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DIGXITAL DISPLAY DRIVEN BY ANALOG INTERFACE WITH REDUCED NOISE

Field of the Invention

The present invention relates to a digital display, such as a
liquid crystal display (LCD) panel, for displayving information output
from a data processing device (such as a computer). More specifically,
the invention relates to an analog interface for driving the digital

.display.
Background of the Invention

Display units for displaying outputs from data processing devices
have traditionally been analog in nature. ' The most typical example is a
Cathode Ray Tube (CRT) display used in the common personal computer (PC).
In such analog displays, analog interfaces in the PC’'s video driving unit
provide three analog signals {red, green and blue) to the analog display.
Each analog signal can assume, in this example, 1 out of 64 possible
analog levels. Thus, the analog display is capable of displaving 262,144
different colours (64 x 64 x 64).

As shown in Fig. 1, the conventional analog interface includes a
video memory 1 storing a digital label for uniquely indicating each of
256 pogsible colours which can simultaneocusly be used for display.- The
digital label contains 8-bits so that it can uniquely designate 256
different colours. The 8-bit digital label is output from video memory 1
onto line 4 to colour palette chip 2. For each of the 256 digital
labels, colour palette chip 2 stores a set of three digital values, one
for each of the primary display colours red (R), green (G) and blue (B)
that make up the corresponding colour. Each of the three digital values
is a 6-bit digital word thus allowing for 64 different levels. The three
6-bit words are output from the colour palette chip 2 via a built-in
digital-to-analog (D/A) converter and sent as three 64-level analog

signals 5, 6 and 7 to analog display 3 (such as a CRT).

In operation, the PC is running an application program which
requires that a certain colour be displayed. The application program
tells the PC’s video display device driver (in the ROM BIOS) to display

that certain colour. Video memory 1 then outputs the 8-bit digital word
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Digital displays have recently beén growino in popularity,

\u' _ especially for portable_usés such as in notebook compuﬁers. The most
typical exémple of a digital display is an LCD panel.' Digital displays
typicaliy require that the R, G and B driving signals represent a smaller
number of total leveéls than in an analog display. For example, in a
digiﬁal display each of the R, G and B driving signals represent one’ of
only 16 different levels (as opposed to one of 64 in the analog dlsplay)
A 4-bit digital word (allowing 16 levels) is thus used in a digital
display, while a 6-bit digital word (allowing for 64 levels) is used - in
the digital portion of the interface circuitry for driving the analog
display. The digital display of our example is thus capable of
displaying only 4,096 colours (16 x 16 x 16) as opposed to the 262,144
colours (64 x 64 x 64) displayable by the analog display.

Despite these differences, it is highly advantageous to drive a
digital display using existing standard‘analog driver interfaces, such as
the one shown in Fig. 1. This eliminates the need to provide a dedicated
digital driving interface, and efficient use can be made of pre-existing
circuitry without hardware modification. However, to do so requires that
the analog interface‘s 6-bit primary colour signals be reduced to 4-bit
signals so as to be compatible with the digital display.

One common way of making this reduction is simply to ignore the 2
least significant bits during the analog-to-digital (A/D)} conversion that
occurs inside the digital display. This, however, can produce
undesirable effects since the analog signal will contain some noise and
the effect of this noise will be greatly amplified by ignoring these 2
bits. Although the noise is only equivalent to a transition in the least
significant bit it may actually have an effect on the fourth highest bit.
That is( if the analog interface drives the 6-bit digital word 010011,
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displayed and the error is clearly visible to the user.

There is thus a need for an improvement to the analog interface
driving a digital display so that less noise (in the guise of the wrong
colour being displayed) is perceptible to the user. )

Summary of the Invention

In accordance with the present invention, there is now provided aﬁ
analog interface apparatus for driving a digital display unit, said
apparatus comprising: a colour palette means for storing colour signals
for driving said digital display unit; and a look up table means for
storing colour signals for driving said digital display unit and for
supplying said colour signals to said colour paletté means, said look up
table including means for interrupting write operations to said colour
palette means by receiving as inputs colour signals of said write
operations and providing as outputs colour signals having a resolution
matching that of said digital display unit.

Preferably, for each primary colour, said look up table stores one
output value for a plurality of adjacent input values when said input
values are arranged in ascending order in said table, and said one output‘
value. is selected to be the input value of said plurality of adjacent
input values which provides the least noise with respect to the other

input values of said plurality of input values.

