
1                EP 0 360 401 B1                    2 Description
Embodiment Field of the Invention                                 In order
that the invention may be fully under- stood a preferred embodiment thereof
will now be de- This invention relates to digital data display sys-   5
scribed with reference to the accompanying drawings tern and partially to a
method and an apparatus for  in which: converting any M gray levels in a
K-gray scale (half-  Fig. I is a block diagram representing the con- tone)
to M gray levels in an N-gray scale (where       struction of the display
output of a personal com- K>N[err]M).
puter incorporating the gray scale converter ac- More particularly, it is
related to a method and an   10  cording to this Invention; apparatus
wherein, in order to allow the display out-  Fig. 2 is a schematic
representation of the con- put data to a CRT capable of displaying with a K
(for  version table in the above described gray scale example,
64)-grayscale in a personal computeror the    converter; like to also be
displayed on a plasma display capable  Figs. 3a - 3e are schematic
representations of displaying an N (for example, 18)-gray scale, when   15
showing the operational stages of the processing selected M (for example,
14) gray levels in the K-gray  table in the above described gray scale
conver- scale are given; those M gray levels are converted to  ter, and the
N-gray scale so as to be mutually identifiable.    Figs. 4a - 4e are flow
charts showing the algo- rithm used in creating the above described con-
PriorArt                                        20      version table. Fig.
1 shows an application example of the gray It is known that a dot matrix
display having a mul-  scale conversion apparatus of this invention. Data
ti-level gray scale is displayed in a halftone represen-  outputted from
the control unitof a personal computer tation using a dithering technique
in order to display  or the like Is converted by a CRT controller to a dis-
it with another multi-level gray scale, but this is that  25  play data for
a CRT display which is capable of dis- one-dotgray scale is converted to a
multi-dot halftone  playing 640 x 400 dots. This display data specifies a
and it cannot be applied to a one-dot to one-dot con-  gray level in
64-gray scale with 6 bits with respect to version.
each of 640 x 400 dots. These data are converted to Some personal computers
can display a multi-    analogue data by a digital-to-analogue converter
level gray scale representation on a CRT, but they do   30  (DAC) and
outputted to a CRT, on which they are dis- not convert that gray scale
representation to another  played In the 64-gray scale. type of multi-level
gray scale representation. Also, the  This invention enables the display
data from a display output from a personal computer to a printer  CRT
controller to be displayed, for Instance, on a is a two-level gray scale
output white and black, so  plasma display panel (PDP). At present, a
conven- a gray scale conversion from a multi-level gray scale  35  tional
PDP can display each dot in a 16-gray scale, so to some other multi-level
gray scale is not provided.  it cannot directly display in a 64-gray scale
the data outputted from a CRT controller. Thus, it is necessary Problem to
be Solved by the Invention              to convert it to the 16-gray scale.
Although the CRT can display in the 64-gray It is the objective of this
invention that, when each   40  scale, the CRT controller can use only 16
gray levels of the M gray levels represented by a K-gray scale is  in the
64-gray scale at most. Therefore, if M (M[err]16) converted to one by an
N-gray scale, said conversion  gray levels In the 64 gray scale outputted
from the is made without causing the degeneration of the gray  CRT
controller are converted to ones in the 16-gray levels and in accordance
with the sequence and mag-  scale representation, they can be displayed on
the nitude of the relative brightness.            45   PDP. However, if the
64-gray scale representation are Means for Solving the Problem
converted to 16-gray scale representation on a pro- portional distribution
basis, for example, if they are The present invention is set out in th
claims.  converted to the 16-gray scale representation by ex- 50  tracting
the upper 4 bits of the 64-gray scale repre- Advantage of the Invention
sentation expressed by 6 bits (hereinafter such a con- version is referred
to as a "natural conversion"), the If the condition K>N[err]M is satisfied,
any M gray  degeneration of gray levels can occur in which some levels in a
K-gray scale can easily be converted to  gray levels different each other
in the 64-gray scale ones in an N-gray scale on a one-to-one basis, and  55
representation are represented as the same gray lev- in addition the gray
scale conversion Is obtained in  el in the 16-gray scale representation.
Such degener- which the relative order and magnitude of the bright-  ation
of gray levels is not preferred because the gray ness of those M gray
levels are maintained.        levels originally identifiable become
unidentifiable. 2   



3                  EP 0 360 401 B1                 4 This invention
overcomes the above drawback by  Tuse with a check or "o", completing the
table Tuse. carrying out a gray scale conversion satisfying the  Step 1:
Select one out of the respective elements following three conditions.
entered in the table Tin on which the processes of the (1) The M gray
levels in the K-gray scale, when  following steps 2 - 4 have not been
performed, and converted to ones in the N-gray scale, must cor-   5   carry
out the steps 2 - 4 for the selected element. respond to the M gray levels
in the N-gray scale  When all elements In the Tin have been processed, on a
one-to-one basis. That is, the M gray levels  the second stage Is taken.
must be Identifiable also in the N-gray scale.    Step 2: Make the "natural
conversion" of Vin for (2) The M gray levels In the K-gray scale, when  the
element selected in thestep 1, and define it as val- converted to ones in
the N-gray scale, must main-  10  ue Vj. Vju = Vj is assumed to be the
initial value. tain the relation of the magnitude of the bright-  Step 3:
Examine the contents of a position in the ness in the N-gray scale.
table Tuse whose index is Vju, and if it is blank, enter (3) The relative
brightness of dots in the K-gray  a check "o" and go to step 1. If a check
has already scale must be also kept in the N-gray scale. How-  been entered
in that position, assume that Vju = Vju ever, if it is in conflict with the
conditions (1) and   15  + 1. In that case, if Vju<N, repeat step 3. If
Vju[err]N, go (2), an optimum gray level in the N-gray scale is  to step 4
with an initial value of Vjd = Vj - 1. to be selected.
