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-~ The present lnvention relates to a display system for converting an
N'bit signal representing 2% gray levels (N beiﬁg an integer larger than
or equal to 2), to an M bit signal representing 2% gray levels (M being

an integer satisfying NMOM>1).

US Patent 5059962 describes a display system comprising a Cathode
Ray Tube (CRT) display device connected to a personal computer via a
digital to analog convertorland a Liquid Crystal Display (LCD) device
connected to the computer via a LCD controller. The two devices can
display different ranges of gray levels..Specifically, the CRT display
device can display 64 gray levels, but the LCD device can display only 16
gray levels. The personal computer supplles a 6 bit signal for each
picture element (pel). The,6 blt s1gnal represents the 64 gray levels of
the CRT dlsplay device. To dlsplay 64 gray levels on the LCD dev1ce, LCD
controller generates four’ 4 blt s1gnals 1n response to each 6 bit signal.
The 4 bit signal represents the 16 ‘gray- levels dlsplayed by one pel of
the LCD device. Four pels of the LCD devide are used to display the four
4 bit signals. Thus, if the picture'supﬁlieahﬁy“the computer. 20 has
320x%200 pels, the CRT display device'displeys a picture having 320x200
pels and the LCD device displays a picture having 640x400 pels.

The aspect ratio of the CRT display device is A:B. The pitch
between adjacent horizontal scenningllines in the CRT display device is
determined by a vertical scanning signal. The scanning signal is

controlled, by values of capacitors, coils, and resistors in a deflection

"-circuit, to repeatedly display the same horizontal pels on two adjacent

4 hbrizental scan lines. In other words, 200 x 2 = 400 horizontal scan

lines are displayed in dimension B of the CRT display device. The spacing

between pels in the LCD device is deterimined during fabrication of the
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device can display 64 gray levels, but the LCD device can display only 16
gray |levels. The personal conputer supplies a 6 bit signal for each
picture elenent (pel). The 6 bit signal represents the 64 gray |evels of
15 ‘the CRT df¥pilaP3dlevi ce. To display 64 gRay |evels on the LCD device,

LCD controller generates four 4 bit signals in response to each 6 bit
si gnal . Jhe 4 bit signal represents the 16 82%% | evel s _di spl ayed by
one pel of <P Ragglt A9 gevexad, @SBefls raEiq (el ¥Dthe i Pedayiceudififers

di splay the &peh th Ri tatSicIRa of ThYSRY displilf RALELYS &&QP e sh0e
conmput er 20 has 28 aSZS&Zd% pel's, -the ORT<ﬁﬁ§%?gy deJ?cgeglsp gygjgylmage
pi cture havi AsEH2GRA0H the LOeleviral it hheoro@Essdypr astaebqledy sertipallyiwath

havi ng 640x4Q0 pels . - .. _1he aspe rati Q. of the CRT display device
12 A'B The BRSETE o th inpae, aisgTied ol by (R 1Rk HAvGe | nes ¢ he
CRT di splagy device is 25 determned by a vertical scanning signal. The

scanning signal is controlled, by values of capacitors, coils, and
resistors in a defRedqdosdance with rthg preseptrinyentintl, ythixepisynowhprovided a

hori _Zont al pSLépl%Q é}}'@:e@«djf&p %@Lverting N bit signals each representing 2 gray

levels to M bit signals each representing 2" gray levels, where N is an
integer larger than or equal to 2 and M is an integer satisfying N>M>1,

40 the system comprising: means for separating each of the N bit sigﬁals
into higher M bits and lower N-M bits; 2™ tables each of which stores a
distinctive set of PxQ modification values satisfying PxQ>2™™; means for
selecting one of the tables as a function of the N-M bits; means for
detecting a difference between a first set of modification values and a

45 second set of ﬁodification vaiues of the selected table; means for
exchanging the first set o% médification values and the second set of
modification values to g;nerate a modified table from the selected table;
means- for adding the M bits of one N bit signal and each of the
modification values of the selected table to generate first set of PxQ M

50 bit signals and for adding the M bits of the next N bit signal and each
of the modification values of the modified table to generate a second set
of PxQ M bit signals; and means for supplying the first and second sets

of M bit signals to a display device having 2™ gray levels.

55 This advantageously permits the addition of pel lines to the
picture displayed on the LCD device to bring the aspect ratio of the LCD
device into line with that of the CRT device without introducing

inconsistent gray levels into the picture.

60 The display device preferably receives the first and second sets of

PxQ M bit signals to display them on Q image lines and the same image as
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hori zontal scan lines. In other words, 200 x 2 = 400 horizontal scan

lines are displayed in dinmension B of the CRT display device. The spacing
30 between pels in the LCD device is determi ned during fabrication of the
2 LCD pan g_ghg:ﬂfneral, the aspect ratio C: D of the LCD device differs
fromthe aspe alio A'B of the CRT displé? device. Cenerally, the inmage
di spl ayed on the LCD device is conpressed or stretched vertically with

rSleJi/lF\J/licRgf tO(3 EI' %"ﬁ?ﬁﬁ'ﬂ%@n& %Sge ﬁlqn%gg%%gb?%gg%}%t glgﬁ/e:d?g;sent i nvention to

aneliorate one or nore di sadvantages of the prior art. According to
one aspect of the present invention there is provided a display system for

converting N bit sYIFfAPS EcRressny, Huention IoRm G 9o EEPeRh cFRere; &5 M b t

signals gs provided a method of converting N bit signals each representing 2¥ gray

levels to M bit signals éach representing 2™ gray levels, where N is an
integer larger than or equal to 2 and M is an integer satisfying N>M>1,
fhe method comprising: separating each of the N bit signals into higher M
bits and lower N-M bits; creating 2¥™ tables each of which stores a

70 distinct set of PxQ modification values satisfying PxQ32¥~™; selecting
one of the tables as a function of the N-M bits; detecting inequality
between a first set of modification values and a second set of
modification values of the selected table; exchanging the first set of
modification values and the second set of modification values to generate

75 a modified table from the selected table; adding the M bits of one N bit
signal and each of the modification values of the selected table to
generate first set of PxQ M bit signals and.adding the M bits of next N
bit signal and each of the modification wvalues of the modified table to
generate a second set of PxQ M bit signals; and supplying the first and

80 second sets of M bit signals to a display device of 2™ gray levels.

Preferred embodiments of the present invention will now be
described with reference to the accompanying drawings in which:
85 Figure 1 is a block diagram of a display system of the present

invention;
Figure 2 is another block diagram of the display system;
Figure 3 shows the number of horizontal and vertical pels and

80 aspect ratio of various display devices;

Figure 4 is a flow chart of an eémbodiment of the present invention.
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répresénti ng 2M gray levels, where Nis an integer larger than or equal to
2 and Mis an integer satisfying N> M 1, said system conprising: neans
for separating each of said N bit signals into higher Mbits and N-M bits;
2N- M t abl es eas$-9aF08i ch stor es a distinctyve set of PXQ nodi fi cati on

val ues satisfying PXQ [err] neans for selecting one of said tables using
said N-M bits; means for detecting unequality between first set of

nodi fication val ues and second set of nodification values of said selected
table; neans for exchanging said first set of nodification values and said
.second set of - nodification values to generate a nodified table of eai d

sel ected togbl € NE@NGuHeRr 520laRg 7 $2b0pdy B!a%éeﬁfs Gerbt&d by Sﬂ@-’"?, el S%fsc'%" |

of the nodification values of said selected table to generate

PXQ M bit si grfilthe pyrpengrinwedtienisaid M bits of next N bit signal and
each of the nodification values of said nodified table to generate second
set of PXQ Mbit signals; and neans for supplying said first and second

sets of Mbit sigpradnird 8 s & SPwvvhey icFeamdthe GibalihéiMebs . the present
Accordi ng to anot her aspect of the present invention there is provided a
nmet hod for c&PXREPRYy N bit signals each, representing 2[err] gray |evels,
to Mbit ;gpgnal s representing

Figure 9 is a pel pattern generated in accordance with the flow

chart shown in Figure 8;

Figure 10 is an example of an alternate table; and
105
Figures 11, 12, 13 and 14 show pel patterns generated by a display

system of the pricr art.

iy

Referring to Figure 2, an example of a conventional display system

110 comprises a CRT display-device. 21 and.an LCD display device 25 both for
displaying data produced by a personal computer 20. The video output of
computer 20 is connected to CRT device 21 -and LCD device 25 through a
digital-analog converter 22 and a LCD controller 23, respectively. CRT.
device 21 displays 64 gray levels and LCD device 25 displays 16 gray

115 1levels. Computer 20 supplies a 6 bit signal for each picture element.
The 6 bit signal represents the 64 gray levels of the CRT display device
25. To display the 64 gray levels on LCD device 25, LCD controller 23
generates four 4 bit signals in response to each 6 bit signal. The 4 bit
signal represents the 16 gray levels displayable by one pel of LCD device