In a preferred embodiment, the apparatus further comprises a
calibration means for setting said one output value in said look up table
by displaying colours on said digital display unit corresponding to each
of said plurality of adjacent input values so that a user can select one

of said colours using an input means.

Preferably, said means for interrupting is implemented in software
as an addition to the operating system as a Terminate and Stay Resident

program.
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provided a computer program stored on a storage medium readable by a

computer, said program comprising: means for recodgnizing a write

operation to a colour palette unit of an analog display interface; means

for intercepting said write operation, taking colour information

contained in said write operation and substituting therefor other colour

information having a resolution matching that of a digital display unit

driven by said Analog display interface.

Preferably, said program is an addition to the operating system of
said computer as a Terminate and stay Resident program, and the program
further comprising calibration means for setting values of said other

colour information using a feedback routine.

Viewing the present invention from a third adspect, there is now
provided a method of.selecting colour information for a colour palette
unit of an analog display interface for driving a digital display unit,.
comprising steps of:-detecting a write operation to said colour palette
unit: intercepting said write operation, taking colour information
contained in said write operation and sibstituting therefor other colour i
information having a resolution matching that of said digital display
unit driven by said analog display interface; and writing said other
colour information into said colour palette unit for use in driving said

digital display unit.

Viewing the present invention from a fourth aspect, there is now
provided a computer system having the analog interface apparatus
mentioned above, said computer system also having a processor, bus and

memory means.

The analog interface apparatus, computer program aﬂd method of the
present invention allows an existing analog interface apbaratus hardware
assembly to be-uséd to drive a digital display unit without suffering
from noise problems (causing the wrong colour to be displayed) existing

in the prior art.

Brief Description of the Drawings

The present invention will now be .described by way of example
thereof with reference to the following Figures (Fig. 1 having already

been discussed above):
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A major difference between Fig. 1 and Fig. 2 is the possible values
assumable by the R, G, B signals on lines 5, 6 and 7, respectively output
from the colour palette chip’s D/A converter. In Fig. 1 the signals can
assume 64 analog levels, capable of representing 262,144 qolourg. In
Fig. 2 the signals can assume only 16 analog levels, capable of
representing'only 4,096 colours. Thus, when an 8-bit dig?tal wprd is
supplied from video memory 1, colour palette chip 2 outputs three analog
signals (R, G and B) on lines 5-7, each signal having one out of only 16
possible levels. These three 1l6-level signals are then directly and
completely converted to 4-bit digital words compatible with the digital
display 21, by using the digital display’s internal A/D converter. The
words "directly and completely" used above mean that no bits are ignored

(as in the conventional technique described above) after A/D conversion.

- -

The video memory 1, colour palette chip 2 and digital display 21
are used during normal operation of the data processing system wherein
the analog interface is commanded to display certain colours on the
digplay. The further discussion presented immediately belbw explains how
the 16 possible levels on lines 5-7 are chosen (out of the 64 total
available levels which could be output from palette chip 2 on each of
lines 5-7).

Fig. 2 includes a look up table 22 (which can be written in
available RAM or on the hard disk) which stores, for each primary colour
(R, G, B) a 6-bit word representing a selected value (out of a group of
16 values) corresponding to a 6-bit word representing one of a group of
64 values. That is, for R, the band of 64 possible values is divided

into sixteen sub-bands of 4 values each, and one value is chosen from
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Fig. 3 shows an example of the contents of look up taﬁle 22 for one
of the three primary colours (R), a similar data structure exiéts for the
other two primary colours G and B. The input column 221 lists each of
the 64 values which the R signal appearing on line 28 may assume (it is a
6-bit signal). In Fig. 3 the digital values (0-63) are shown for .
clarity, however, the 6-bit binary equivalents would physically be stored
in memory. An output column 222 is provided opposite the input column
221. The output column 222 stores the véldes which will be output on
look up table output line 25 whern the corresponding input column value is
input to look up table input line 28. ¥For example, when a 6-bit value
representing "20" is input on line 28 the corresponding 6-bit value
representing "22" is output from the table 22 onto line 25.

Thus, whenever a user tries to add a colour to the colour palette
chip, the user’s colour selection (appearing on lines 28-30) is
intercepted by the look up table 22 and converted to a different colour
and output onto lines 25-27 to the colour palette chip for coloﬁﬁﬁﬁriting
therein. Also, when an application program (such as a computer graphics
software package or desktop publishing software package) tries to write a
particular colour to the palette chip 2, the look up table 22_wouid
similarly interrupt the write operation and substitute the stored colour
for the application program’s intended colour.

