318 (RB). The error
apportionment value   35  selector 403 thereby performs random selection
314 and data which were derived during the imme-   from the set of
apportionment factors K1 to K4 diately preceding image processing operation
and   stored in the memory 400, to produce apportion- had been temporarily
stored in the internal register  ment factors KA to KD respectively
corresponding 318 (RB) are added together, and the result of the  to the
picture elements A to D in the peripherally addition is then temporarily
stored in the internal  40  picture element region 2 adjacent to the object
register 320, as the accumulated error value (RC)  picture element 1. There
are 401 possible ways in for the picture element position C. The error
appor-  which the apportionment factors KA to KD can be tionment value 315
is added to data which were     selected from K1 to K4, i.e. in which KA to
KD can derived during the immediately preceding picture   be connected as
K1 to K4, so that the selection element processing  operation and
temporarily  45  signal 402 is a 4-bit parallel signal. stored in the
internal register 320 (RC), and the      The error apportioning and
updating section 11 result of this addition is stored in a memory posi-
operates in synchronism with the sync signal 13 to tion in the error memory
1 which corresponds to    multiply the apportionment factors KA to KD the
picture element position D. In this way, the ony  (supplied from the
apportionment factor generating memory accessing which is required in the
error  50  section 10) by the bi-level conversion error [err] that memory 1
consists of read-out access correspond-   is supplied from the subtractor
9, to thereby obtain ing to the picture element A, and write-in access  a
set of error apportionment values 408 to 411. corresponding to the picture
element D, so that a  This multiplication is executed by a set of multipli-
practical configuration can be easily implemented.  ers 404 to 407. The
error apportionment value 408 With the third embodiment described above,
55  is then added (by an adder 412) to the accu- the image signal
processing apparatus includes     mulated error S'A thatcorresponds to the
picture apportionment factor generating means which func-  element position
A, (the accumulated error S'A be- tion by selecting a single set of
apportionment    ing read out from the error memory 1) and the 7    
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temporarily stored in an internal  referring to Fig. 5. With this
configuration the ap- register 413 (RA) to be utilized as the accumulated
portionment factor generating section 10 is pro- error [err] for the next
picture element to be pro-  vided with two memories 500 and 501, which re-
cessed in the succeeding processing step. The      spectively have
apportionment factor sets [err] to error apportionment value 409 is
temporarily stored   5   [err] stored therein prior to the (without
altemation) as the acccumulated error SB  commencement of processing, i.e.
a plurality of for the picture element position B, in an internal  sets of
apportionment factors are stored before- register 413 (RB). The error
apportionment value   hand. 409 and data which were derived during the
imme-      An initial value table 502 has initial values diately preceding
picture element processing op-  10  stored therein prior to the
commencement of image eration and temporarily stored in the internal regis-
processing, which are used to determine the start- ter 413 (RB) are added
together (by an added       ing point of random signal generation, which is
414), and the result of the addition is then tem-  performed periodically
once in a plurality of scan- porarily stored in the internal register 415,
as the  ning lines. An initial value 505 is thereby outputted accumulated
error value (SC) for the picture ele-  15  in response to a line sync (i.e.
y-direction sync) ment position C. The error apportionment value     signal
504 which is applied from a sync signal 409 is then added to data which
were derived       input terminal 503. The line sync signal 504 is during
the immediately preceding picture element   synchronized with the period of
processing succes- processing operation and temporarily stored in the  sive
lines of picture elements, as described internal register 415 (RC), and the
result of this  20  hereinabove. The initial value table can be config-
addition is stored in a memory position in the error  ured from a RAM or
ROM memory, having stored memory 1 which corresponds to the picture ele-
therein a set of values of successively increasing ment position D. As for
the previously described   magnitude, which are read out on successive
scan- configurations, a practical configuration for this em-  ning lines,
in response to the line sync signal bodiment can be easily implemented, due
to the   25  applied thereto. However it would be equally possi- limited
number of memory access operations re-     ble to configure the initial
value table as a counter, quired.
which counts successive pulses of the line sync With the configuration
shown in Fig. 4 and      signal, so that successive initial values produced
described above, as for the two previously de-     thereby are incremented
by a predetermined in- scribed embodiments, a condition is avoided   30
teger once in each occurrence of an arbitrary num- wherein fixed
proportions of apportionment of a bi-  ber of scanning line periods. level
conversion error of an object picture element   The random signal generator
506 periodically are estabilished among peripherally adjacent pic-
generates a random selection based on random ture elements to that object
picture element, this  number generation, in synchronism with the sync
condition being avoided due to the use of an ap-  35  signal 13 which is
generated in synchronism with portionment factor generating section which
ex-    an image processing period along the x-direction. ecutes random
selection from a single predeter-    The starting point of this random
signal generation mined set of apportionment factors of a plurality of  is
periodically set to a new initial value 505 which apportionment factors
respectively corresponding   is produced from the initial value table 502
in to peripheral picture element positions, with this  40  response to the
line sync signal 504. selection being repetitively executed as image pro-
The selection signal 507 can be generated for cessing proceeds. As a
result, a texture pattern   example by utilizing a maximum length counter
which is produced with the prior art error diffusion  circuit as the random
signal generator 506. The method is substantially eliminated.