120 25. Four pels of LCD device 25 are used to display the four 4 bit
signals. Thus, referring to Figure 3, if the picture supplied by
computer 20 has 320x200 pels, CRT device 21 displays a picture having
320x200 pels and LCD device 25 displays a picture having has 640x400
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2M gray levels, where Nis an integer |larger than or equal to 2 and Mis an
I nteger satisfying N> M[err] 1, said nethod conprising the steps of:
separating each of said N bit signals into higher Mbits and | ower N-M
bits; creatinggZdfr tabl es each of which ores a distinct set of PXQ
nodi fication values satisfying PXQ [err] s€lecting one of said

tables using said NFNMbits; detecting unequality between first set of

modi fi cation gsakues and second set of nodification values of said selected
tabl e; exchanging said first set of nodification values and said second
set of -nb2f f.ication values to generate a nodified table of said selected

tabl e; adding sai bits f one N n each of the nodification
val ues of said seﬁ% PRGN PeF’tgb'rﬁefr ﬁ’&?‘g& ﬁr sf ge 4, IT‘g’ *BQ M Bi 2-sitgndisand
and addi ng 28 8¢ Mcbi ésnt@b1nex23Nabd laeslaRl Bdee20N iAT (HaCaFOnkhEMedNus

values of said nodified table to generate second set of PXQ Mbit signals;
and suppl yi ng’aggmtd S5pPpPea2 ,ghe contents of which is included herein in full. What

follows is a brief description of controller 23 in operation.
130
It will be assumed for the purpose of description that control
device 12 generates 6 bit gray level signal 101010 (decimal value 42)
which is stored in register 1. Control device 12 then loads the most
significant 4 bits, M bits (1010), of the 6 bit signal into the least
135 significant 4 bit positions 6f register 4 through line 2. The most
significant 2 bit positions of register 4 are always 00. The reason for
concatenating the most significant 2 bits in register 4 will be described
below. Control device'lz, on line 3, supplies the least significant 2
bits, &-M bits, of the 6 bit signal 101010 as an address to select one of
140 Tables 5, 6, 7 and 8. Tables 5, 6, 7, and 8 are known as dither matrices.
The number of tables used is determined by 2¥™™. Thus, 4 tables are
prepared. The least significant 2 bits are represented by x and y in
Figure 1. N is an integer larger than or equal to 2 and M is an integer
satisfying N>M 1. Since x=1 and y=0, Table 7 is selected. Each table
145 stores 4 modification values, PxQ, satisfying PxQ>2"™™. Each set of
modlflcatioq values corresponds to the'4 pels of each one of areas 14A,
14B, 14C, 14D, etc. in LCD device 25. The modification values are
represented in Figure 1 by decimal values, but as O éorresponds to the
binary value 00000 and 1 corresponds to the binary value 00001, these
150 binary values are actually stored in the tables. The modification value
can be any value in the range from +15 to -15. The range +3 to -3 is
however preferred for fidelity. The modification value has 5 bits
representing +15 to -15. A negative value is represented by the

complement of 2. A single most significant bit is concatenated to the 5



second sets of Mbit signals to a display device of 2M gray | evel s.

DESCRI PTI ON OF THE PREFERRED ENMBCODI MENT( S) Preferred enbodi nents of
the present invention will now be described with reference to the
acconpanyi ng dRav@®¥r§s4i n whi ch: Figureel is a block diagramof a

di spl ay system of the present invention; Figure 2 is another block
di agram of the display system Figure 3 shows the nunber of

hor i zont a}5San&iteririomatheydrblefy asplant extensiornf FOVeﬁKla@B!se'deﬁteayhelew ces;
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concatenated to the 00001 by the sign extension. Thus, the input to adder
9 from the table is 000001. Where the modification value in the table
is -1, 11;11 is stored in the table, and 1 is concatenated to the 11111

160 by the sign extension. Thus, 111111 is supplied to adder 9. Since the
input to adder 9 from the tables is 6 bits, the input from register 4 is
also made to be 6 bits. Thus, the 2 most significant bits 00 are

concatenated in register 4.

165 To generate a gray level signal for pel (0,0) of area 14A of LCD
device 25, control device 12 fixst concatenates bit 0 to the upper left
modification value 00000 in Table 7, and supplies 000000 to adder 9.
Next, control device 12 activates adder 9 to add inputs from the tabl@
and registér 4. In other yords, 000000 representing the ﬁpper left

170 modificatipn value 0 in T;hle 7 is added to 001010 (2+M bits) to f
generate 051010. Control device 12 transfers 001010 from adder S to
discrimination device 10. Discrimination device 10 generates a signal on
the output line as a function of the total value received from adder 9.
Device 10 generates a signal corresponding to 15 (binary value 1111) on

175 the output line if the total value is larger than 15, generates 0 (binary
value 0000) on the output line if the total value is less than 0
{negative), gnd-supplies the lower 4 bits of the total value on the
output line if the total value satisfies 15 total value 0. To pérform
the discrimination, the most significant 2 bits of the total wvalue are

180 " tested. When the most significant bit is 1, the total value is negative.
When the most significant 2 bits are 01, the total value is larger than
15, and when the most significant.2 bits are 00, the relation 15 total
value 0 is satiﬁfied. In the case of the upper left modification
value in Table 7, the total wvalue is 001010. Thus, the 4 bits 1010 are

185 supplied to LCD device 25 as the gray level signal for pel (0,0) in area



95 Figures 5, 6 and 7 are pel patterns generated by the display
system of the present invention; Figure 8 is a fl ow
chart of another enbodinent of the present i nvention; 100

Figure 9 is a pel pattern generated in accordance with the flow chart
shown in Fi gaa®-8:-034 Figure 10 s an exanple of an alternate
table; and 105 Figures 11, 12, 13 and 14 show pel patterns
generated by a displ ay stem of the pri.or

S t. . .
Referring tolfRgdy gv2y Web)&fﬂ%? Lo - oY SR 10, 3% HFreirreefiisplayed
at pel (0,0) of device 25.

To generate a gray level signal for pel (1,0) in area 14A of device

190 25,. control device 12 reads the upper right modification value 1 (binary
value 00001) in table 7, converts it to the 6 bits 000001 by the sign
extension, supplies those 6 bits to adder 9, and supplies the & bits
001010 in 2+M register 4 to adder 9. Next, both of these values are

_ added. The total value is 001011 and satisfies 15 total value O.

195 Thus, the bits 1011 are supplied to LCD device 25 as the gray level
signal for pel (1,0) in area 14A. A gray level of 11 (binary value 1011)
is therefore displayed at pel (1,0) of display device 25.

Control device 12 performs the level conversion operation for the
200 second pel (1,0) in pel litie 0 of CRT device 21 in the same manner. The
gray level signals for pels (2,0) and (3,0) in area 14B oflthe LCD
device 25 are generated and- these pels are displayed. Similarly, the
third and subsequent pels in pel line 0 of CRT device 21 can'be
converted, and the two pels in area 14C and the subsequent.areas of LCD
205 device 25 can be displayed. In this manner, the same image can be
displayed on both devices 21 and 25 while the number of gray levels and
nunber of pels of CRT device 21 differs from those of LCD device 25. As

desired, both devices may be operated simultaneously or individually.

210 The gray level signals for pels 6f line 1 of LCD device 25 are
generated in the same manner. Now, however, the lower left modification
value 0 and lower right modification value -1 are used to generate the

gray level signals for pels (0,1) and (1,1) respectively.

215 Referring to Figure 3, the aspect ratio of CRT device 21 is A:B.

The pitch between adjacent horizontal scanning lines on CRT device 21 is
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110 c'o'rrpri ses a CRT display device 21 and an LCD display device 25 both

for di spl ayi ng data produced by a personal conputer 20. The video

out put . of conputer 20 is connected to CRT device 21 and LCD device 25
t hrough a JAGrY103R- anal og converter 22 ared a LCD controller 23,
respectively. CRT device 21 displays 64 gray |levels and LCD device 25

di splays 16 gra 115 | evel s. Conputer 20 supplies a 6 bit signal for each
pi cture el enentdeterminedhip agvertical ggren Figneds cThes sede sdgnak 49 tantobllesd, by
the CRT displa | ; fli s Y, n,.LCD

devi ce 25, LCDXrg gﬁ%{ér% I%arpafétglss' I_gﬁfegrfefgé?ersets? gﬁorq%ﬁ%ia%/ a%%%a gt?ichl rcr“é’stpo e
to each 6 bit gsegesiedl¥htisplhy tthe same hbghmintak[edsesrt Twbhedjhbet Ayrimtas

O PSS S 420 e s SRS, 330,75l B yhEleintle SeRn e Sur e
devi ce 21 01 Spl oy e o B e s ched oD SR TR DS of
di spl ays a pi Cﬁ.@pedqvg}giamj Aasded¢omidl during fabrication of the LCD panel.
' Conventionally, the aspect ratio C:D of ILCD device 25 differs from the
aspect ratio A:B of CRT device 21. Uéually, the picture produced by LCD
225 device 25 is compressed or stretched vertically with respect to the

picture displayed on CRT device 21.

In an example of a display system of the.prgsent.invention, LCD
device 25 has 640 horizontal péls and 480 vertical pels to display a
230 picture of the same aspect ratio as that of CRT device 21 (A:B = E:F).
The pel spacing of the 640X480 pel LCD device is equal to that of the
co?ventional 640x400 pe{ LCD device. To realise A:B = E:F,. one
horizontal picture line is inserted every five horizontal picture lines.
However, if the same picture information as that on the preceding image
235 1line is repeatedly displayed on the inserted line, the conventional gray
level setting algorithm described above can produce visible mismatches

between adjacent lines.

"Figures.-11 to 14 show the effect of the additional lines on the
240 picture. In Figures 11 to 14, the insets are the 2x2 dither matrix tables
5-8 in Figure 1. The leftmost.patterns show pels of the 640X400 LCD
device generated conventionally as deséribed in the aforementioned US
Patent 5059962. The rightmost patterns.sﬁow pels for the 640X480 pel LCD
device generated by inserting additional lines in accordance with the
245 present invention. Although the sﬁm of the value (M bits) and the

modification value of the tables is displayed in each pel of LCD device

25, only the modification values are shown in Figures 11-14, since the
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o i eration. 130 _
follows is a brief dmoenigeai on of controller 239|n op devi ce

.o |
| se of descripti'on that contro \
L nerates o bt Uit th:vgrrgiognal 101010 (deci mal val ue 42) whi ch

12 generates 6 bit gr ] ol
'S Stored in egi st g’rai‘"}%_. h‘bB?lltsP ots %FéW‘GEehYza bb‘?"ﬂaﬂtf’aﬁﬁr&?ﬁtﬂmfiﬁg’ﬁ an3pbleg o
significant 4 bits, 5Mﬁ)l 1 &nd 330&0):!2_ et gs ?lﬁl?‘.ghxbeh %%éer.zlarerﬁlée AHder matrices
significant 4 bizg pgsi hdNFou?l g€ 1S e paciE g by bits X and Y (M-N bits) in

register 1. The human eYe sees each 2x2 dither pel pattern as a single

pel.