Step 4: Examine the contents of a position in the A gray scale conversion
apparatus in which this  table Tuse whose index is Vjd, and if it Is blank,
enter invention was incorporated includes a control circuit  a check ( o )
and go to step 1. If a check has already for creating a conversion table as
shown in Fig. 2. This  20  been entered in that position, assume that Vjd =
Vjd conversion apparatus comprises a table Tin for rep-  - 1 and repeat
step 4. Because of M[err]N, the condition resenting any selected M gray
levels in the K-gray  of Vjd<0 never occurs. scale and a table Tout for
representing gray levels In  When the first stage is completed, checks have
the N-gray scale corresponding to those M gray lev-  been entered Into the
table Tuse in the positions cor- els, and it is apparent that any of the M
gray levels in  25  responding to the M indices. the K-gray scale can be
converted to one in the N- gray scale by using these tables.
(c) Second stage The algorithm for making such a conversion table will be
described with reference to the processing ta-  This stage is that in which
the table Tout in Fig. 2 bles shown in Figs. 3a - 3e and the flow charts
shown   30  is completed by selecting the positions in the table in Figs.
4a - 4c.                                 Tuse which have a check entered
and correspond to the respective elements in the table Tin, and entering
(a) Initialisation stage                          the indices corresponding
to the positions into the ta- ble Tout. The input representing any M gray
levels In the K-  35  Step 1: Select from the table Tin an element on gray
scale is Vin, and the output representing the gray  which the processes of
the second stage have not level in the N-gray scale corresponding to the
Vin is  been performed, and execute the following steps 2 - Vout. In this
example, it is assumed that K = 64, N =  4. The second stage will be
completed with the com- 16 and M = 14. In this case, the Vin Is an Integer
in  pletion of the processes of the following steps 2 - 4 on the range of
[0,63] and the Vout is an Integer In the   40  all the elements in the Tin.
range of [0,15], and zero means one having the lowest  Step 2: Determine
where the value Vin of the ele- brightness or black.
ment selected in step 1 is in ascending order of all the Step 1: In
thetable Tin, Mgray levels in the K-gray  elements of the table Tin, and
define it as value J. J scale selected as the Vin, that is, 0, 1, 2, 20,
21, 22,  takes a value in the range of [1, M]. 23, 42, 43, 46, 60, 61, 82
and 63 are entered.  45    Step 3: Assume as Vout is the J-th smallest
Index Step 2: A processing table Tuse as shown in Fig.  of the indices for
which the checks have been entered 3a is prepared and filled with blanks.
The individual  in the table Tuse. positions in the processing table Tuse
are indexed by  Step 4: Enter the Vout obtained in the step 3 in a digits
from 0 to 15.                              position of the table Tout
corresponding to the Vin, Step 3: The contents of the table Tout is made
50  and go to the step 1. blank at first, but the contents will be filled
in and  In this second stage, the elements of the tables completed In the
second step, as described later.  Tin and Tuse are counted up from the
smallest one, but the same result is obtained even if they are count- (b)
First stage                                   ed down from the largest one.
55      The conversion table of Fig. 2 can be created as This stage is that
the relation of the relative mag-  described above. Using this conversion
table, the sig- nitude of the brightness for the M gray levels to be out-
nal Vin representing one of the selected M gray levels putted In the N-gray
scale are entered in the table  in the K-gray scale can be converted to the
signal 3 



EP 0 360 401 B1                 8 Vout representing a gray level in the
N-gray scale.            Vju [err] N, entering a check in the position
Further, in the above described first stage, when          of an index Vjd,
using Vjd=Vj-1 as the the checks have been entered in the table Vuse, they
initial value, If no check has been en- are examined In the ascending order
using Vju as the          tered in said Vjd position. and If a check
initial value and, at the time when N - I is reached,   5     has been
entered in said Vjd position, then the checks are examined in the
descending or-            letting Vjd=Vjd-1, and entering a check der using
Vjd as the initial value. However, even If, to      in the position of said
latter index Vjd; the contrary, the checks are first examined in the de-
and scending order using Vju as the initial value and are       -
performing a "natural conversion" on examined In the ascending order using
Vid = Vj + 1   10       the x bits of each of the other M gray lev- as the
initial value when zero Is reached, it is apparent     els as selected, for
obtaining their gray that a similar result is obtained.