This ensures that only 16 different levels are used to form the
three primary colour components of the 256 colours existing in the colour
palette chip 2. Because only 16 levels are used, only 16 levels can bé
sent on lines 5-7 to the digital display 21. These 16 levels are then
converted to four-bit digital signals by the digital display‘’s aA/D
converter. -
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procedure using calibration unit 23 and keyboard 24 as follows with
reference to Fig. 3. For the first band 223 (having four values 0-3) the
lowest value "0" of the four values is chosen. For the 16th band 224
{the highest band containing the values 60-63) the highest value "63" of
the four values is chosen. For each of the other 14 bands in between
these two bands, the calibration unit causes colours corresponding to
each of the four potentidl values to be displayed on the display 21 and
the user selects, via keyboard 24, the one of the four colours which
appears to have the least noise (i.e., the one that looks the best of the
four, according to the ﬁser?s perspective). The value corresponding to
this selected colour is then Writﬁen to the look up table 22. This
process is repeated for each of the remaining bands for one primary
colour. Then, the overall process is repeated for the other two primary

colours. This £ills up the look up table 22.

While the descfibed interception of a colour palette write
operation could be implemented with the addition of additional hardware,
the preferred embodiment is a software approach involving a user-loadable
addition to the operating system. In the DOS operating system, this can
be done by writing a DOS Terminate and Stay Resident (TSR) program which
intercepts write operations to the colour palette using the standard BIOS
INT 10H interface. The selected values for storing in the look up table
are configurable by the user through a calibration program operating-as

described above with respect to the function of calibration unit 23.

When an application program needs to display data, the device
driver in the ROM BIOS (firmware) is used. The TSR program added to the
computer’s operating system software controls the data which is supplied
to the device driver by performing a data substitution using'the look up
taﬁie 22, The RSR proéram can also be implemented as an addition to the
BIOS itself.

Since some program applications bypass the BIOS and write directly
to the palette chip, the TSR can be further programmed to use the system
unit’s timer interrupt to periodically‘(e.g. 13 times per second) check
the values stored in palette chip 2 and replace any values which are not
of the selected 16 values with its corresponding value as stored in the

look up table 22. In the "Windows" (a Microsoft trademark) and "0S/2"
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program. Therefore, there should be no compatibility problems because
there is no need to modify the application code. As is well known, a
computer’s operating system is stored on a computer readable storage
medium such as a hard drive or semiconductor memory (e.g., DRaAM).
Accordingly, the addition to the operating system according to the
present invention would also be so-stored.

The invention can also be applied to situations when a digital
display and an analog display are used at the same time. The colour
information on the analog display is made to match that of the digital
display using the look up table, thus making the two displavs display the
same colours. Note that in the conventional technique where 2-bits are
ignored, this would not necessarily be the case, as is clear from the

above discussion of the conventional technique.

The above description of a preferred embodiment of the present
invention refers to a 4096 colour digital display and a standard.PC (VGAa)
purely as an example. The invention is applicable to any video"sub-
system and any digital display where the digital display is unable to
display the full range of colours provided by the video sub-system.
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a look-up table means for storing colour signals for driving said
digital display unit and for supplying said colour signals to said colour
-palette means, said look up table including means for interrupting write
operations to said colour'palette means by receiving as inputs colour
signals of said write operations and providing as outputs colour signals -
having a resolution matching that of said digital display unit.

2. The apparatus of claim 1 wherein, for each primary colour, said
look up table stores one output value for a plurality of adjacent input
values when said input values are arranged in ascending order in said
table. ) '

3. The apparatus of claim 2 wherein said one outout value is selected
to be the input value of séid plurality of adjacent input values which
provides the least noise with respect to the other input values of said
plurality of input values.

4. The apparatus of claim 3 further comprising a calibration means for
setting said one cutput value in said look up table by displaying colours
on said digital display unit corresponding to each of said plurality of
adjacent input values so that a user can select one of 8aid colours using

an input means.

5. The apparatus of claim 1 wherein said means for interrupting is

implemented in software as an addition to the operating system.

6. The apparatus of claim 1 wherein said means for interrupting is

implemented in software as an additional to the system firmware.

7. The appafatus of claims 5 or 6 wherein said addition system is a

H

Terminate and Stay Resident program.
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- processor, a bus and a memory means.