selectors 508 to 511 are responsive to this selec- It should also be noted
that it would be equally  45  tion signal 507 for randomly selecting and
transfer- possible to apply a sync signal to the random      ring
respective ones of the two sets of apportion- signal generating circuit 401
such that alteration of  ment factors stored in the memories 500 and 501,
the apportionment factors [err] occurs once in  to be outputted from the
selectors as the apportion- each of an arbitrary plurality of successive
picture  ment factors [err]. element processing steps, rather than upon
each   50  The error apportioning and updating section 11 successive
processing step (in response to the x-  operates in synchronization with
the sync signal 13 direction sync signal 13) as in the above embodi-  to
multiply the apportionment factors KA to KD from ment.
the apportionment factor generating section 10 by A specific configuration
for the error apportion-  the bi-level conversion error [err] which is
supplied ing and updating section 11 and the apportionment  55  from the
subtractor 9, to thereby obtain a set of factor generating section 10 of a
fifth embodiment  error apportionment values 516 to 519. This mul- of an
image signal processing apparatus according  tiplication is executed by a
set of multipliers 512 to to the present invention will now be described,
515. The error apportionment value 516 is then 8    
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adder 520 to the accumulated error     tion of the error memory 1 can be
made more [err] that corresponds to the picture element position  simple,
with the embodiments of Figs. 2 to 5, due A, (the accumulated error S'A
being read out from  to the reduced number of memory accesses which the
error memory 1) and the result of this is tem-  are necessary during each
processing step. In , porarily stored in an internal register 521 (RA) to
be   5   spite of these differences, the basic operation of utilized as the
accumulated error [err] for the next  accumulated error generation is
substantially iden- picture element to be processed in the suceeding
tical for all of the embodiments, and the embodi- processing step. The
error apportionment value     ments of Figs. 2 to 5 can be considered (with
517 is temporarily stored as the accumulated error  respect to the
configuration and operation of the SB for the picture element position B,
in an internal  10  error apportioning and updating section 11 and register
522 (RB). The error apportionment value   error memory 1) as modifications
of the embodi- 518 and data which had been temporarily stored in  ment of
Fig. 1, with error memory means in these the internal register 24 (RB) are
added together by  embodiments being constituted by the set of regis- an
adder 523, and the result is then temporarily   ters RA to RC in
conjunction with the error memory stored in the internal register 524, as
the accu-  15  1, whereas the error memory means of the first mulated error
value (SC) for the picture element   embodiment is entirely constituted by
the error position C. The error apportionment value 519 is   memory 1.
added by an adder 525 to data which had been          Although the present
invention has been de- temporarily stored in the internal register 524
(RC),  scribed in the above with reference to specific and the result is
stored in a memory position in the   2o  embodiments, it should be noted
that various error memory 1 which corresponds to the picture    changes and
modifications to these may be envis- element position D.
aged. For example, any of the apportionment factor With the configuration
of Fig. 5 described      generating sections of the embodiments of Figs. 2
above, as for the previously described embodi-     through 5 can be
utilized as the apportionment ments, a condition is avoided whereby the
respec-  25  factor generating section of the embodiment of Fig. tive
proportions of apportionment of a bi-level con-  1. version error of an
object picture element among a set of peripherally adjacent picture
elements are  Claims held constant. This is achieved by random selec- tion
of apportionment factors from a plurality of  3o  1. An image signal
processing apparatus for sam- sets of apportionment factors, as image
processing     pling an input signal representing a continuous proceeds.
Elimination of a texture pattern is there-   tone image, in units of
picture elements con- by achieved, as for these previous embodiments.