Referring to Figures 11 to 14 again, all the leftmost pel patterns
255 appear to the'human eye to be at the same gray level because the sums of
the gray levels in any of the 2x2 matrices in all the leftmost pel
patterns have the same value, Specifically, the sum of the gray levels of
.any 2x2 dot matrix of the leftmost pel pattern in Figure 11 is -2.
Similarly, the sum in Figure 12 is -1, the sum in Figure 13 is 0, and
260 the sum in Figure 14 is +1. However, when a horizontal pel line 2 having
the same pel pattern as that of the Preceding pel line 1 is inserted, as
shown in the rightmost pel patterns of Figures 11 to 14, a line of the
picture of a different gray level to the remaining portion is observed
by the human eye in Figures 12 to 14.
265
Referring to Figure 11, the sums of gray levels of pairs of pel
lines 0 and 1, 1 ana 2, 2 and 3, and 3-and 4 of ‘the rightmost pel
patterns are equal to the value -8. In other words, all the sums are
equal to each other. Thus, the rightmost rel pattern with added pel line
270 2 appears to the human eye to be a smooth gray scale picture. The sums of
the gray levels of Pel lines 1 and 2 in Figures 12 to 14 differ from the
sums of the pel lines 0 and 1,.2.and 3, 3 ang 4. Thus, pel lines 1 and 2
appear to the human eye as a line of the picture of a different gray
level to the remaining portion. The quality of the displayed picture is
275 thus degraded. -

With reference to Figure 4, to remove the degradation in accordance

with the present invention, starting at pel position (0,0), control



significant 2 bit positions of register 4 are always 00. The reason for
concatenating the nost significant 2 bits in register 4 will be described
bel ow. Control device 12, on line 3, supplies the |east significant 2
bits, NNMbits, of the 6 bit signal 101010 as an address to sel ect one of
140 .Tables 5, 6, ﬁg % . Tables 5, 6, 7, and 8 are known as dither

T

matrices. of tables used is'®eternined by 2[err]. Thus, 4
tables are prepared. The |least significant- 2 bits are represented by
x and y in Begite a2 Iresdtsi ﬁegaitei:flhegﬁm | Rlco@ited la'anyo:rouﬁquads atnaYZ and M
I's an i nteger f N>M 1. ce_ X = TbI'e?

sel ect ed. @ﬁotaﬁlfn%g ﬁ ey SFEreEs "ith RagE se]tn%\‘fg u‘é'é’ © % V& ce 513 ng

PxQ[err]. Each sewtifizes an odfhmimm @aﬁqrmnvtabmgsr@m P®s paiits p@@etthe 4 pels
of each one of ar @Eﬁr&i%@‘ 36 and a cgnﬁgrln%%rmﬁé% l?etcgusel in‘tgg qgé@ %r:%gnta-[he

modi fication values are represented in Flggre 1&{% deci mal~ val ues,
but as 0 correspohtfestasetifgerted intq)the pictyre digp device 2Pedhdfids to

t he binary val ue Qg8hRds, tdresr plﬂ:ﬁ&; dF £ ol YeWite Sestt BtddH, Uiklat enstsasied i n

the tables. ngs rrggt_:}nfa s ?ctucl (a)ﬂ ]\;/gl.ls on lines 0 and.1 of CRT device 21 is 101010.

Operation A
At block 41, control device 12 stores the 6 bit signal 101010 for

pel position {0,0) of CRT device 21 in register 1, and, in block 42,

290 control device 12 selects one of the dither tables, table 7. At block 43,
any requirement for the addition of a horizontal line such as line 2 of
the rightmost pel pattern in Fidure 5 is determined. If not, operation

.. proceeds to block 47. If_ so, as in the example case, operation proceeds
to block 44. At block 44, comparing circuit 31 compares the sum, +1 in

295 this case, -of the upperia values of dither table 7 with the sum, -1 in

' this case, of the lower 2 values of table 7. If the sums are equal,
operation proceeds to block 47. If the sums are not equal, as in this
case, then operation proceeds to block 45. At block 45, odd column
discrimination circuit 29 determines whether the 6 bit signal is used for

300 an odd column pel of CRT display device 21. If so, operation proceeds to
block 46. If pot, as in this case, then operation proceeds to block 47.
At block 47, adder 9 and discrimination device 10 generate, in the manner
hereinbefore described, the gray levels, such as 0 and +1, of the upper
two pels (on pel line 0) in area 14A of the rightmost pel pattern in

305 Figure 5.

Operation B
Next, the gray levels of the upper two pels of area 14B on pel

line 0 of the rightmost pel pattern in Figure 5 are generated. X counter



’ ‘ i -15. The range +3 to -3 is
be any value in the range from+15 to _ _
rclg\r/]vever p?/eferred for fidelity. The nodification value has 5 ﬁlts
representing +15 to -15. A negative value is represented by the

' ignificant bit is concatenated to the S
gzgpginggi of 2. Asingle most sig 6 155 bits fromthe table by a sign

i fi [ 1, 00001 is
' exanplsgg- e the nodi fication value is +
gﬁ)(ragzl ?2 t Egrtabl rerpeiﬁ?j 9\8&1?2 concat enat ed® o the 00001 by tgglm %ere
extension. Thus, the input to adder 9 fromthe table is 000
the modification X%l 3@ isrpdvereed 4b|le Thereford,Scontrolldebide 15 s6drf @Fk bbit M8 gnal

i on.
table, and 1 is concabiaie@del Lﬂﬁor;l'éi'la)% l%ﬁr%glslgzrthe }}gn ex';%gg?r e gim

to ad
Thus, 11111|13I SGSEPFQ esgh“é’g?%pﬁfi PrEthieogroseeds th block 43 from which the response

is Y¥YES. At block 44, the sum, +1, of the upper two values in table 7 are

the tabl es

compared to the sum, -1, of the lower two values in table 7. Becausé the
315 repone from block 44 is NO, operation proceeds to block 45. At block 45,
0dd column discrimination circuit 29 determines whether the 6 bit signal
is being used for an odd or an even column of CRT device 21. Since pel
position (1,0) is an odd column, the response from block- 45 is YES.
Specifically, odd column discrimination circuit 29 generates an output
320 signal for act:.vat:l.ng an-exchange circuit 32. Operation proceeds to block
46. At Block 46, the upper two values 0 and +1 of table 7 are exchanged
with the lower two values O aJnd -1, as shown in table 7A of Figure 5.
Operation proceeds to block 47. In block 47, gray levels 0 and -1 of the
upper two pels (on line 0) in area 14B of the rightmost pattern of Figure *
325 5 are generated. o

Operation C

To generate the gray level signals of the’ upper two pels of area
14C of the rightmost.pattern in Figure 5, X counter 27 is advanced to 2,
330 and control device 12 stores the 6 bit signal 101010 of Pel position
(2,0) of CRT device 21 in register 1. a similar operation to Operation A
is then performed. However, in this case, the repone of block 45 is NO.
Therefore, the exchange of the values of table 7 in block 46 is not
performed. Thus, the gray level .signals O and +1 for the upper two pels

335 of area 14C are generated.

Operation D

To generate the gray level signals of the upper two pels of area
14D of the rightmost pattern in Figure 5, X counter 27 is advanced to 3,
340 and control device 12 stores the 6 bit signal 101010 of pel position



al'so made to be 6 bits. Thus, the 2 nost significant bits 00 are

I n register 4. 165 To generate a gray level signal
?gpcgéﬁn?g?g) of a?ea 14A of LCD device 25, control device 12 first
concatenates bit 0 to the upper left nodi fi cation value 00000 in
Table 7, and suppl i es 000000 to adder -9. Next, control device 12
activates adder 9 tme-agdssnputs fromthe tabl and register 4. In
ot her words, 000000 representing the upper left 170 nodification value 0
in Table 7 is addeg to 001010 (2+M bits) to generate 001010. Control
device 12 transfer @Slﬁl‘é‘rf?ﬁ?h‘feaaﬂé’f‘ rggisger 1. A sigile rdppianidn tnoplewiier 5LO.

Di scrimnation deviise&hd) ep@mad.clowave, gﬁa{hlgrlzase, the Eeﬁﬁongé'toﬁlﬁloélé 859 25 a

function of the t I er celvdfromadder ) Devi ce
generates a signal Q}t&%rir‘h\ég%oondl ng T5 18 (i YPSF %Fﬁ@e P13 Plask 461385  t he

output line if thererferedy Fhuse the dray gewrelthamua afeFE e €% GbpePitidb¥is
val ue 0000) onzidePuiduteal {Carel ge'i:E&eatLé)t al value is less than O

In this manner, the 6 bit signals of pel line 0 for CRT device 21
supplied from computer 20 are seqﬁentially stored in register 1 and
sequentially processed by the algorithm illustrated in Figure-4 to

350 generate the gray level signals for pels on pel line 0 of LCD device 25.
The gray levgl signals are supplied to data driver 38 of - LCD device 25
for displayiﬁg the picture é6n line 0.
v
The gray level signals for pels of line 1 of LCD device 25 are now
355 generated. Since the 6 bit signals for pels on line O of CRT device 21
are used to generate thg gray level signals for pels on both lines O and
1 of LCD device 25, the above-mentioned 6 bit signals for pel line 0 of
CRT device 21 are again sequehtially processed by the algorithm of Figure
4. However, the lower two values of tables 7 and 7A are used to generate
360 the gray level signals of pels of line 1 of LCD device 25. In other
words, the lower two values O and -1 of table 7 are used for even areas
14A and 14C, and the lower two values O and +1 of table 7A are used for
odd areas 14B and 14D.