scale values in the N-gray scale and en- Also, it is easy to implement the
gray scale con-          tering checks in the positions in said first
verter practising this invention by means of software         table
according to the indexes deter- according to the above described algorithm,
and it is  15     mined in the above steps; also apparent that this
algorithm can be implemented      * creating a second table by mapping said
by a logical circuit.                                      different M gray
levels, In the gray scale mapped in said first table. correspondingly to
the M gray levels in said K-gray scale and Claims
20           storing said second table: * inputting first image signals to
said stored 1. A method for converting first Image signals, indi-
second table; cative of selected M gray level in a K-gray scale,    * using
said second table to convert an input to second Image signals, indicative
of M levels In      x bit first image signal indicative of an M an N-gray
scale, where K > N [err] M, such that the   25    gray level in said K-gray
scale to an output second Image signals in the gray scale represent
y bit second Image signal indicative of the the relative order and
magnitude of the bright-         corresponding M gray level in said N-gray
nesses of the M gray levels in the K-gray scale to      scale; and
accommodate the output of the second image            * supplying second
image signals output by signals on an N-gray scale display device in re-
30    said second table for output on said N-gray sponse to the input of
the first image signals,         scale display device. comprising the steps
of * creating a first table by mapping  selected M  2. A method as claimed
in claim 1, wherein the step gray levels, each represented by first Image
of creating said second table comprises: signals of x bits, In accordance
with the rel-  35  * selecting said M gray levels in the K-gray ative order
and magnitude of their bright-         scale one at a time; nesses in a
K-gray scale, Into different M       * determining where the value Vin of
the so- gray levels, each represented by y bits in-        lected gray
level is in the ascending order of dicative of Indexed positions In an
N-gray         M gray level values in the K-gray scale, and scale, where K
> N [err] M and x > y;     40           determining its ranking J; wherein
this step comprises:                     * designating the J-th smallest
index of the - providing a set of positions with indexes       indices of
the positions with checks entered to be used for said first table selecting
in said first table, as Vout; and said M gray levels in the K-gray scale
* entering said Vout into a position In said one at a time;
45           second table corresponding to said Vin val- - performing a
"natural conversion" on            ue. the x bits, by subtracting the upper
y bits, of the first gray level selected for  3. A method as in claim 2,
wherein the step of using obtaining its gray scale value Vj in the N-  said
second table comprises: gray scale;                         50           *
comparing the value of a first input signal - entering a check in the
position In said    with the Vin values In said second table and con- first
table of an index Vju, using Vju=Vj   verting a matching x bit Vin signal,
representing as the initial value in said first table, If no  the M gray
level In the K-gray scale, to the match- check has been entered in said
position,   ing y bit Vout signal In said second table, repre- letting
Vju=Vju+1 If a check has been   55   senting the M gray level in the N-gray
scale. entered In said position, and if said latter index Vju<N, entering a
check In the    4. A method as in claim 3 further comprising the 



position of said latter index Vju, and If   steps of 4    5
EP 0 360 401 B1                  6 Vout representing a gray level in the
N-gray scale.            Vju [err] N, entering a check in the position
Further, in the above described first stage, when          of an index Vjd,
using Vjd=Vj-1 as the the checks have been entered in the table Vuse, they
initial value, If no check has been en- are examined in the ascending order
using Vju as the           tered in said Vjd position. and if a check
initial value and, at the time when N -  is reached,   5       has been
entered in said Vjd position, then the checks are examined in the
descending or-            letting Vjd=Vjd-1, and entering a check der using
Vjd as the Initial value. However, even If, to      In the position of said
latter index Vjd; the contrary, the checks are first examined in the de-
and scending order using Vju as the initial value and are        -
performing a "natural conversion" on examined in the ascending order using
Vjd = Vj + 1   10        the x bits of each of the other M gray lev- as the
Initial value when zero Is reached, it is apparent      els as selected,
for obtaining their gray that a similar result is obtained.
scale values in the N-gray scale and en- Also, It Is easy to implement the
gray scale con-           tering checks in the positions In said first
verter practising this Invention by means of software          table
according to the indexes deter- according to the above described algorithm,
and it is  15      mined In the above steps; also apparent that this
algorithm can be Implemented      * creating a second table by mapping said
by a logical circuit.                                       different M
gray levels, In the gray scale mapped in said first table. correspondingly
to the M gray levels In said K-gray scale and Claims
20           storing said second table: * Inputting first Image signals to
said stored 1. A method for converting first image signals, ndi-
second table; cative of selected M gray levels in a K-gray scale,    *
using said second table to convert an Input to second image signals,
Indicative of M levels in       x bit first image signal indicative of an M
an N-gray scale, where K > N [err] M, such that the   25     gray level In
said K-gray scale to an output second image signals in the gray scale
represent         y bit second Image signal indicative of the the relative
order and magnitude of the bright-          corresponding M gray level in
said N-gray nesses of the M gray levels in the K-gray scale to      scale;
and accommodate the output of the second image             * supplying
second image signals output by signals on an N-gray scale display device In
re-  30    said second table for output on said N-gray sponse to the input
of the first Image signals,          scale display device. comprising the
steps of * creating a first table by mapping selected M  2. Amethod as
claimed In claim 1 wherein the step gray levels, each represented byfirst
image    of creating said second table comprises: signals of x bits, In
accordance with the rel-  35  * selecting said M gray levels in the K-gray
ative order and magnitude of their bright-          scale one at a time;
nesses in a K-gray scale, Into different M        * determining where the
value Vin of the se- gray levels, each represented by y bits in-
lected gray level is In the ascending order of dicative of Indexed
positions In an N-gray          M gray level values In the K-gray scale,
and scale, where K > N [err] M and x > y;    40           determining Its
ranking J; wherein this step comprises:                      * designating
the J-th smallest Index of the - providing a set of positions with Indexes
indices of the positions with checks entered to be used for said first
table selecting        In said first table, as Vout; and said M gray levels
In the K-gray scale         * entering said Vout Into a position in said
one at a time;                      45           second table corresponding
to said Vin val- - performing a "natural conversion" on             ue. the
x bits, by subtracting the upper y bits, of the first gray level selected
for  3. A method as in claim 2, wherein the step of using obtaining its
gray scale value Vj in the N-  said second table comprises: gray scale;
50            * comparing the value of a first input signal - entering a
check in the position in said    with the Vin values in said second table
and con- first table of an index Vju, using Vju=Vj   verting a matching x
bit Vin signal, representing as the Initial value In said first table, if
no  the M gray level In the K-gray scale, to the match- check has been
entered in said position,    ing y bit Vout signal in said second table,
repre- letting Vju=Vju+1 if a check has been  55   senting the M gray level
in the N-gray scale. 