tained in successive scanning lines of said Furthermore, due to the fact
that the starting     input signal, to produce a bi-level image signal;
point of random signal generation (i.e. based on   35  the apparatus
comprising: generation of successive random numbers) is new-          error
memory means (1) for storing accu- ly established periodically, once in
each occur-       mulated errors at positions respectively cor- rence of an
arbitrary number of successive scan-       responding to an object picture
element and a ning lines, texture is effectively suppressed ir-
plurality of picture elements which are posi- respective of the number of
picture elements which   40  tioned peripherally adjacent to said object
pic- exist along the x-direction.                           ture element;
It will be apparent from the above that each of       input correction
means (5) for adding a the second through fifth embodiments differs from
level of said input signal, representing the den- the first embodiment of
Fig. 1 with respect to the     sity of said object picture element in said
im- manner in which accumulated errors are stored.  45     age, to an
accumulated error which has been With the embodiment of Fig. 1, all of the
accu-        stored during a preceding processing step at mulated errors
are stored in the error memory 1,       said position within said error
memory means so that a substantial number of memory read and
corresponding to said object picture element, write access operations with
respect to the error     to derive a corrected level as a result of said
memory 1 must be executed during each picture  50      addition; element
processing step. However with the em-             bi-level conversion means
(8) for compar- bodiments of Figs. 2 to 5, three internal registers of  ing
said corrected level with a predetermined the error apportioning and
updating section 11 are    threshold value to thereby determine a bi-level
utilized for temporary storage of accumulated er-      value for said
object picture element, and for rors, with the accumulated error [err] for
an object  55  producing said bi-level value as said bi-level picture
element being produced from one of these       image signal; registers
(i.e. RA) at the start of a picture element     difference computation
means (9) for de- processing step. Thus, the operation and configura-
riving a bi-level conversion error which is the 9    
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added by an adder 520 to the accumulated error      tion of the error
memory 1 can be made more S'A that corresponds to the picture element
position  simple, with the embodiments of Figs. 2 to 5  due A, (the
accumulated error [err] being read out from    to the reduced number of
memory accesses which the error memory 1) and the result of this is tem-
are necessary during each processing step. In porarily stored in an
internal register 521 (RA) to be   5   spite of these differences, the
basic operation of utilized as the accumulated error S[err] for the next
accumulated error generation is substantially iden- picture element to be
processed in the suceeding    tical for all of the embodiments, and the
embodi- processing step. The error apportionment value      ments of Figs.
2 to 5 can be considered (with 517 is temporarily stored as the accumulated
error  respect to the configuration and operation of the SB for the picture
element position B, in an internal  10  error apportioning and updating
section 11 and register 522 (RB). The error apportionment value    error
memory 1) as modifications of the embodi- 518 and data which had been
temporarily stored in   ment of Fig. 1, with error memory means in these
the internal register 24 (RB) are added together by  embodiments being
constituted by the set of regis- an adder 523, and the result is then
temporarily   ters RA to RC in conjunction with the error memory stored in
the internal register 524, as the accu-   is  1, whereas the error memory
means of the first mulated error value (SC) for the picture element
embodiment is entirely constituted by the error position C. The error
apportionment value 519 is    memory 1. added by an adder 525 to data which
had been           Although the present invention has been de- temporarily
stored in the internal register 524 (RC),  scribed in the above with
reference to specific and the result is stored in a memory position in the
20  embodiments, it should be noted that various error memory 1 which
corresponds to the picture     changes and modifications to these may be
envis- element position D.                                 aged. For
example, any of the apportionment factor With the configuration of Fig. 5
described      generating sections of the embodiments of Figs. 2 above, as
for the previously described embodi-     through 5 can be utilized as the
apportionment ments, a condition is avoided whereby the respec-   25
factor generating section of the embodiment of Fig. tive proportions of
apportionment of a bi-level con-  1. version error of an object picture
element among a set of peripherally adjacent picture elements are   Clalms
held constant. This is achieved by random selec- tion of apportionment
factors from a plurality of  30  1. An image signal processing apparatus
for sam- sets of apportionment factors, as image processing     pling an
input signal representing a continuous proceeds. Elimination of a texture
pattern is there-   tone image, in units of picture elements con- by
achieved, as for these previous embodiments.        tained in successive
scanning lines of said Furthermore, due to the fact that the starting
input signal, to produce a bi-level image signal; point of random signal
generation (i.e. based on   35  the apparatus corriprising: generation of
successive random numbers) is new-           error memory means (1) for
storing accu- ly established periodically, once in each occur-
mulated errors at positions respectively cor- rence of an arbitrary number
of successive scan-       responding to an object picture element and a
ning lines, texture is effectively suppressed ir-      plurality of picture
elements which are posi- respective of the number of picture elements which
40  tioned peripherally adjacent to said object pic- exist along the
x-direction.                           ture element; It will be apparent
from the above that each of        input correction means (5) for adding a
the second through fifth embodiments differs from      level of said input
signal, representing the den- the first embodiment of Fig. 1 with respect