365 Line 2 is now added after line 1 of the rightmost pattern of Figure
5. When the gray scale signal of a pel on line 1 of LCD device 25 is
supplied from data driver 38 to pels of LCD device 25, gate lines 1 and
2 are simultaneously activated by a gate driver 39. Y counter 35, a line
pattern generator 36 and a comparing circuit. 37 insert the line. Y

370 counter 35 is initially reset to 0, and then incremented by control

device 12. Control device 12 initially stores 1, 6, 11,... in line



(HegatiVe), and supplies the lower 4 bits of the total value on the

output line if the total value satisfies 15 total val ue 0. To perform
the discrimnation, the nost significant 2 bits of the total value are 180
tested. When the nost significant bit is 1, the total value is negative.
When the nost soapygfdoseant 2 bits are 01, tfe total value is larger than

15, and when the nost significant 2 bits are 00, the relation 15 t ot al

val ue O is satisfied. In the case of 't upper left nodifjcation

value in Table ??tscfﬂneg?“gf% T ValIGet %écaﬁﬁfﬁ‘ig.?“fh%gf’r h °E'Af‘ BFt §°t0'fo are 185
suppl ied to LCDadfedi Cempabingscirtdt gi7agemparee|the ivglvel inf Yrcopekr 39 w@h ke ar ea
JA9-91-034 value in line pattern genera{or 36, If b&ﬁ’%&l\és%@yeqlagl\feémg:iégo (i.e.

bi nary value 1010) is therefore di splayed
375 circuit 37 supplies a signal to gate driver 39. Gate driver 39

sequentially activates the gate lines in synchronism with Y counter 35
when the signal is not supplied from comparing circuit 37. When gate
driver 39 is about to activate line 1, and the signal is supplied from
comparing circuit 37, gate driver 39 responds by simultaneously

380 activating both lines 1 and 2. The same pel sequence as that on line 1 is
thus simu;taneously displayed on line 2. The gray level signa}s for lines

3 and 4 of LCD device 25 are now_generated in the same manner.

Referring to Figure 5, in the rightmost pattern, the‘2x2- dither
385 pel groups.of the picture appear to the human eye as single pels. The
sums of gray levels of pairs of lines 0 and 1, 1 and' 2, 2 and 3, and: 3
and 4 are the same. Specifically, all the sum; are eqﬁal to 0. By
contrast, in Figure 13, wheyre table 7 alone isiused, the sum of the ;ray
" levels of lines 1 ané 2, -8, differs from the other sums, 0. Lines 1 and
390 2 including plural 2x2 dither pels therefore appear to have a different
gray level.

The dot patterns generated in accordance with the present invention
via tables 6 and 8 are shown in the rightmost dot patterné in Figures 6
3395 and 7. The sums, -4 and +4, of the gray levels of lines 1 and 2 of the
rightmost patterns in Figures 6 and 7 are equal to the sums of the
remaining two lines. By contrast, the sums, -8 and 0, of the gray levels
of lines 1 and 2 in Figures 12 and 14 generated conventionally differ
from other sums.
400
The same problem as that raised by inserting horizontal lines is

also raised by inserting vertical columns. Although a Figure illustrating



at pel (0,0) of device 25. To generate a gray |evel signa
for pel (1,0) in area 14A of device 190 25, control device 12 reads the
upper right nodification value 1 (binary val ue 00001) in table 7,
converts it to the 6 bits 000001 by the sign extensi on, supplies
those 6 bits to adder 9, and supplies the 6 bits 001010 in 2+M
register 4 to adder 9. Next, both of these values are added. The
total value is 00¥BX21HAH satisfies 15 tot¥l value 0. 195 Thus, the
bits 1011 are supplied to LCD device 25 as the gray | evel signal for

pel (1,0) in ar eaf_é '?.\nseet anéf wLe%\{ftJal Q:leﬁnills (ipl Qﬁéﬂdéﬁafﬂéﬁ the bdjachea is

therefore displayed at pe spl ay_devi

Control device 123p¢nrsy n‘é‘etR’Féblleé\)'@Fl Bﬁ m?%ﬁ%? (‘}Hdeéf)té’f’%tb?’ T FiLHE 1By
second pel (1,83 iabt BglrekdrameeOtOf Fl@EEsdﬂ\/tdI @4 2 ftefeining te Rigure Syatircpresahfte

gray. |l evel signals for els 0 L&D
device 25 are genéP‘éﬁ“‘é’c? %"ﬁ%%‘e pe rgg‘édﬁa nd?égf)l aeg“gééﬁglmé?lﬁﬁ t he

different gray level to that of the remaining picture. The algor:.thm
shown in Figure 8 is similar to that shown in Figure 4, except that block
.63 determines whether vertical pel columns should be inserted to expand,

410 for example, 640 horizontal pels to 980 pels, block 64 determines
whether the sum of the left two values in the dither matrix is equal to
the sum of the right two values, block 65 determines whether the 6 bit
sigfxal is being used for an odd line of CRT device 21, and block 66
exchanges the left two valueé and the right two values to generate a

415 modified table, such as table 63 in Figure 9. Therefore, comparing
circuit 31 compares the sum of the left two values of the table with the
right two values. Exchange circuit 32 exchanges the left two values and

the right two values.

420 . Control device. 12 initially resets registers 1 and 4, X counter 217,
Y counter 28, X counter 33. Control device 12 operates odd line
discrimination circuit 30, a column pattern generator 34 and a comparing

circuit 40 because, in this case, pel columns are inserted.

425 The lower pattern in Figure 9 shows a pel column 2 being added. In
Figure 9, table 6 is used. Column 2 has the same pels as column 1. The
addition of column 2 after column 1 is performed by X counter 33, column
pattern generator 34 and comparing cirecunit 40. When the gray scale signal
for column 1 is supplied to data drivér- 38, the gray scale signal for

~ 430 column 1 is copied into the next column 2 so that the same gray scale
pels as those of column 1 are displayed in column 2 of LCD device 25. To
perform the insertion, control device 12 initially stores value 1

corresponding to column 1 in column pattern generator 34. X counter 33 is



third and subsequent pels in pel line O of CRT device 21 can be

converted, and the two pels in area 14C and the subsequent areas of LCD
205 device 25 can be displayed. In this manner, the sane i mage can be

di spl ayed on both devices 21 and 25 while the nunber of gray |levels and
nunber of pels of CRT device 21 differs fromthose of LCD device 25. As
desired, both devices nag be operated sinmultaneously or individually. 210
The gray |evel sigf 8P pels of Iine 1 of ¥CD device 25 are

generated in the sane manner. Now, however, the lower |eft nodification

val ueI 0 alnd ! owelr E&fﬁhéeanilldﬁfoi)t‘oiljﬂ en O:ix\;al Ue-.- dompdr@ng! S QEtui® 40 @BEaAIsELHeh e
gray level signals for pels , ). and (1, 1) respectively., 215

Referring to Fitgur &3 Phd & tfs'ec‘ft33r'?Jlftt?‘otji"ﬁf‘)?’EI’—‘?T”(E;5‘\’/{|uf:mép él(telmé gRIeEptor 34 angy
pitch between adj aesplicaos stgnal ab dstadnivey 38| whes both GRYegiexs emal,] whegeby

the same gray level pels as those in column 1 are displayed in column 2.

Briefly describing the generation of the lower pattern in Figure 9
440 using the algorithm shown in Figure 8, the gray level signals of line O
and 1 are. generated, and column 2 is added. For the processing of lines 0
and 1, table 6 is used because block 65 responds -with the answer WO.
Specificaliy., .0odd line discrimination circuit 30 doe.s not supply the
activation -signal to exchange circuit 32+ When the 6 bit signals on line
445 1 of CRT device 21 are processed, odd line discrimination circuit 30
activates exchange circuit 32 ip block 65, and exchange circuit 32
exchanges the right side value O and -1 and the left side values 0 and 0
of table 6 in block 66 to produce table 6A. The gray levels on linés 2
and 3 of LCD device 25 .are thus displayed, -as.shown in the lower p::-lttern
450 of Figure 9. The operation is repeated to generate the gray Iscale 'signals

of lines 4 to 7 of the lower pattern in Figure 9.

The resultant lower pattern in Figure 9 shows that the sum, -2, of
the gray levels of columns 1 and 2 including plural 2x2 dither pel groups
455 is equal to the other sums of the gray levels of columns 0 and 1, columns
2 and 3, and columns 3 and 4. Therefore, in accordance with the present
invention, column 1 and 2 does not appear to the human eye to be at a

different gray level to the remainder of the picture.

460 In the embodiments of the present invention hereinbefore described,
the tables each included 2x2 matrices. However, it will be appreciated
that any tables of PxQ modification values satisfying PxQ>2™ ™ can be
used. For example, a table inclgding a 3x3 matrix is shown in Figure 10.