entered in said position, and if said latter index Vju<N, entering a check
in the     4. A method as In claim 3 further comprising the position of
said latter index Vju, and if   steps of 4    7                   EP 0 360
401 B1                 8 * supplying said x bit Vin signals, repre-
means to perform a natural conver- senting said M gray levels in the K-gray
scale, to         sion" on the x bits of each of the other a display device
capable of displaying K-gray              M gray levels as selected, for
obtaining scale Images while supplying said y bit Vout sig-          their
gray scale values in the N-gray nals to a display device capable of
displaying N-   5      scale, and, to enter checks in the posi- gray scale
images.                                        tions in said first table
according to the indexes as determined by the foregoing 5. Digital display
apparatus for converting first im-         means; age signals, Indicative
of selected M gray levels     * means for creating a second table by map-
in a K-gray scale, to second image signals, indi-   10   ping said
different M gray levels, in the gray cative of M levels In an N-gray scale,
where K>         scale mapped in said first table, corre- N [err] M, such
that the second image signals in the         spondingly to the M gray
levels in said K- gray scale represent the relative order and mag-
gray scale and storing said second table; nitude of the brightnesses of the
M gray levels In    * means for inputting first image signals to the K-gray
scale to accommodate the output of  15       said stored second table; the
second image signals on an N-gray scale dis-      * means for using said
second table to con- play device in response to the input of the first im-
vert an input x bit first image signal indica- age signals, comprising:
tive of an M gray level In said K-gray scale * means for creating a first
table by mapping        to an output y bit second image signal indi-
selected M gray levels, each represented   20      cative of the
corresponding M gray level in by first image signals of x bits, in accor-
said N-gray scale; and dance  with the relative order and magni-        *
means for supplying second image signals tude of their brightnesses in a
K-gray scale,      output by said second table for output on into different
M gray levels, each represent-      said N-gray scale display device. ed by
y bits Indicative of Indexed positions   25 in an N-gray scale, where K > N
[err] M and    6. An apparatus as claimed in claim 5, wherein the x>y;
means for creating said second table comprises: wherein these means
comprise:                     * means for selecting sald M gray levels in
the - memory means, having a set of posi-             K-gray scale one at a
time; tions with indexes, for receiving values  so   * means for
determining where the value Vin to be entered in said firsttable means for
of the selected gray level is In the ascending selecting said M gray levels
in the K-           order of M gray level values in the K-gray gray scale
one at a time;                        scale, and for determining its
ranking J; - means for perfonning a "natural conver-         * means for
designating the J-th smallest in- sion" on the x bits, by subtracting the
35     dex of the indices of the positions with upper y bits, of
thefirstgraylevel select-        checks entered in said first table, as
Vout; ed for obtaining its gray scale value Vj In     and the N-gray scale;
* means for entering said Vout into a position - means for entering a check
in the posi-         In said second table corresponding to said tion in
said first table of an Index Vju, us-  40  Vin value. ing Vju=Vj as the
Initial value in said first table, if no check has been entered in   7. An
apparatus as claimed in claim 6, wherein the said position,
means for using said second table comprises: - means, If a check has been
entered in            * means for comparing the value of a first said
position, letting Vju =Vju+l, and if  45  Input signal with the Vin values
in said second ta- said latter Index Vju<N, for entering a     ble and
converting a matching x bit Vin signal, check in the position of said
latter index  representing the M gray level in the K-gray scale, Vju,
to the matching y bit Vout signal in said second ta- - means, if said
latter index Vju [err] N, for    ble, representing the M gray level in the
N-gray entering a check in the position of an in-  50  scale. dexVjd, using
Vjd =Vj-1 as the initial val- ue, if no check has been entered in said  8.
An apparatus as claimed in claim 7, furthercom- Vjd position,
prising means for supplying said x bit Vin signals, 



- and means if a check has been entered       representing said M gray
levels in the K-gray in said Vjd position, for letting Vjd=Vjd-  55  scale,
to a display device capable of displaying K- 1 and entering a check In the
position of   gray scale Images while supplying said y bit Vout said latter
index Vjd; and                  signals to a display device capable of
displaying - means for actuating said foregoing          N-gray scale
images. 5    Patentansprbche
deron Graustufenwertb In der N-Grau- stufen-Skala zu erhalten, und
Eintragen 1. Ein Verfahren zur Obersetzung erater Bildsigna-
von Marklerungen an den Positionen In le, die fOr ausgewihite M Graustufon
auf einer K-          der ersten Tabolle gemai den Indizes,
Graustufen-Skala stehen, In zwelt SiOdsignale,   6        die In den obigen
Schritten ermitteitwur- die fOr M Stufen auf elner N-Graustufen-Skala
den; stehen, wobel K > N a M let, so dal3 die zweiten       * Erstellen
alner zwelten Tabeile durch ent- Bildsignale in der Grauwtufenakala die
relative          sprechendes Zuordnen der verschliedenen Relhenfolge und
GrOie der Helilgkeft der M               M Graustufen auf der In der ersten
Tabelle Graustufen suf der K-Graustufen-Skala repra-  fO
zugeordneten Graustufenskala zu den M sentleren, umdieAusgabederzweiten
Bildsigna-             Graustufen auf der K-Graustufen-Skala le auf elnom
N-Graustufen-Anzegegerit ale Re-            und Spelchern der zweiten
Tabelle; aktion auf die Eingabe dir orsten Bildeignale an-      * Eingeben
erster Bildsignaie in die gospei- zupassen, bestahend aus folgenden
Schritten:             cherte zwelte Tabelle; * Erstellen einer ersbtn
Tabelle durch Zuord-  15   i Nutzen der zweltbn Tabelle zur Oberset- nen
ausgewaihitr M Graustufen, jeweils re-          zung elnes erstan
Eingabe-Bildsignals mit prisentiert durch erate BlIdignale mit x
x Bits, des frir sine M-Graustufa auf dir K- Bits, gemal der relativen
Reihanfoige und           Graustufen-Skala steht, In an zwelbts Aus- GrOlB.