to the     sity of said object picture element in said im- manner in which
accumulated errors are stored.  45     age, to an accumulated error which
has been With the embodiment of Fig. 1, all of the accu-        stored
during a preceding processing step at mulated errors are stored in the
error memory 1,       said position within said error memory means so that
a substantial number of memory read and        corresponding to said object
picture element, write access operations with respect to the error      to
derive a corrected level as a result of said memory 1 must be executed
during each picture  so      addition; element processing step. However
with the em-              bi-level conversion means (8) for compar-
bodiments of Figs. 2 to 5, three internal registers of  ing said corrected
level with a predetermined the error apportioning and updating section 11
are     threshold value to thereby determine a bi-level utilized for
temporary storage of accumulated er-      value for said object picture
element, and for rors, with the accumulated error [err] for an object  55
producing said bi-level value as said bi-level picture element being
produced from one of these       image signal; registers (i.e. RA) at the
start of a picture element      difference computation means (9) for de-
processing step. Thus, the operation and configura-    riving a bi-level
conversion error which is the 9   
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difference between said corrected level and         periodically generating
a selection signal (307) said bi-level value determined for said object
; and picture element;                                        selector
means (303, 304, 305, 306), re- apportionment factor generating means
sponsive to said selection signal for sequen- (10) for generating a
plurality of apportionment   5  tially selecting values from said sets of
appor- factors for apportioning said bi-level conversion   tionment factor
values stored in said memory error among a plurality of picture elements
means, to to be produced from said selector which have not yet been
processed and are           elements as said apportionment factors (KA-Ko)
positioned at the periphery of said object pic-     for apportioning said
bi-level conversion error ture element; and                          10
among said peripherally adjacent picture ele- error apportionment and
updating means           ments. (11) for computing respective error
apportion- ment values corresponding to said peripherally  5. An image
signal processing apparatus accord- adjacent picture elements, based on
said bi-        ing to claim  1, wherein said apportionment level
conversion error for said object picture  is  factor generating means (10)
comprises means element and said plurality of apportionment         for
generating said apportionment factors by factors, adding said error
apportionment values     periodically executing random selection of re- to
corresponding accumulated errors which           spective values for said
apportionment factors have been previously stored in said error
from a plurality of predetermined sets of ap- memory means at predetermined
storage posi-  20      portionment factor values. tions corresponding to
said peripherally adja- cent picture elements, to obtain updated accu-   6.
An image signal processing apparatus accord- mulated errors, and storing
the updated accu-       ing to claim 5, wherein said apportionment mulated
errors in said error memory means;          factor generating means (10)
comprises: the apparatus being characterised in that  25       a plurality
of memory means (501, 502,) said apportionment factor generating means
having stored therein respective sets of appor- (10) is adapted to
periodically alter said appor-   tionment factor values [err] tionment
factors.                                       selection signal generating
means (506) for periodically generating a randomly varying se- 2. An image
signal processing apparatus accord-   30    lection signal (507) ; and ing
to claim  1, wherein said apportionment             a plurality of selector
elements (508, 509, factor generating means (10) comprises a re-
510, 511), each of said selector elements be- circulating shift register
having a plurality of    ing responsive to said selection signal for ran-
shift register stages (200, 201, 202, 203) for      domly selecting one of
a plurality of values holding respective ones of a predetermined set  35
which are respectively stored in said plurality of apportionment factors
and responsive to a        of memory means, the randomly selected val-
periodically generated shift signal for executing   ues being outputted
from said selector ele- shift operations, said apportionment factors be-
ments as said apportionment factors for appor- ,    ing periodically
shifted through said shift regis-   tioning said bi-level conversion error
among ter stages and being generated as outputs  40       said peripherally
adjacent picture elements. from said shift register stages, to be supplied
to said error apportioning and updating means.   7. An image signal
processing apparatus accord- ing to claim 6, wherein said random signal 3.
An image signal processing apparatus accord-         generating means (506)
comprises a maximum ing to claim  1, wherein said apportionment  45
length counter circuit. factor generating means (10) comprises means for
generating said apportionment factors by     8.  An image signal processing
apparatus accord- sequentially selecting said apportionment fac-      ing
to claim 7, wherein said random signal tors from a plurality of
predetermined sets of      generating means (506) generates said selec-
apportionment factor values.                so      tion signal (507) based
upon random number generation, wherein said random number gen- 4. An image
signal processing apparatus accord-         eration is initiated from an
arbitrary initial val- ing to claim  3, wherein said apportionment
ue, and wherein said initial value is periodically factor generating means
(10) comprises:             altered. a plurality of memory means (300, 301)
55 having stored therein respective sets of appor-  9. An image signal
processing apparatus accord- tionment factor values;
ing to claim 8, comprising initial value generat- selection signal
generating means (302) for      ing means (502) for generating said
arbitrary 10  
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value which is periodically     Pegel als ein Ergebnis der Addition
abzuleiten; incremented by a predetermined integer.