To perform the exchange of values in the table in block 46, the values in



JA9-91- 034 - 8 determ ned by a vertical scan
signal. The scan signal is controlled, by val ues of capacitors,
coils, and resistors in a deflection circuit, to repeat edly display

t he sane horizontal pels on two adjacent horizontal 220 scan lines. In

ot her words, 200 x 2 = 400 horizontal scan lines are di splayed in

di mensi on B of CRA2d®fce 21. The spaci ng Petween pels of LCD devi ce
25 is determ ned during fabrication of the LCD panel. Conventional ly,

the aspect r@bi Qikeslh,0f &R deviie s3bnldi Lifilned (OLIDE s ratio
A: B of CRT devi Q(; 21. Usual | t he pi cturg if)mr%%ducg)él b eL%faBle ‘23%'595 ié‘\’/"fnce 25

is conpressed or" g’??‘@“?c’f?éd“vé’f‘?‘&‘aﬁeyewwe radedk 6&-othenerlues in cojumny)r e

di spl ayed on CRRE, ceandce il ltable 83 -are exchangedl #® sneX@rphe @f. a di splay system
of the present invention, LCD devi ce 25 has 640 horizontal pels and

480 vertical pels to display a
As described hereinbefore, the present invention prevents the

470 appearance of pel lines of different gray level through the insertion of
horizontal pel lines or columns to the picture displayed on an LCD
device. In accordance with the present invention, this is achieved by
determining whether or not to shift conipensation values in a dither
matrix table depending on whe{:her or not a corresponding pel line is to

475 be inserted.



230 picture of the sanme aspect ratio as that of CRT device 21 (AAB = EF).
The pel spacing of the 640X480 pel LCD device is equal to that of the
conventional 640x400 pel LCD device. To realise AB=EF,—6he— - .
hori zontal picture line is inserted every five horizontal pirgiwhre_ | ines. T
However, if the sane picture information as that on the precz H
] I
airhl

235 line is repead-etHoga di spl ayed on the ingerted line, the

gray | evel setting al gorithm described above can produ

m smat ches bet ween adj acent i nes. Figures-11 to 14 show
the-effect of the additional lines on th&*#80 picture. In Figures 11 to
14, 'the insets are the 2x2 dither matrix tables 5-8 in Figure 1. The

| ef t most patternsg_ shaw Q. L device_generat ed,.
conventionally as’ degl‘c??s%g% ?%St%ﬂgmg?%ég%éﬁ? ig([)}?l%dsi@?ls sach, 'f%feesr?f‘t”gﬁ 962.
The right nost pa®rayr ealsRevelpelts ¥ bit $igpalg/Exi8@nting 21 @@ay levels,dwheire &t

generated by 4pis s tah At &dd i k@R Ahah ioh ESubiN t AGCHRUARE Gn Wint Lol REr1sPARg PT €SENE
i nvention. At hough the sum of the value (Mbits) and the
1, the system comprising:

means (1) for separating each of the N bit signals into higher
order M bits and N-M bits;
2%~ tables {5,6,7,8) each storing a distinctive set of PxQ
485 modification values satisfying PxQ>2¥~™;
means (12) for selecting one of the tables as a function of the N-M
bits;
means (31) for detecting a difference between a first set of
modification values and a second ;et of modification values of the
490 selected table;
means (32) for exchgnging the first set of mo@ification values and
the second set of modification values to generate a!modified table from
the selected table;
. means (9) for adding the M bits of one N bit signal and each of the
495 modification values of the selected table to generate a first set of PxQ
M bit signals, and for adding the M bits of next N bit signal and each of
the modification values of the modified table to generate a second set of
PxQ M bit signals; and
means (10) for supplying the first and second sets of M bit signals

500 to a display device having 2 gray levels.

2. A display system as claimed in Claim 1, wherein the display device
receives the first and second sets of PxQ M bit signals to display them
on Q image lines and the same image as that of the Qth image line on one

505 additional line.

L



rm’dific.ation value of the tables is displayed in each pel of LCD device
25, only the nodification values are shown in Figures 11-14, since the
JA9-91- 034 9 value (M pels) is
effectively a constant. Referring to Figure 1, Tables  This Sheet HasBeenRepld

cednd
8 of 2x2 pels, as mentioned earlier, are the dither ;ratrl ”lmf ”Ig ut he
four gray Ievels speC|f|ed by bits X and Y (MN bits) in er
1. The human eye sdRLOLREH 2x2 dit her pel pat¥ern as a sing
Referring to Figures 11 to 14 again, all the |eftnost pel patterns 255
appear to the hunman. eyen aosphey afscédigs S8R0 AVE! RREAUER FEL-SLTEe OF
Jmodification values in the table are P modification values arranged in

first horizontal line in the table, and the second set of modification

510 values in the table are P modification values arranged in second

horizontal line in the table.

4. A display system as claimed in Claim 1, wherein the first set of

modification values in the table are Q modification values arranged in
515 first vertical column in the table, and the second set of modification

values in the table are Q modification values arranged in second vertical

line in the table.

5. A method.for converting N,bit signals each representing 2% gray

520 1levels, to M bit signals representing 2 gray levels, where N is an
integer lérger than or equal to 2 and M is an integer satisfying M1,

the metho? comprising: -

i sepérating each of the N bit signals into higher M bits and lower
N-M bits;
525 creating 2" tables each storing a distinct set of PxQ
modification values satisfying PxQ> 2¥°™;
selecting one of the tables as a function of the N-M bits:
detecting inequality between a first set of modification values and
a second set of modification values of the selected table;

530 éxchanging the first set of modification values and the second set
of modification values to generate a modified table of the selected
table;

~ adding the M bits of one N bit signal and each of the modification
values of the selected table to generate a first set of PxQ M bit signals

535 and adding the M bits of next N bit signal and each of the modification
values of the modified table to generate a second set of PxQ M bit

signals; and

HII\||\ \\\I\\ L1 \\l\l \\ \lI\
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t he gra{y | evel s in any of the 2x2 matrices in all the |eftnost pel

patterns have the sane value. Specifically, the sumof the—graylevels of

any 2x2 dot matrix of the leftnost pel pattern in Figure 11ﬂi§iﬁ§

Sinmilarly, the sumin Figure 12 is -1, the sumin Figure 13| Has Beer ced
the sumin Figure 14 is +1. However, when a horizontal pel Iiﬂ E!l H ,
the sanme pel pattern as that of, the preceding pel line 1 is ( I
shown in the rigf¥BEP3bel patterns of FigdPes 11 to 14, a line of the
picture of a different gray level to the remaining portion is observed

by the human eye in FRughyes & £:2std4na se@Ra sets of # bit sigi2af &6rd ALk L4 Figure
.11, the suns of | evel s_of pairs of pel lines 0 and 1, fand 2, 2

ra ,
and 3, and 3 andgﬂ”?hf“ﬁ@grzi frehogT pel patterns are equal to the
value -8. In;ed her words, all the sunms are equal to each other.

Thus, the rightnpst pel..pai E?rcﬂaﬂiai By .Q:qgﬁxds,p&%eﬁunn&ezgig fayaé%%c%rﬁecggzeg he
human eye to be a snmooth gray scale picture. & suns of the gray
| evel s of pel |iBeestirshfgd Fe¢and metrirEP=Q M big signalsftocdispleghpmen Q image syuns

of the pel |inesjfheantakne sdne iR 23, thdt JB Gt - 1mdd2Ubine R onki 4385t 1dnaNd 2
appear to the hu&rﬁg eye as a line of the picture of a different gray

545
7. A method as claimed in Claim 5, wherein the first set of
modification values in the table are P modification values arranged in
first horizontal line in the table, and the second set of modification
values in the ta.ble are P modification values arranged in second

$50 horizontal line in the table. »
8. A method as claimed in Claim 5, whereih the first set of
modification values in the table are Q modif'ication values arranged in
first vertical column in the table, and the !second set of wmodification

555 wvalues in the table are Q -modification values arranged in second vertical

column in the table.

*x € L M 5 %



Ié;éltfb the remaining portion. The quality of the displayed picture is 275
t hus degr aded. Wth reference to Figure 4, to rempve the
degradation i n accordance with the present invention, starting at pel

position (0,0), control JA9-91- 034

10 L device 12 resets registers 1 and 4, X counter 27, Y counter 28
and Y 280 countﬁb_?§034n accor dance mﬁth thg present ipvenplon, control
device 12 util1zes an odd col um diséPinination circuit 29, a line
pattern generator 36 and a conparing circuit 37 because, in this
case, horizontal - | ines are insertedssrRice t he picture displayed on LCD

device 25. It is

560 A display-system for converting N bit signals each representing 2%
gray scale levels, to M bit signals representing 2* gray levels (where N
is an integer larger than or equal to 2 and M is an integer satisfying
N>M21)'comprises a regisﬁer (1) for separating each of the N bit signals
into higher order M bits and N-M bits. 2¥™ tables (5,6,7,8) each store

-565 a distinctive set of PxQ modification values satisfying PxQ>2™™, a
control device (12) selects one of the tables as a function of the N-M
bits. A comparator (31) detects a difference between a first set of
modification values and a second set of.modificafion values of the
.selected table. An exchanger (32) exchanges the first set of modification

570 values and the second set of modigicaéfon values to genérate a modified
table from the éelected table. An adder (9) adds the M bits of one N bit
signal and each of the modification Qalues'qf the_selected table’ to
generate a first éet of PxQ M bit s;gnals, and;adds the M bits of next N
bit signal and each of the modificaéion values of the modified t;ble to

575 generate a second set of PxQ M bit signals.. The first and second sets of
M bit signals are then supplied to a display device having 2™ gray
levels. This permits the addition of pel lines to the picture displayed
on the LCD devicg to bring the aspect ratio of the LCD device into line
with that of a CRT device without introducing inconsistent gray levels

588 into the picture.

s85’

I —————

ef Has Been Reiléced :

T



-

as?‘ﬁ"rﬁa’ for the purpose of the follow ng description, that the 6 bit 285
signals for all pels on lines 0 and 1 of CRT device 21 is 101010.