ihrer Helllgkeit auf elner K-Graustu-       gabe-Blidaignal mit y Bits, das
fOr die ent- fen-Skala In andere M Graustufen, jewells  20       sprechende
M-Graustufe auf der N-Grau- reprasontbert durch y Bits, die fOr indizierte
stufon-Skals staht; und Positionon auf einer N-Graustufen-Skaia           *
Uefern zwelbtr Blidsignale, die von der stbhen, wobel K> N 2 M und x > y
ist wobel          zweiten Tabelle ausgegeben warden, zur diesir Schritt
urnfalt:                             Ausgabe auf dam N-Graustufen-Anzalge-
- Bereltstallung lner Gruppe von Positio-   26     gerat. nan mit Indizes,
die dazu dient, daB die erste Tabelle Jewells einzeln die M      2. En
Verfahren nach Anspruoh 1, bel dem der Graustufon auf der
K-Graustufen-Skala       Schritt des Erstallens der zwelbtn Tabelle
umfal-t: auswihit,                                      * Auswahlen jewells
alner dir M Graustufen - Durchfflhron oiner "natOrlichen Ober-  30
auf der K-Graustufen-Skala; setzung' mit den x Bite durch Subtrak-
i Feststellen, wo sich der Wart Vein der aus- tion der oberen y Bits der
eraten ausge-         gewihitan Graustufe In der aufetelgenden wihiten
Graustufi,  um   deren                 Relhenfoige derM Graustufenwortb auf
der Graustufenwert VJ auf der N-Graustu-             K-Graustufen-Skala
bifindit, und Festsbel- fen-Skala zu erhabten;              35
Ian seines Ranges J; - Eintragen alner Marklerung an dir Posi-        *
Bezeichnen des J-klelnsbtn Index der Indi- tion sines Index Vju In der
eraten Tabelle       zes dir Positionn mit Markberungon, die In untbr
Verwendung von Vju = Vj ale An-            die erste Tabelle eingetragien
sind, als fangswert in der orsten Tabelie, wenn            Vaus; und kelne
Markierung an dieser Position ain-  40   * Eintragen von Vaus In aine
Position In der getragen wurde, Setzen von Vju - Vju +           zwelten
Tabelle entoprechend dem Vein- 1, wenn. in Marklerung an dlesor Po-
Wort. sition eingstragen wurde, und wonn der .letztere Index Vju < N let,
Eintragen ei-  3. Emn Verfahren nach Anspruch 2, bel dem dir ner Marklerung
an der Position des letz-  45  Schritt des Nutzens der zwelten Tabelle
umfalt: teren Index Vju, und wenn Vju 9 N ist,            * Vergiolchen des
Wertbs sines ersbtn Eintragon olner Marklerung an dir Posi-
Eingabesignals mit den Veln-Werten In dir zwei- tion mines Index VJd unter
Verwendung       tan Tabolle und Obersetzen eines entsprechen- von VJd a \3
- I al Anfangswert, wenn      den Vein-Signals mit x Bits, des die
M-Graustu- keine Markierung an der Position Vjd  50    fe auf der
K-Graustufen-Skala reprisentiert, in eingetragen wurde, und wenn elne Mar-
das enteprechende Vaus-Signal mit y Bits In dir klerung an der Position Vjd
aingetragen     zweiitn Tabell, das die M-Graustufe auf der N- 



wurde, Setzen von VJd = VJd - 1, und        Graustufen-Skala riprlsentiart.