Zweipegel-Wandlermittel (8) zum Vergleichen des korrigierten Pegels mit
einem vorbestimm- 10. An image signal processing apparatus accord-
ten Schwellwert, um dadurch einen Zweipegel- ing to claim 9, wherein said
initial value gen-   5  Wert flr das Objekt-Bildelement zu bestimmen
erating means (502) executes said periodic         und  um   den
Zweipegel-Wert als  das incrementing once in each of an arbitrary num-
Zweipegel-Bildsignal zu erzeugen; ber of successive ones of said scanning
lines.     Differenzrechenmittel (9) zum Ableiten eines
Zweipegel-Wandlerfehlers, der die Differenz 11. An image signal processing
apparatus accord-  lo   zwischen dem korrigierten Pegel und dem flr ing to
claim  1, wherein said apportionment        das     Objekt-Bildelement
bestimmten factor generating means (10) comprises means
Zweipegel-Wert ist; for generating said apportionment factors by
Zuteilungsfaktor-Erzeugermittel (10) zum  Er- periodically executing random
selection of re-     zeugen einer Vielzahl von Zuteilungsfaltoren spective
values for said apportionment factors  t5  zum Aufteilen des
Zweipegel-Wandlerfehlers from a single predetermined set of apportion-
unter einer Vielzahl von Bildelementen, die ment factor values.
noch nicht bearbeitet wurden und an der Peri- pherie des
Objekt-Bildelements angeordnet 12. An image signal processing apparatus
accord-       sind; und ing to claim 12, wherein said apportionment  20
Fehlerzuteilungs- und Akitualisierungsmittel (11) factor generating means
(10) comprises:            zum  Errechnen jeweiliger Fehlerzuteilungs-
memory means (400) having stored therein       Werte entsprechend den
peripher benachbar- a set of apportionment factor values;              ten
Bildelementen aufgrund des Zweipegel- selection signal generating means
(401) for     Wandlerfehlers fOr das Objekt-Bildelement und periodically
generating a randomly varying se-  25  dervielzahl von Zuteilungsfaktoren,
zum Addie- lection signal (402); and                          ren der
Fehlerzuteilungs-Werte zu entspre- selector means (403) responsive to said
chenden akkumulierten Fehlern, die vorher in selection signal for randomly
selecting com-       dem  Fehlerspeichermittel an vorbestimmten binations
of said values stored in said memory     Speicherplatzen gespeichert worden
sind, ent- means (400) and for outputting the selected   3o   sprechend den
peripher benachbarten Bildele- combination of values as said apportionment
menten, um aktualisierte akkumulierte Fehler factors for apportioning said
bi-level conversion  zu erhalten und um die aktualisierten akkumu- error
among said peripherally adjacent picture     lierten Fehler in dem
Fehlerspeichermittel zu elements.
speichern; 35      wobei die Vorrichtung dadurch gekennzeichnet
PatentansprUche                                        ist, daB das
Zuteilungsfaktor-Erzeugungsmittel (10) ausgelegt ist, die
Zuteilungsfaktoren perio- 1. Bildsignal-Bearbeitungsvorrichtung zum Abta-
disch zu andem. sten eines anliegenden Signals, das ein konti- nuierlich
getbntes Bild darstellt, in Einheiten   4o  2.
Bildsignal-Bearbeitungsvorrichtung  nach  An- von Bildelementen, die in
aufeinander folgen-      spruch 1, bei der das Zuteilungsfaktor-Erzeu- den
Abtastzeilen des Eingangssignals enthal-       germittel (10) umfalt ein
umlaufendes Schie- ten sind, zur Erzeugung eines Zweipegel-Bild-
beregister mit einer Vielzahl von Schieberegi- signals; wobei die
Vorrichtung umfalt:             sterstufen (200, 201, 202, 203) zum  Halten
Fehlerspeichermittel (1) zum Speichem akku-  4s   jeweiliger
Zuteilungsfaktoren aus einer vorbe- mulierter Fehler an Positionen, die
jeweils ei-    stimmten Reihe von Zuteilungsfaktoren und nem
Objekt-Bildelement und einer Vielzahl von      zum AusfUhren von
Schiebevorgangen in Re- Bildelementen entsprechen, welche peripher
aktion auf ein periodisch erzeugtes Schiebesig- benachbart zum
Objekt-Bildelement angeord-         nal, wobei die Zuteilungsfaktoren
periodisch net sind;                                  50      durch die
Schieberegisterstufen geschoben Eingangskorrekturmittel (5), um einen die
Dich-    werden, um zu dem Fehlerzuteilungs- und Ak- te des
Objekt-Bildelements in dem Abbild re-       tualisierungsmittel zugefUhrt
zu werden. prisentierenden Eingangssignalpegel zu einem akkumulierten
Fehler zu addieren, der wahrend  3. Bildsignal-Bearbeitungsvorrichtung
nach An- eines vorangehenden Bearbeitungsschritts an   55   spruch 1, bei
der das Zuteilungsfaktor-Erzeu- der dem  Objekt-Bildelement entsprechenden
gungsmittel (10) Mittel umfalt zum Erzeugen Position innerhalb des
Fehlerspeichermittels       der Zuteilungsfaktoren aus einer Vielzahl von
gespeichert worden ist, um einen korrigierten      vorbestimmten Reihen von
Zuteilungsfaktor-   



21                EP 0 264 302 B1                    22    j         j
IlfII II111111 werten.                                            von
Zufallszahl-Erzeugung erzeugt, wobei die Zufallszahl-Erzeugung von einem
wilikUrlichen 4. Bildsignal-Bearbeitungsvorrichtung  nach An-
Initialwert eingeleitet wird und der Initialwert spruch 3, bei der das
Zuteilungsfaktor-Erzeu-      periodisch geandert wird. gungsmittel (10)
umfait: eine VieIzahl von   5 ,~'   Speichermitteln (300, 301), in denen
jeweilige  9. Bildsignal-Bearbeitungsvorrichtung  nach An- Reihen von
Zuteilungsfaktorwerten gespeichert      spruch 8, der umfalt
Initialwert-Erzeugermittel sind;
(502) zum Erzeugen des wilikOrlichen Initial- Auswahlsignal-Erzeugermittel
(302) zum perio-      werts als einen Wert, der periodisch um eine dischen
Erzeugen eines Auswahisignals (307);  1o   vorbestimmte ganze Zahl erh6ht
wird. und Auswahimittel (303, 304, 305, 306), um nach-    10.