Qperation A At bl ock 41, control device 12 stores the 6 bit
signal 101010 for pel “position (0,0) of CRT device 21 in register 1,
and, in block 42, 290 control device 13 ects one of the dither tables,
table 7. At bl ock 43, any requirenent for the addition of a
hori zontal |ine such as |ine 2 of the rightnost pel pattern in Figure
5 is determned. |If not, operation proceeds to block 47. If so, as in
t he exanpl e case, operation proceeds to block 44. At Dbl ock. 44,
conparing ci rcuihLL__ f,l conpajes the sum +1 in 295 this case, of the upper
2 val ues of ditheér t@ble?_vviththe sum -1 in this case, of the
| ower 2 values of table 7. If the suns are equal gperation proceeds
to block 47. If the sunggare not equal, a7 xtdolsTER Iymm @B
operation proceedi t o brock 45._ At bl ock 45} eeg—~eetu -
- discrimnation euid 39 4det_,e;r R¥Hes whether they6 bit si gnél is used for -
0 4 oob coLt | | oo LvE |
1 v2  29-IDISRIMIMTION} |DISCRIMINATION}- 30
Y| ! T 1ag CIRCUIT CIRCUIT
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300 an ‘odd col urm pel of CRT display device 21. If so, operation proceeds
then operation proceeds to

to
bl ock 47.
in the manner
+1,
ri ght nost pel
Next ,

of the rightnost pel

bl ock 46.
At bl ock 47,

of the upper

I f not,

as in this case,

adder 9 and discrimnation device 10 generate,

herei nbefore described, the gray levels, such as 0 and

pattern in

two pels (on pel
305 Figure 5.
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|4 0)

2[¥b Qperation B

the gray levels of the upper two pels of area 14B on pel
pattern in Figure 5 are generated. X counter

CRT DISPLAY
DEVICE
GZMJWNH&

LCD DEVICE
(640x480DOTS)

25

82

line O



JAD- 91-034
Therefore, control
position (1, 0)

in register

11

310 27 is advanced to 1.
device 12 stores the 6 bit signa
1. At block 42, dither table 7

101010 of pel

is

sel ected, and operation proceeds to block 43 fromwhich the response

is YES. At bl ock 44,
conpared to the sum

45,

bit signal
21. Since pel

bl ock 45 is YES.
gener ates an out put
table 7

and +1 of

the sum +1

320
Qperation pr oceedsFt P @I ock
are €eXchan

Speci fically,

si gnal

ed

as shown in table 7A of Figure 5.
bl ock 47, gray levels 0 and -1 of the

A

of the

46. At Bl ock 46,

ep two values in table 7 are
-1, 'of the lower two Values in table 7. Because the
315 repone fromblock 44 is NO operation proceeds to block 45. At bl ock
odd colum discrimnation circuit 29 determ nes whether the 6
is being used for an odd or an even colum of CRT device
position (1,0) is an odd columm, the response from
odd colum discrimnation circuit 29
for activating an exchange circuit 32.
t he upper two values O
with the | ower two values 0 and -1,
Qperation proceeds to bl ock 47.
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upper two pels (on line 0) in area 14B of the rightnost pattern of Figure
325 5 are generated. Qperation C To-generate the
gray |level signals of the upper two pels of area 14C of the
rightnost pattern in Figure 5, X counter 27 is advanced to 2, 330 and
control device 12 stores the 6 bit signalgAL010 of pel position

(2,0) of CRT device 21 in register 1. A simlar operation to Cperation A

is then perfornmed. However, in this case, the repone of block 45 is NO
Therefore, the exchange of the values of table 7 in block 46 is not
performed. Thus, the gray level signals 0 and +1 for the upper tw pels 335
of area 14C are generated. Qperation D To generate the
gray level sigralp @f thequpper two pels of area 14D of the rightnost
pattern in Figure 5, X counter 27 is advanced to 3, 340 and control device
12 stores the 6 bit signal 101010 of pel position
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JA9-91-034 12 (3,0) of CRT device 21 in

register 1. A simlar operation to Operation B I s then perforned.

However, in this case, the response of block 45 is YES. Therefore,
performed. Thus,

t he exchange of values in table 7 in block 46 is
345 of the area

the gray level signals 0 and -1 for the Lppgr two pel s
14D ar e gener at ed. In this nmanner, the 6 bit signals of pel

line O for CRT device 21 supplied fromconmputer 20 are sequentially
stored in register 1 and sequentially processed by the algorithm
illustrated in Figure 4 to 350 generate the gray |evel signals for pels

on pel line 0 of LCD device 25.

FI1G. 5
X=1
Y=0
.TAB/LE 7 /TABLE A
0 |+1 -1
0 |-1 +1D
0 14Ai 14B
il B] 14C 14D 145 148 14 14p
+ “1§0{+1j0)-1]=0 oo I+
‘ 110 1~1}0 {+1d0 [-11=
1 - - 1'0:
l23+10+1o1o+1=o§10-10+1o-1o+1=}
301o-1o+1o-1:'=o zo-1o+1o'-10+1-}='0
-10+1o~10+1=o 30+10-1o+1o-1—}=0
_ = =0
| 40-10+1o-1o+1=o}
FI1G: B
"X=0
Y=1
TABLE 6
oflollo|-1
o-1oo:>
0 fo 14 148 | 14C 14D 144 4B 14 14p
ooo-looo—1=—2-ooo » ’
R 01ooo—1--2=.4
s o-1oo=-2§1o-1oo“o-1oo=-2- '
i 01-110f0]0 [-1|—2 zo-1ooo-100=—2 1
Of-1jojofo(-1fo |0 = 3{o0 -1{ 1
0jo0jf-1{o]ofo -1} =4
4o-1o-o.o-1oo=—2
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The gray level signals are supplied to data driver 38 of LCD device 25

for displaying the picture on line O. The gray | evel signals
for pels of Iine 1 of LCD device 25 are now 355 generated. Since the 6 bit
signals for pels on line O of CRT device 21 are used to generate the
gray level signals for pels on both Iinesg@18nd 1 of LCD device 25,
the above-nentioned 6 bit signals for pel line 0O of CRT device 21 are
agai n sequentially processed by the algorithmof Figure 4. However,

the lower two values of tables 7 and 7A are used to generate 360 the gray
| evel signals of pels-of line 1 of LCD device 25. In other wor ds, the
| ower two values 0 and -1 of table 7 are used for even areas 14A and
14C, and the | ower two values 0 and +1 of table 7A are used for odd
areas 14B and 14D. 365 Line 2 is now added after 1line 1 of the

ri ght nost pattern of Figure 5. Wien the gray scale signal of a pel on

line 1 of LCD device 25 is

supplied fromdata driver 38 to pels of
LCD device 25, gate lines 1 and '

=1
=1

TABLE 8

0i1+1}1010 :)

010 {10 |+1

0 14,A 14,B 14’C 14,D 14,A 14,B 14C 14p -
00+1_000+100=+2 00+10'00+100=+_-,+-4
11010f0 (+1j0 00 [+ =+2 0lolol+ 0010 j+]11=+ =+4
20"+1000+100=+2 000+1000+1=+2-=+4
3{olofo {+1f0lo0lo0 |+ =+2 .- 0l+1{010to0 |+1l0 0 |=+2 =+4

0O 10JO0(+1{0]010 |+1]=+2
FIG. 7
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2*are $inultaneously activated by a gate driver 39. Y.counter 35, a line
pattern generator 36 and a conparing circuit 37 insert the line. Y 370
counter 35 is initially reset to O, and then increnmented by control

device 12. Control device 12 initially stores 1, 6, 11,... in line
JA9-91-034 13 pattern generator 36 to
indicate the lines after which a new |inel {30 added. Conparing circuit
37 conpares the value in Y counter 35 with the value in line pattern
generator 36: If both values are equal, conmparing 375 circuit 37 supplies
a signal to gate driver 39. Gate driver 39 sequentially activates the
gate lines .in synchronismwth Y counter 35 ‘when the signal is not

supplied from cqﬁppréng ciécuit 37. \Wen gate

(  STaRT >/ 61

Y
SELECT DITHER TABLE 1—52

EXCHANGE
LEFT 2 vaLUEs |66
AND RIGHT 2 VALUES

y

GENERATE FOUR 4BIT SIGNALS
AND SUPPLY THEM TO i
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driver®39 is about to activate line 1, and the signal is supplied from
conparing circuit 37, gate driver 39 responds by sinultaneously 380
activating both lines 1 and 2. The sane pel sequence as that on line 1 is
t hus sinmultaneously displayed on line 2. The gray |evel signals for lines
3 and 4 of LCD device 25 are now genera /1d n the sane manner. '
Referring to Figure 5, in the rightnost pattern, the 2x2 dither 385 pel
groups of the picture appear to the human eye as single pels. The

suns of gray-levels of pairs of lines 0 and 1, 1 and 2, 2 and 3, and 3
and 4 are the same. Specifically, all the suns are equal to 0. By
contrast, in Figure 13, where table 7 alone isused, .the sumof the gray

|l evels of lines 1 and 2, -8, differs fromthe other suns, 0. Lines 1 and
390 2 including plural 2x2 dither pels therefore appear to have a

di fferent gray |evel. The dot- patterns generated in
accordance with the present in&%ﬂtﬁ%n "9 Via tables 6 and 8 are shown in
the rightnost dot patterns in Figures 6 : :

X=0
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01 2 3
TBLE 6 |t ofooToTo
i NEIOE
THBLE ‘64 |12 21010140
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395 ahd 7. The sunms, -4 and +4, of the gray levels of lines 1 and 2 of the
ri ght nost patterns in Figures 6 and 7 are equal
remai ning two |ines.