Eintragen alner Markierung an der Posl- tion dis letztbren Index Vjd; und
55   4. En Verfahren nach Anspruch 3, das ferner fol- - Durchfihron dner
"natOrlichen Ober-  .      gende Schritte umfa~t: setzungw mit den x Bits
jeder der ando-           * Lhfern der Veln-Signale mit x Bits, die ran M
Graustufen wie ausgewihit, um         die M Graustufen aui der
K-Graustufen-Skala re-    11           .      eP 0 360 401 B1
12   1        111111 11111 11111 111111 * C   L   M S* prasentleren, an sin
Anzeigogernt, des K-Grau-           - und Mittel zum Setzen von VJd = VJd -
1, dtufen-Bilder darsteilen kann, und zugleich Ue-            wenn esne
Marklerung an der Position fern der Vaus-Signale mit y Bits an sin Anzeige-
VJd singetragen wurde, und EIntragen gerat, des N-Graustufen-Bilder
darstelien kann.            elner Markierung an der Position des 6
letzteren Index VJd; und 5. Ein  digitale Anzelgevorrichtung zur Oberset-
- Mittel zum Betffitgen der obengenann- zung erator Bildsignale, die fir
ausgewahite M              ten Mittel zum Durchfihren elnerunatOr-
Graustufen auf elner K-Graustufen-Skala ste-               lichen
Obersetzung" mit den x Bltsjeder hen, In zweibt Bildsignale, die ffr M
Stufen auf si-       der anderen M Graustufen wie ausge- ner
N-Graustufen-Skala stehen, wobel K > N 2 M   10        wahit, um deren
Graustufenwerte In der lst, so dal die zweiten Bildsignals In der
N-Graustufsn-Skala zu erhalten, und Graustufenskali die relative
Reihenfolge und               zum Eintragen von Marklerungen an Gr511e der
Heliigkeit der M Graustufen auf der K-          den Positionen In der
ersten Tabelle ge- Graustufen-Skala reprisentleren, um die Ausga-
maS den Indizes, die von den obigen be der zweltn Bildsignale auf elnem
N-praustu-  is        Mittein ermitteit wurden; fen-Anzelgegerat ale
Reaktlon auf die Eingabe          * Mitein zum Ersatllen edner zweiten
Tabelle der ersten Blidsignale anzupassen, bestehend             durch
entsprechendes Zuordnen der ver- aus:
schiedenen M Graustufen auf der In der er- Mittein zum Erstellen siner
ersten Tabelle           sten Tabelle zugeordneten Graustufenskala durch
Zuordnen ausgewihiter M Graustufen,  20       zu den M Graustufen auf der
K-Graustufen- jewells reprasentlert durch erate Bildsignale       Skala und
Spelchern der zweiten Tabelle; mit x Bits, geman der relativen Reihenfolge
Mittein zumn Eingeben erster Bildsignale In und Grlge Ihrer
Helligkeltaufeiner K-Grau-         die gespelcherte zwelte Tabelle;
stufen-Skala In andere M Graustufen, Je-           i Mittein zum Nutzen der
zwelten Tabelle zur wells reprasentlert durch y Bits, die fir In-  25
Obersetzung sines ersten Eingabe-Bildsi- dixierte Positionen auf elner
N-Graustufen-         gnabs mit x Bits, das frir dne M-Graustufe Skala
stehen, wobel K > N 2 M und x ' y ist;        auf der K-Graustufen-Skala
stsht, In ein wobel diese Mittel umfassen:                        zweites
Ausgabe-Bildsignal mit y Bits, des - Speichermittel, die ese Gruppe von Po-
fir die entsprechende M-Graustufo auf der sitionen mit Indizes aufweisen,
zur Auf-  30     N-Graustufen-Skala stbht; und nahme von Werten, die In des
erste Ta-         * Mittein zum Liefern zwelter Bildsignale, die
bilienmittel eingetragen werden, umjo-           von der zweiten Tabelle
ausgegeben wor- wells elnzeln die M Graustufen auf der           den, zur
Ausgabe auf dam N-Graustufen- K-Graustufen-Skila auszuwahlen;
AnzelgegerAt. - Mittel zum DurchfOhren elner "natfrIl-  35 chen
Obersetzung" mit den x Bits durch   6. Eine Vorrichtung nach Anspruch 5,
bel der das Subtraktion deroberen y Bits der ersten     Mittel zum
Erstellen der zwelten Tabelie umfaBt: ausgewihlten Graustufe, um  deren
* Mittel zum Auswihilen Jewells einer der M Graustufenwert Vj auf der
N-Graustu-             Graustufen auf der K-Graustufen-Skala; fen-Skala zu
erhalten;              40         * Mittel zum Feststellen, wo sbch der
Wort - Mittel zum Eintragen ehner Marlderung            Vein der
ausgewahitn Graustufe In der an der Position sines Index VJu In der er-
,ufstelgenden   Relhenfoige   der  M sten Tabelle unter Verwendung von Vju
Graustufenwerte auf der K-Graustufen- = Vi als Anfangswert In der ersten
Tabel-        Skala befindet, und zum Feststilen seines le, wenn keine
Marklerung an dieser Po-  45      Ranges J; sition eingetragen wurde;
* Mittel zum Bezelchnen des J-kleinsten In- - Mittel zum Setzen von VJu =
VJu + 1,             dex der Indizes der Positionen mit Markle- wenn sine
Marklerung an dieser Positi-           rungen, die in die ersat Tabelle
eingetragen on eingetragen wurde, und zum Eintra-            sind, als
Vaus; und gen siner Marklerung an der Position   0o      * Mittel zum
Eintragen von Vaus In sine Po- 



des letzteren Index VJu, sofern der letz-        sition In der zwoitln
Tabelle entsprechend tere Index Vju c N let;                          dem
Vein-Wert. - Mittel zum EIntragen einer Marklerung an der Position sines
Index Vjd unter    7. Ene Vorrichtung nach Anspruch 6, bel der das
Verwendung von VJd = 4 - I alj An-  55       Mittel zum Nutzen der zwelten
Tabelle umfalt: fangswert, sofern der letztre Index Vju           * Mittel
zurn Verglelchen des Wertes si- 2 N Ist, wenn kelne Markierung an der
nes ersten Eingabesignals mit den Vein-Werten Position Vid eingstragen
wurde;             In der zwelten Tabelle und Obersetzen eines ent- 7    13
EP 0 360401 e1                   14   I Dliii iBIl  IliI~i H I! sprechenden
Vein-Signales mitx Bits, das die M-             VuO<N, entrer un controle A
la position Graustufe auf der K-Graustufen-Skala reprisen-
dudit dernier index et si Vju9N, entrer tiert, in des enteprechende
Vaus-Signal mit y Bits          un contrOle A la position d'un Index VJd,
In der zweiten Tabelle, das die M-Graustufe auf             utillserVjd =VJ
-1 comma valour initials der N-Graustufen-Skala reprasentiert.       6
8i aucun controls n'a ete entre A ladite position VJd, et si un controle a
ete ontri S. Eine Vorrchtung nach Anspruch 7, die ferner Mit-             A
ladite position VJd, poser VId = VJd - 1 tel zum Liefern derVein-Signals
mit x Bits, die die         et entrer un controle dans la position du- M
Graustufhn auf der K-Graustufen-Skala repri-              dit dernier Index
VJd, et sentleren, an sin Anzelgegerat umfait, das K-   1o        -
effectuerune "conversion naturelleo our Graustufen-Bilder darstellen kann,
wahrend es               lesa x bits de chacun des autres M ni- die
Vaus-Signale mit y Bits an eln Anzeigogerdt             veaux de gris comme
s6lectionno, pour liefert, des N-Graustufen-Bilder dersteilen kann.