Bildsignal-Bearbeitungsvorrichtung  nach An- einander Werte aus den Reihen
von in dem           spruch 9, bei der das Initialwert-Erzeugermittel
Speichermittel gespeicherten Zuteilungsfaktor-     (502) die periodische
Erh6hung einmal bei ei- werten in Reaktion auf das Auswahisignal aus-  15
ner wiliklrlichen Anzahl von aufeinanderfolgen- zuwahlen, um von den
Auswahlelementen als          den Abtastzeilen ausfUhrt. die
Zuteilungsfaktoren (KA-Ko) zum Zuteilen des Zweipegel-Wandlerfehlers an die
peripher   11. Bildsignal-Bearbeitungsvorrichtung  nach An- benachbarten
Bildelemente erzeugt zu werden.       spruch 1, be! der das
Zuteilungsfaktor-Erzeu- 20      germittel (10) Mittel umfa~t, welche die
Zutei- 5. Bildsignal-Bearbeitungsvorrichtung  nach An-       lungsfaktoren
erzeugen  durch periodisches spruch 1, be! der das Zuteilungsfaktor-Erzeu-
AusfUhren von Zufallsauswahl von jeweiligen germittel (10) Mittel zum
Erzeugen der Zutei-      Werten fOr die Zuteilungsfaktoren aus einer
lungsfaktoren durch periodisches AusfUhren         einzigen vorbestimmten
Reihe von Zuteilungs- von Zufallsauswahl von jeweiligen Werten fUr  25
faktorwerten. die Zuteilungsfaktoren aus einer Vielzahl von vorbestimmten
Reihen von Zuteilungsfaktor-     12. Bildsignal-Bearbeitungsvorrichtung
nach An- werten umfalt.                                     spruch 12, bei
der das Zuteilungsfaktor-Erzeu- germittel (10) umfaBt: Speichermittel
(400), das 6. Bildsignal-Bearbeitungsvorrichtung  nach An-  3o    darin
eingespeichert eine Reihe von Zutei- spruch 5, bei der das
Zuteilungsfaktor-Erzeu-      lungsfaktorwerten besitzt; germittel (10)
umfaBt:                             Auswahisignal-Erzeugermittel (401) zum
perio- eine Vieizahl von Speichermitteln (501, 502)       dischen Erzeugen
eines sich zufallig andern- mit darin gespeicherten jeweiligen Satzen von
den Auswahlsignals (402); und Zuteilungsfaktorwerten (Kim-Kid' K12a-K2d);
35    Auswahimittel (403) in Abhangigkeit von dem
Auswahisignal-Erzeugermittel (506) zum perio-      Auswahisignal zum
zufalligen Auswahlen von dischen Erzeugen eines sich zufallig andern-
Kombinationen der in dem Speichermittel (400) den Auswahlsignals (507); und
eingespeicherten Werte und zum Ausgeben _.i    eine VieIzahl von
Auswahlelementen (508, 509,      der ausgewdhlten Kombinationen von Werten
510, 511), wobei jedes Auswahlelement auf  40      als  Zuteilungsfaktoren
zum  Zuteilen  des das AuswahIsignal reagiert zum zufliligen Aus-
Zweipegel-Wandlerfehlers an die peripher be- wahlen eines Wertes aus einer
Vielzahl von         nachbarten Bildelemente. Werten, die jeweils in der
Vielzahl von Spei- chermitteln gespeichert sind, wobei die zufallig
Revendicatlons ausgewAhlten Werte von den Auswahlelemen-  45 ten als die
Zuteilungsfaktoren ausgegeben       1. Appareil de traitement de signaux
d'image warden zum Zuteilen des Zweipegel-Wandler-         pour
echantillonner un signal d'entree repre- fehlers an die peripher
benachbarten Bildele-      sentant une image de tonalite continue, en
mente.                                             unites d'elements
d'image contenus dans des 50      lignes de balayage successives du signal
d'en- 7. Bildsignal-Bearbeitungsvorrichtung  nach  An-      tree de manibre
a produire un signal d'image spruch 6, bei der das Zufallssignal-Erzeuger-
bi-niveau, I'appareil comprenant: mittel (506) eine
Maximallingen-Z7hlerschal-           un moyen (1) de mdmorisation d'erreurs
tung umfalt.                                       pour stocker dans des
positions correspondant 55      respectivement & un 6lment d'image d'objet
a  Bildsignal-Bearbeitungsvorrichtung  nach An-        et a une pluralite
d'el6ments d'images qui sont spruch 7, bei der das Zufallssignal-Erzeuger-
peripheriquement adjacents audit element mitel (506) das AuswahIsignal
(507) aufgrund       d'image d'objet des erreurs accumul6es; 12   
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11111111 B|ij 111l * C   L   M   S * un moyen (5) de correction d'entr6e
pour        d'un ensemble predetermine de facteurs de ajouter le niveau du
signal d'entree, reprdsen-    repartition et sensible & un signal de
decalage tant la densite de I'elment d'image d'objet de    engendrd