By contrast,

t he suns,

-8 and O,

to the suns of the

of the gray |evels

of lines 1 and 2 in Figures 12 and 14 generated conventionally differ
from ot her suns. 400 The sane pqplp(zem as that raised by
i nserting horizontal lines is al so ralsed by inserting vertical

col ums.
14

Al though a Figure illustrating

JA9-

91-034

colums is excluded fromthe attached

the.insertion of vertical

X=0
Y=0
TABLE 5 FIiG. 11
-1l 0
-1
0 144 14B 14C 14D 14A 14B  14C 14D
/ / y y4 [. / /
0j-1j0j-1{o}-1jof-1]o|-4 o}-1{of-1]o]-1{o}-1]0 |=-4l.g
10-1_0—10-10-1=—4§1o-1 =110 |-1}0 |-1]=-4) }=3
2{-1{o]-1jo{-1}0{-1|0 =4 2{0|-1{0|-1|{0 |-1}0 |-1|=-4 |l=g
slof-wlof-1]o {0 [-il=¢ 3{{ol1lol1lol-1l0 I }=.3
410 {-1]o]-1fo{-1{0,|-1]=-4
' X=0
Y=1
010
0|-1
0 144 148 140" 14D 4A 148 14C '14p
ojojojojojojofojolo ofojojojofofofo|ofo Yoy
1o-1o—1o—1o-1=—4§1o-1o-1o-1o—1=-4 =-8
2jofojofojojojolofo N2tol-1|of-1fo|-1]lo|-1|=-4 J}=uu
3lof-1]o-1]o|-1fo[-1[« 3[olololololofo o = }:-4
4ioj-1lo =110 |-1{0 |-1|=-4




dfaﬁfnbs, the problemw || be easily understood by those skilled in the
405 art by reference to Figures 12 to 14. Referring to Figure 8, the

pr esent i nvention prevents the introduction of a vertical pel colum
with different ‘gray level to that of the remaining picture. The
al gori thm shown in Figure 8 is siml|gy/4@ that shown in Figure 4,
except that bl ock 63 determ nes whet her vertlcal pel colums shoul d
be inserted to expand, 410 for exanple, 640 horizontal pels to 980 pels,
bl ock 64 determ nes whet her the sumof the left two values in the
dither matrix is equal to the sumof the right two val ues, block 65
determ nes whether the 6 bit signal is being used for an odd |ine of
CRT device 21, and bl ock 66 exchanges the left two values and the
right two values to generate a 415 nodified table, such as table 6A in
Figure 9. Therefore, conparing circuit 31 conpares the sum of the
|l eft two values of the table with the right two val ues. Exchange
circuit 32 exchanges the left two val ues and the right two val ues.
X=1
Y=0
TABLE 7 FI1G. 13
0 |+1
0f-1
0 leﬁ 1%§ 1%; lgp 1%@ I%p‘ 14C 14D _
010 |+1]10 |+1]0 |+1]0 |+1|=+4 0]0 |+1]0 {+1]0 |+1]0 [+1]=+4l.
110 ([-1}0(-1]0|-1]0 |-1fF-4<>1]0 |-1}0|-1]0|-1{0 |-1|=- =-8
2|0 +110|+1f0 |+1]0 [+1]=+4 2{0 |-1{0|-1|0 [-1]0 |-1]=-4 =0
310[-1j0 {-1J0 |-1}0 |-1}=-4 3]0 |+1}0|+1]0 |+1]0 |+1]=+4 =0
410 ({-110|-1}0 {-1{0 |-1]=-4 .
X=1
Y=1 :
TABLE 8 i
FIG. 14
o +1 . . -
010 | )
0 14,A 14/B 14/C 14,D 141A 14,B 14C 14D
010 [+110 |+110 |+1]0 |+1}=+4 O{O |+1}O0[+1}0 |+1]0 |+1]=+4 =44
110{0j0j0j0j0]jo{0¢ <§:1 ojojojojofololof=0]i=
210 1+110 |+1}0 |+1}0 {+1}=+4 2|0 |00 }0]O0 |00 |.0 =0 =+4
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.4.120. ) Control device 12 initially resets registers 1 and 4, X counter

27, Y counter 28, X counter 33. Control device 12 operates odd |line
discrimnation circuit 30, a colum pattern generator 34 and a conparing
circuit 40 because, in this case, pel colums are inserted. 425

The | ower pattern in Figure 9 shows a pel colum 2 being added. In

Figure 9, table 6 is used. Colum 2 has tjge sane pels as colum.1. The
addition of colum 2 after colum 1 is perforned by X counter 33, columm
pattern generator 34 and conparing circuit 40. Wen the gray scale signa
for colum 1 is supplied to data driver 38, the gray scale signal for 430

colum 1 is copied into the next cql 2 So that the same gray scale
pels as those of colum 1 are di sphggﬂAiYnS%%TE% 2 of LCD device 25. To

performthe insertion, control device 12 initially stores value 1
corresponding to colum 1 in colum pattern generator 34. X counter 33 is
ABSTRACT

A display system for converting N bit signals each representing 2N gray scale levels,
to M bit signals representing 2M gray levels (where N is an integer larger than or equal to 2
and M is an integer satisfying N>M_> 1) comprises a register (1) for separating each of the
N bit signals into higher order M bits and N-M bits. 2N-M taples (5,6,7,8) each store a
distinctive set of PxQ modification values satisfying PxQ>2N-M, A control device 12)
selects one of the tables as a function of the N-M bits. a comparator (31) detects a
difference between a first set of modification values and a second set of modification values
of the selected table. An exchanger (32) exchanges the first set of modification values and
the second set of modification values to generate a modified table from ﬁe selected table.
An adder (9) adds the M bits of one N bit signal.
Fig. 1-
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JA9-91-034 ) 15 advanced fromO to 1, 2, 3,
* Conparing circuit 40 conpares the 435 value in X counter 33 with the
value in colum pattern generator 34 and supplies a signal to data
driver 38 when both values are equal, whereby the sanme gray |evel

- pels as those in colum 1 are displayed in colum 2. Briefly
describing the generation of the |ower pajtgyn in Figure 9 440 using the
al gorithm shown in Figure 8, the gray level signals of line O and 1
are generated, and colum 2 is added. For the processing of lines O

and 1, table 6-is used because bl ock 65 responds with the answer NO
Specifically, odd line discrimnation circuit 30 does not supply the
activation sidral o exq@ange circuit 32. Wen the 6 bit signals on |ine
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445 1 of CRT device 21 are processed, odd line discrimnation circuit 30
activates exchange circuit 32 in block 65, and exchange circuit 32
exchanges the right side value O and -1 and the left side values 0 and O
of table 6 in block 66 to produce table 6A. The gray levels on lines 2
and 3 of LCD device 25 are thus displayed, as. shown in the |ower pattern
450 of Figure 9. The operation is repeatgghdo generate the gray scale
signal s of lines 4 to 7 of the |lower pattern in Figure 9.

The resultant | ower pattern in Figure 9 shows that the sum -2, of

the gray levels of colums 1 and 2 including plural 2x2 dither pel groups

455 is equal to the other sums of the gray levels of colums 0 and 1,
col ums 2 and 3, and colums 3 and 4. Therefore, in accordance with
t he present i nvention, colum 1 and 2 does not appear to the hupman
eye to be a ng)different gray level to the renmminder of the picture.
460 I n the enbodi ments of the present invention-hereinbefore
descri bed, the tables each included 2x2 matrices. However, it wll be
appr eci at ed | '
X=1
Y=0
.TABLE 7 TABLE 7A
0+ -1 .
oo [] 9
1 .
o 0 14A 14/8 14,c 14/D 14/A 14,B 14¢ 14
1 z +§ g -: 0{+1}0|-1]=0 0 |+1]o {110 {+1]0 [-1]=0 =
- -+ -
0]-110 |+1 =0'<§; 10 1110 |+1}o |-1]}0 {+1]= =0
200 (+1fo |-1]{o |+1]o |-1]=0 0 (-tjof+1fo{-1f0 |+1]=0 |}
X - - = =0
010+10_10+_1=0 O+10-10+10-1=}=o
440 |-110 {+1{0 {-1}0 [+1]=0
FIG. 6
"X=0
Y=1
TABLE 6
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= _1 x “1jo0jojof-1f==2 N2{o{-1]0 00 [=1{0{0 |==2 =-4
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that any tables of PxQ nodification values satisfying PxQ [err] can be
used. For exanple, a table including a 3x3 matrix is shown in Figure 10.
To performthe exchange of values in the table in block 46, the values in

&

JA9-91- 034 16 465 lines AL Band Cin table 81
are exchanged to generate table 82, as shown in Figure 10. To perform
the exchange in block 66, the values in co ygms A, Band Cin table

83 -are exchanged to generate table 84. As -descri bed
her ei nbefore,” the present invention prevents the 470 appearance of pel
|l i-nes of- different gray |evel through the insertion of

X=1
=1
TABLE 8
0 j+1 0
010 +1D
144 |
0 14 14/8 14/(: 14,D 14/A 14/8 14C 14p
00+1000+100=+2 00+10'00+100=+'
;o Cjo+1jo o 0+1=+2§10 010 1+1}0 0+1=+}_+44
=4
0+1000+100=+2 2000+1000+1=+2'-+4
:3000+1000+1=+2'30+1000+100=+2' =+4
4000+1000+1=+2 '
FI1QG. 7
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horizontal pel. lines or colums to the picture displayed on an LCD

device. In-accordance with the present invention, this is achieved by
determ ni ng whether or not to shift conpensation values in a dither

tatri x tabl e dependi ng on whether or not a corresponding pel line is to
475 be inserted,. CLAI M5 1.
A display systemfor converting N bit signapgigach, representing 2N gray
scale levels, to Mbit signals representing 2M gray | evels, where Nis an
integer. larger than or equal to 2 and Mis an integer satisfying N> M
[err] 1, said system conpri sing: means for separating each of said N
bit signals into higher Mbits and N-Mbits; 2N-Mtables each of which
stores a distinctive set of PXQ nodification values satisfying PXQ [err]