obtenir leurs valsurs d'ichelle de gris sur i'echelle A N gris et entror
des 15             contrOles aux positions dans ladits pre- Rovondicatlons
mlere table conformement aux Index de- torminis dens lee etapes ci-dessus,
1. Procede pour convertir des premiers sIgnaux              . crier une
seconds table on falsant corres- d'lmage Indicatife de M niveaux de grs
selectIon-         pondre lesdits M niveaux de grls diffirents nes our une
6chelle A K gri, en second signaux   20      surladits echelle de gris miss
en correspon- d'lmage Indicatifes de M niveaux sur une echelle
dance dans ladite premlere table, en A N grie, ob KN;EM, de sorts que les
seconds el-        correspondence avec lee M niveaux de gris gnaux d'image
sur l'echelle de gris representent         sur ladits echolle a K gris et
memorlser la- I'ordre et amplitude relatife de Ia brillanos des M      dite
seconde table, niveaux de gris sur l'echelle A K gris pour prendre  25
entrer des premiers signaux d'image dans en compte la sortie des seconds
signaux d'lmage          ladite seconds table memorisee, sur un dispositif
d'affichage d'ichelle A N gris en     . utillser ladits seconde table pour
convertir riponse A 'ntre des premiers signaux d'image,            un
premier signal d'lmage d'entree A x bits comprenant les Mapes consistent A:
Indicatif d'un niveau a M gris sur ladite crier une premlere table en
faisant corres-  30      echelle A K grls en un second signal d'ima- pondre
les M niveaux de gris selectionnes,           ge de sortie a y bits
Indicatif du niveau de chacun represente par des premiers al-
M gris correspondent sur ladite echelle A N gnaux d'image de x bits, en
conformite               gris, et avec l'ordrs et l'amplitude relatifs de
leur       . dilivrer les second signaux d'lmage sortis brillance sur une
6cholle a K gris, avec M nl-  35   per ladite seconde table pour sortir sur
ledit veaux de gris differento, chacun represente          dispositif A
echelle A N gris. par y bits Indicatifs des positions indexees sur une
ichelle a N grift o. KHNUM et x>y,  2. Procidi selon Ia revendication 1,
dens loquel dens lequel cette itepe comprend les ope-       I'etape
consistent A crier ladite seconde table rations consistent a:
40       comprend des operations consistent a: - fournir un ensemble de
positions avec           . selectionner lesdits M niveaux de gris un des
index qul doivent etre util1s1s pour          par un sur l'echelle a K
gris, ladite premlere table silectlonnant le-         . determiner lorsque
la valeurVentrie des ni- .dts M niveaux de gris un per un sur
veaux de gris silectionnes est dans Iordre l'echelle A K gris,
45           ascendant des M velours do niveaux de grbs - effectuerune
"conversion naturelle sur            sur 1'ichelle A K gris et determiner
son des- les x bitsi en soustrayant lea y bits de          sement J, poids
fort du premier niveau de gris se-        . disigner le Jb"* petit index
des indices des 



lectionne pour obtenir se valour d'echel-         positIons avec des
controles entres ladite le de gfis Vj sur l'echelle A N gfis,  s0
premiere table comme VO,"| et - entrer un controle A la position dens la-
. entrer ladite valeur V," A une position dite premibre table d'un Index
Vju, utill-        dens ladit seconde table correspondent A se Vju = VJ
comme valour Initials dens            ladite valeur V.,t,. ladite premlere
table si aucun contrdls n'e     entr dens ladits position, sup-  5s   3.
Procede selon la revendlcation 2, dens lequel poser VJu = Vju + I sl un
controle a ete  .  'etape consistent A utillser ladite seconds table entre
dens ladite position et el ledit der-  comprend lee operations consistent
A: nier Index VJu<N, sl ledit dernier Index           . comparer Is valeur
d'un premier signal 8    15                 *EP 0 360 401B1
16   I 1I!I3II 111111 InjI III II III d'entr6e aux valeurs V.,,tr dens
ladite seconds             position. table et convertir un signal V,*tf a x
bits concor-       - un moyen, si un contrOls a 6t6 entr6 a la- dant,
repr6sentant ls niveau a M gis sur ladite             die position, posant
Vju = Vju + 1 et si ochelle A K grls, en signal VOWt. A y bits corres-
leditdernier index VJu<N, pour entrer un pondant dans ladite seconds table,
reprbsentant   6         controls a la position duditdernier index le
niveau a M gris sur l'echelle A N gris.                  Vju, - un moyen,
of ledit dernier index V)u2N, 4. Procede selon la revendicatlon 3
comprenant de               pourentrerun controls Ala position d'un plus
lea Mtapes consistent A:                               Index Vjd, et
utillser Vjd = Vy - 1 comme d6livrer leedits signaux Vft. Ax bits, re-  io
valeur initials sl aucun contrOle n'a bte presentant lesdits M niveaux de
gnis sur l'echelle          entre A ladite position Vjd, A K gris, A un
dispositif d'affichage capable d'af-       - et un moyen ci un controls a
6t6 entre A ficher des Images A echelle A K gris tout en dell-
ladits position Vjd pour poser VJd = VJd vrant lesdits signaux de sortie
V,,w A y bits A un          -1 et entrer un contrOls a la position du-
dispositif d'affichage capable d'dfficherdes Ima-  15       dit dernier
Index Vjd, et ges a echelle A N grs.                                    -
un moyen pour actionner ledit moyen precedent pour effectuer une "conver-
5. Dispositif d'affichage numerique pour convertir              sion
naturelle" sur lea x bits de chacun des premiers signaux d'lmage,
Indicatife des M              des autres M niveaux de gris comme se-
niveaux do gris s6lectionnes sur une dchelle a K   20       lectlonno, pour
obtenir leurs valeurs gris, en seconds signaux d'image Indicatif des
d'6chelle de gris sur 1'6chelle A N gris et M niveaux sur une Achelie A N
gris, ob KONWM,               pour entrer lea contrOies aux positions de
sorts que lea seconds signaux d'image sur                dens ladits
premiere table conforme- I'echelle de gris representent l'ordre et
l'amplitu-        ment aux index comme d6termin6 par le de relatife de la
brillance des M niveaux de gris  25       moyen pr4c6dent, sur l'echelle a
K gris pour prendre en compte la        . un moyen pour cr6er une second.