periodiquement pour effectuer des ladito image, A une erreur accumuleo qui
a M       op~rations de d~calage, les facteurs de rdparti- stockee pendant
une 6tape de traitement pre-   5   tion etant decales periodiquement &
travers les cedente A ladite position & I'int6rieur du moyen   6tages de
registre & ddcalage et etant engen- de mdmorisation d'erreurs correspondant
A          dres en tant que sorties des 4tages de registre l'6ldment
d'image d'objet, de manibre a dddui-     A decalage pour Atre ddlivres au
moyen de re du resultat de ladite addition un niveau        repartition et
de mise A jour d'erreurs. corrig6;                                   10 un
moyen (8) de conversion bi-niveau pour   3. Appareil de traitement de
signaux d'image so- comparer le niveau corrigd avec une valeur de      lon
la revendication 1, dans lequel le moyon souil preddterminde de manibre A
ddterminer        (10) de g~n~ration de facteurs de r~partition ainsi une
valour bi-niveau pour I'4lment          comprend un moyen pour engendrer
los fac- d'image d'objet et pour produire ladite valeur  15  tours de
repartition par selection de fagon s6- bi-niveau on tant quo signal d'image
bi-niveau     quentiolle des facteurs de rdpartition d'une plu- ralite
d'onsembles preddtormin~s de valeurs un moyen (9) de calcul de difference
pour       de facteurs de repartition. trouver une erreur de conversion
bi-niveau qui est la diff6rence entre le niveau corrig4 et la  20  4.
Appareil de traitement signaux d'image solon valeur bi-niveau determin6e
par I'element         la revendication 3, dans loquel le moyen (10) d'image
d'objet;                                   de generation de facteurs de
repartition com- un moyen (10) de generation de facteurs         prend: de
repartition pour engondrer une pluralitd de         une plural!td de moyens
de memorisation factours de repartition en vue de repartir l'er-  25  (300,
301) dans losquels sont stockes des en- reur de conversion bi-niveau parmi
une plurali-    sembles respectifs de valeurs de facteurs de te d'6l6ments
d'image qui n'ont pas encore et      rdpartition; traites et qui so
trouvent a la pdriphdrie de          un moyon (302) de gdndration de signal
l'6ldment d'image d'objet; et                      de selection pour
ongendrer pdriodiquement un moyen (11) de repartition et de remise   30  un
signal de selection (307) ; et & jour d'errours pour calculer les valeurs
res-        des moyons de sdlection (303, 304, 305, pectives de repartition
d'errours correspondant    306) sensibles au signal de selection pour se-
aux elements d'image pdriphdriquement adja-        lectionner de fagon
sequentielle, parmi les en- cents sur la base de l'erreur de conversion bi-
sembles de valours de facteurs de repartition niveau pour l'dlement d'image
d'objet et de la  35  stockeos dans le moyen de mdmorisation, des pluralitd
de facteurs de rdpartition, afin d'ajou-  valeurs devant etre produites par
les elements ter les valeurs de repartition d'erreurs aux or-   de
sdlection en tant quo facteurs de repartition reurs correspondantes
accumulees qui ont dte       (KA-Ko) pour rdpartir l'erreur de conversion
bi- stockdes precedemment dans le moyen de             niveau parmi les
elements d'image peripheri- mdmorisation d'erreurs & des positions de   40
quement adjacents. stockage preddtorminees correspondant aux elements
d'image peripheriquement adjacents    5. Appareil de traitement de signaux
d'image se- de manibre & obtenir des erreurs accumulees        Ion la
revendication 1, dans lequel le moyen remises & jour, et pour stocker les
erreurs        (10) de generation de facteurs de repartition accumuldes
remises & jour dans le moyen de   45    comprend un moyen pour engendrer
les fac- mdmorisation d'erreurs;                            tours de
repartition par execution de fagon l'appareil 4tant caractdrisd on co quo
le       periodique d'une selection aleatoire de valeurs moyen (10) de
gdndration de facteurs de re-        respectives relatives aux factours de
rdpartition partition est adaptd pour modifier pdriodique-     parmi une
pluralite d'ensembles prdddterminds ment les facteurs de repartition.