X=1

Y=0

TABLE 7 | FI1G. 13

0 |+1

0 -1

0 M4A 148 14 14 40 18 14C 14
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1 o-1o-1o-1o-1=—4§>\1o-1o—1o-1o-1=—4}-=.3

210 [+110 j+1}0 |+1{0 [+1)=+4 N2 |0 |1 0{-1{0|-1]0 |-1|=-4 J' =0

3jof-1fo|-1]o|-1fo |-1]=-4 3o+1o+10+1o+1=+4}=o
4o-1o-1o—1o-1=—4}

X=1

Y=1

TABLE 8 FIG. 14
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010

0 140 148 14 14 44 1B 140 14
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méans for selecting one of said tables using said NMbits; means . for
det ecting unequal ity between first set of nodificali§ds a9 iRRlacapmet-tweY
set of nodification values of said selected table; rzgn%gqaaz
exchanging said first set of nodificatien val ues antes_ai d o et of
nodi fication values to genérate a nodified table of said selected table;
means for ding.said Mbits of one N bit signal and each of the

modi f i cat F&I Pl da geperaljthe aspestratio ¢4 Pfé%@@r@g@peﬁfftﬂssﬁmmége @peﬁb@f M
i i . [ id Mhit : t N _bi i gnal and each o
Phe mod Tk Aot Bie R By Bvirso Genstl, 4t gt dgsghg%%a selomucaire o
bit:.s] : f ' sal .rst an ec sets
of M bt 5 Sesed or syreschBd VEFARRY Rl SRR o the e difpayed"Sh, B BT,

system acgepidi agvic® ¢l aim 1, wherein said display device receives said
first and s c%ngvse'ts of PxQMbit signals to display themon Q inage |ines

and the same image as thatsOMNMARYOF THBOENVERGION One additional line.

3. A display systemaccording to claim1l, wherein said first set of
modi fi cation kds aesbject of the present invention to ameliorate one or more disadvantages of

the prior art.

According to one aspect of t_he present invention there is provided a display system
for converting N bit signals each, representing 2V gray scale levels, to M bit signals
representing 2M gray levels, where N is an integer larger than or equal to 2 and M is an

~ integer satisfying N>M=1, said system comprising: means for separating each of said
N bit signals into higher M bits and N-M bits; 2¥-M tables each of which stores a
distinctive set of PXQ modification values satisfying PXQ=2N-M; means for selecting
i one of said tables using said N-M bits; means for detecting unequality between first set
of modification values and second set of modification values of said selected table;
means for exchanging said first set of modification values and said second set of
modification values to generate a modified table of said selected table; means for adding
said M bits of one N bit signal and each of the modification values of said selected table
to generate first set of PXQ M bit signals, and for adding said M bits of next N bit
signal and each of the modification \(alues of said modified table to generate second set
of PXQ M bit signals; and means for supplying said first and second sets of M bit
signals to a display device of 2M gray levels.

i According to another aspect of the present invention there is provided a method for
converting N bit signals each, representing 2V gray levels, to M bit signals representing
2M oray levels, where N is an integer larger than or equal to 2 and M is an integer
satisfying N>M=1, said method comprising the steps of: separating each of said N bit
signals into higher M bits and lower N-M bits; creating 2N-¥ tables each of which stores

a distinct set of PXQ modification values satisfying PXQ=2N-M; selecting one of said



in said table are P nodification values arranged in first horizontal |ine
in said table, and said second set of nodificatiohinlsues replagaiéni QN&
are P nodification values arranged in second horizontal line in s

t abl e. 2 SEP lgg%dl spl ay
system according to claim1, wherein ‘sai d first seP®®: nodification val ues
in said table are Q nodifi catl_on val-ues arranged in first vertical colum
in said tables ushposaid N-M bits;odetecsing unbqualitly betweea dmstvsat of modificationl vabiss e
are Q nodification values arranged in second vertical line in said Table.

5. A neaibsecbod scmiﬁ/mpdlﬁwgtlon Uahle%bbmd selected tabieemxéb@amgwgal Rirgr oy of
| evels, to Mbit nal s representln 1fa | eve]l s, where
|[ nt e]ger I moggicatlﬁaw afdasaid second #§ Oﬁ/ln}"% ﬁéﬂpp,tv $ tgc'ﬁepg’:f‘?l ﬂg}nﬂiﬂﬂeﬂ/l
err] 1 | maodco n hesp f
said N bi# Lq Bfléfﬂg F"é\i‘e gdldlt b&g&@f’“&%%??’% a@?ng 2
Lerr] tab Sifieafion %Lm%@ of id's3 ecéed%ﬁe 3 oBrad Hrstfet o%‘?%@%%fﬁkhaﬁ@ aY8! ues
adding said M bits of next N bit signal and each of the modification values of said

modified table to generate second set of PXQ M bit signals; and supplying said first and
second sets of M bit signals to a display device of 2M gray levels.
DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

Preferred embodiments of the present invention will now be described with
reference to the accompanying drawings in which: _

Figure 1 is a block diagram of a display system of the present invention;

Figure 2 is another block diagram of the display system;

Figure 3 shows the number of horizontal and vertical pels and aspect ratio of
various display devices;

Figure 4 is a flow chart of an embodiment of the present invention.



satisfying PXQ [err] sel ecting one of said tables using said NM .
bits; detecting unequality between first set of hifdgiithe oapilacamertt she%i
and second set of nodification values of said selected table;

exchanging said first set of nodificatigqp values and .d secen f
nodi fication values to generate a nodified table of %gi:-eél sge’cggget@& e;

adding said Mbits of one N bit signagyaggggach of the nodification values
of said selected table to generate first set of PXQ Mbit signals and

addi ng saitd Mabidisplf syaest £k cBirferfih® M ibitagighaaelichofrepRrgeripgi ¥ qahy @Bale
values of said nodified table to generate second set of PXQ Mbit signals;
~and levelspipd M bi sigriath fepresentiag2 geaynidvelst whevé NVisbart intéggn ddrgert than or
di spl ay device of 2[err] gray levels. 6. A method according to claimsb5,
wher ei n safenl do 2pindMde anh dsegas setisfying MPMEil; said system cemprisinget s of PXQ M
bit signals to display themon Qinmage_lines and the sane inmge as that of
Q h i mage | i n&eans éfeSeparating ach of said N bit signals into higher M bits and N-M bits;
2N-M tables each of which stores a distinctive set of PXQ modification values satisfying
PXQ=2N-M; '
means for selecting one of said tables using said N-M bits;
means for detecting unequality between first set of modification values and second
set of modification values of said selected table; |
means for exchanging said first set of modification values and said second set of
modification values to generate a modified table of said selected table;
means for adding said M bits of one N bit signal and each .of the modification
values of said selected table to generate first set of PXQ M bit signals, and for adding
said M bits of next N bit signal and each of the modification values of said modified
table to generate second set of PXQ M bit signals;
and means for supplyiﬁg said first and second sets of M bit signals to a display
device of 2M gray levels.
2. A display system according to claim 1, wherein said display device receives said
first and second sets of PXQ M bit signals to display them on Q image lines and the
same image as that of the Qth image line on one additional line.
3. - A display system according to claim 1, wherein said first set of modification values
in said table are P modification values arranged in first horizontal line in said table, and

said second set of modification values in said table are P modification values arranged in

second horizontal line in said table.
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7 A nmet hod according to claim5, wherein said first set of nodification
values in said table are P nodification values ar W&E:gackhbnebiabémem sheet
hori zontal line in said table, and said second set of nodificati val ues
in said table are P nodification val uesigrranged in seco@ _ _taI i ne
in said table. 8. A nmet hod according to claim 5,D‘iﬁ?1‘ere| n said first set
of nodification values in said table are Q nodification values arranged in
first verdi caf displashsysiemn seqopding o elaimdd wharedn said fiosisetef modification valaes on
Vel es L gidabfirare G mmodificanon valags arvangsd i st Jertis column in said Hble, and | <
said second set of modification values in said table are Q modification values arranged in
second vertical line in said Table.
-5. A method for converting N bit signals each, representing 2V gray levels, to M bit
signals representing 2M gray levels, where N is an integer larger than or equal to 2 and
M is an integer satisfying N>M=>1, said method comprising the steps of:
separating each o_f said N bit signals into higher M bits and lower N-M bits;
creating 2¥-M tables each of which stores a distinct set of PXQ modification values
satisfying PXQ=2N-M,
selecting one of said tables using said N-M bits;
detecting unequality between first set of modification values and second set 'of
modification values of said selected table; '
exchanging said first set of mocﬁﬁcation values and said second set of modification
values to generate a modified table of said selected table;
adding said M bits of one N bit signal and each of the modification values of said
selected table to generate first set of PXQ M bit signals and adding said M bits of next N
bit signal and each of the modification values of said modified table to generate second
set of PXQ M bit signals; and
supplying said first and second sets of M bit signals to a display device of 2M gray
levels.
6. A method according to claim 5,“ wherein said display device receives said first and

second sets of PXQ M bit signals to display them on Q image lines and the same image

as that of Qth image line on one additional line.
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7. A method according' to claim 5, wherein said first set of modification values in said
table are P modification values arraI;ged in first horizontal line in said table, and said
second set of modification values in said table are P modification values arranged in
second horizontal line in said table.

8. A method according to claim 5, wherein said first set of modification values in said
table are Q niodiﬁcatiox:l values arranged in first vertical column in said table, and said
second set of modiﬁcat_ion values in said table are Q modification values arranged in

second vertical column in said table.
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