table en sortie des seconds signauxd'image surun dispo-           faisant
correspondre lesadits M differents sitif d'affichage A 6chelle A N gris en
r6ponse a        niveaux de gris cur l'echelle de gris miss en l'entr6e des
premiers signaux d'image, compre-           correspondence dens ladite
premeire table, nant:                                       30           de
manlere correspondents aux M niveaux un moyen pour cr6er une premlire table
en            de gris sur 1'6chelle a K gris et pour memo- feisant
correspondre les M niveaux de gris          riser ladite seconde table,
s6iectionnes, chacun represente par des            . un moyen pour entrer
lea premiersesignaux premiers signaux d'image de x bits, en
d'image dans dits seconds table m6morl- conformit6 avec l'ordre et
I'amplitude role-  35     s6e, tife do leur brillance cur une 6chelle A K
gris    . un moyen pour utillser ladite seconds table avec des M niveaux de
gris differents, che-          af in de convertir un premier signal d'lmage
cun reprdsente par y bits Indieatifs des po-         d'entr6e A x bits
Indicatif d'un des M nl- sitlons index6es cur une echelle A N gris, ob
veaux de gris cur ladite 6chelle a K gris en K>NaM et xy, dens loquel ces
moyens   40            un second signal d'lmage de sortie A y bits
comprennent:                                        Indicatif du niveau
correspondent parmi lee - un moyen de memoire ayant un ensem-
M niveaux de gris sur ladite 6chelle A N gris, ble de positions avec des
Index pour re-          et cevoir les valours qui doivent etre en-
. un moyen pourd6livrorles seconds signaux tr6es dens ledit premier moyen
de table  45       d'imagesortie par ladite seconds table pour pour
sclectlonner lesdits M niveaux de            sortie surun dispositif
d'affichage A 6chelle 



gris un par un sur i'echelle A K grls,            A N gris. - un moyen pour
effectuer une "conver- son naturelie sur lee x bits, en sous-   6.
Dispositif selon la revendication 5, dans lequel le trayant les y bits de
poids fort du premier  co  moyen  pour cr6er ladite  seconds  table niveau
de gris siectlonne pour obtanir       comprend: as velour d'echelle de gris
Vj cur l'echel-      . un moyen pour selectionner lesdits M ni- le A N
gris,                                      veaux de gris un par un sur
l'Mchele A K - un moyen pour entrer un controle A la             gris,
position dens ladits premlire table d'un    n   . un moyen pour dtobrminer
ob la velour V.,, Index Vju, pour utiliser Vju = VJ comme           t,,^ de
niveau de gris selectlonne eOt dane valeur initials dens ladits premlere
table       I'ordre ascendant des M valeurs de niveaux sl aucun controle
n'a ete ontre A ladite          de gris sur l'echelle A K gris et pour
deter- 9    17                  EP 0 360 401 i1                  18
111111111111111111111111111 miner son classement J, . un moyen pour
d6signerleJm.1 plus petit In- dex des Indices des positions avec des YaV
contrOles entratnant ladite premiere table comme Vgor"j  t
5 . un moyen pour entrer ladite valeur V,,f. a une position dans ladite
seconde table correspondant a ladite valeur V,,,tft. 7. Dispositif selon la
revendication B, dans lequel le  lo moyen pour utillsor ladite seconds
table comprend: . un moyen pour comparer la valeur d'un premier signal
d'entr6e aux valeurs V,&,. dens ladits seconds table et pour convertir un
signal  15 V.dtr, & x bits correspondent, repr6sentant Is ni- veau A M gris
sur ladite 6chele a K gris, au signal V."nE A y bits correspondent dens
ladite seconds table, representant le niveau parmi les M niveaux de gris
sur l 6chelle A N gris.             20 8. Dbspositif selon la revendication
7, oompronant de plus un moyen pour d6llvrer lesdits signaux Veta A x bits,
representant leadits M niveaux de gris sur l6chelle A K gris, A un
dispositif d'afflcha-  25 ge pouvant afficherdes Images A 6challe A K gris
tout en d6llvrant lesdits signaux V,,tj, a y bits A un dlmpositif
d'affichage pouvant afficher des Images A 6cheile A N gris. 30 35 40 46 50
55 10    