wo       de valeurs de facteurs de repartition. 2. Appareil de traitement
de signaux d'image se-   6. Appareil de traitement de signaux d'image se-
lon la revendication 1, dans lequel le moyon       Ion la revendication 5,
dans lequel le moyen (10) de generation de facteurs de repartition
(10) de generation de facteurs de rdpartition comprond un registre A
decalage & recircula-  65   comprend: tion comportant une pluralitd
d'6tages (200,           une pluralitd de moyens de mdmorisation 201, 202,
203) de registre & ddcalage destine      (501, 502) dans lesquels sont
stockds les on- a contenir les factours de repartition respectifs  sembles
respectifs de valeurs (K1.-Kld, K2r- 13   
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lull  11 111 III, K2d) de factours de rdpartition;               12.
Appareil de traitement de signaux d'image se- un moyen (506) de generation
de signal         Ion la revendication 11, dans loquel le moyen de
selection pour ongendrer periodiquement         (10) de generation de
facteurs de r6partition un signal de selection (507) qui varie de fagon
comprend: al6eatoire ; et                            5           un moyen
de memorisation (400) dans le- une pluralitd d'elements de selection (508,
quel est stocke un ensemble de valeurs de 509, 510, 511), chacun desdits
elements de         factours de repartition; selection etant sensible au
signal de selection        un moyen (401) de generation de signal pour
s6lectionner de fagon al6atoire une valeur    de s6lection pour engendrer
periodiquement parmi une pluralite de valours qui sont stoc-  10  un signal
de sdlection (402) variant de fagon kees respectivement dans la pluralite
de           aleatoire ; et moyens de memorisation, les valours selec-
un moyen de selection (403) sensible au tionndes de fagon aleatoire dtant
delivrdes A la   signal de sdlection pour selectionner de fagon sortie des
elements de s~lection comme fac-        al6atoire des combinaisons des
valeurs stoc- tours de repartition pour repartir l'erreur de   76  Ieds
dans le moyen de memorisation (400) et conversion bi-niveau parmi les
eiements d'ima-     pour delivrer a sa sortie les combinaisons se- go
peripheriquement adjacents.                     lectionnees de valours en
tant quo facteurs de repartition pour repartir l'erreur de conversion 7.
Appareil de traitement de signaux d'image se-       bi-niveau parmi les
elements d'image periphe- K..-'  Ion la revendication 6, dans loquel le
moyen   2o  riquement adjacents. (506) de generation de signal aleatoire
corn- prend un circuit de comptage de longueur maximale. 8. Appareil de
traitement de signaux d'image se-  25 Ion la revendication 7, dans lequel
le moyen (506) de generation de signal aldatoire ongen- dre le signal de
s~lection (507) sur la base de la generation de nombre aleatoire, dens
loquel la generation de nombre aleatoire est declen-  30 chde par une
valeur initiale arbitraire, et dens lequel ladite valeur initiale est
modifieo periodi- quement. 9. Appareil de traitement de signaux d'image so-
36 Ion la revendication 8, compronant un moyen (502) de gdndration de
valeur initiale pour en- gendrer une valeur initiale arbitraire en tant que
valeur incrdmentde periodiquement d'un nombre entior predetormine.
40 10. Appareil de traitement de signaux d'image so- lon la revendication
9, dans loquel le moyen (502) de gendration de valeur initiale execute
l'incrementation p6riodique, une fois au cours  46 de chaque ligne de
balayage, d'un nombre arbitraire de lignes de balayage successives. 11.
Appareil de traitement de signaux d'image so- lon la revendication 1, dens
loquel le moyen   60 (10) de generation de facteurs de repartition comprend
un moyen pour engendrer les fac- tours de repartition par execution de
fagon periodique d'une selection aleatoire de valeurs respectives relatives
aux factours de repartition   6S a partir d'un soul ensemble preddtermind
de valours de facteurs de repartition. 14    