9. A computer program stored on a storage medium readable by a

computer, said program comprising:

means for recognizing a write operation to a colour palette unit of

an analog display interface;

means for intercepting said write operation, taking colour
information contained in said write operation and_substituting therefor
other colour information"having a resolution matching that of a digital

display unit driven by said analog display interface.

io. The computer program of claim 9 wherein said program is an addition

to the operating system of said computer.

11. The computer program of claim 9 wherein said program is a Terminate

and Stay Resident program.

12. The computer program of claim 9 further comprising calibration
means for setting values of said other colour information using a

feedback routine.
13. A method of selecting colour information for a colour Dalette unit
of an analog display interface for driving a digital display unit,
comprising steps of:
detecting a write operation to said colour palette-unit:
intercepting said write operation, taking colour information
contained in said write operation and substituting therefor other colour
information having a resolution matching that of said digital display

unit driven by said analog display interface; and

writing said other colour information into said colour palette unit

A

for use in driving said digital display unit.
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Fig. 2 shows an enbodi nent of the present invention, to allow the anal og

interface to drive a digital display; and Fig. 3 shows a parti al
exanple of the contents of the | ook up table in the enbodi nent of Fig. 2.
Det ai | ed Description of the Preferred Enbodi nents In Fig. 2 the video
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4,096 colours. Thus, when a 8-bit digital word is supplied from video
menory 1, colour palette chip 2 outputs three analog signals (R, G and B)
on lines 5-7, each signal having one out of only 16 possible |evels. These
three 16-| eveAnsamgiey $ntevfscet lysparatius dort dyivingda cligipil efisplyy aaity eaidegppaatds bi t
digital words conpatible with
comprising: a colour palette means for storing colour signals for driving said digital
display unit; and a look up table means (22) for storing colour signals for driving said
digital display unit and for supplying said colour signals to said colour palette means (2),
said look up table (22) including means for interrupting write operations to said colour
palette means (2) by receiving as inputs colour signals of said write operations and
providing as outputs colour signals having a resolution matching that of said digital
display unit.

FIG. 2

This Sheet Has Been Replac

T




LA e .
the digital display 21, by using the digital display's internal A/ D
converter. The words "directly and conpl etel y" used above nean that no bits
are ignored (as in the conventional technique described above) after A/D
conver si on. The video nenory 1, colour palette chip 2 and digital
di splay 21 are used during normal operation of the data processing system
wherein the analog interface is connanded1;§ di splay certain colours on the
di splay. The further discussion presented 1Tmedi ately bel ow expl ai ns how
the 16 possible levels on lines 5-7 are chosen (out of the 64 total
avail abl e I evel s which could be output frompalette chip 2 on each of lines
5- 7). Fig. 2 includes a | ook up table 22 (which can be witten in
avai |l abl e RAM or on the hard di §K) wnrcmstores—y or each primry col our
(RR G B) a 6-bit word representing a selected vdgl ue (out of a group of 16
val ues) corresponding to a 6-bij word representirfg one of a group of 64
values. That is, for R the bang of 64§?g§sible jal ues is divided into
si xteen sub-bands of 4 val ues epch, ang, alie valug is chosen from each
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5 This chosen value is stored in |ook up table 22 in a |ocation
corresponding to each of the 4 nmenbers of the respective sub-band. Then,
when a 6-bit value of R arrives on line 28 (this value can assune 64

di fferent values) the stored corresponding 6-bit signal is output on |ine
25 to the colour palette chip 2. This signal appearing on line 28, while a

6-bit signal, can only assunme 16 val ues, cause only 16 val ues are used
when the data is stored in the look up t 22, as explained above. The
sane is done for the other two primary colours G and-R Fig. 3 shows

an exanpl e of the contents of | ook up table 22 for gne of fhe three primry

colours (R), a sfmTlar data structjure exists for thg oﬁ@er two primary
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and B. The input columm 221 lists each of the 64 val ues which the R signal
appearing on the line 28 may assune (it is a 6-bit signal).. In Fig. 3 the
digital values (0-63) are shown for clarity, however, the 6-bit binary
equi val ents woul d physically be stored in nmenmory. An output colum 222 is
provi ded opposite the input colum ZZéYBThe out put columm 222 stores the

val ues which will be output on | ook u able line 25 when the correspondi ng
i nput colum value is input to ook up table input |ine 28. For exanple,
when a 6-bit yatdve—+represepnttrg—20"—s—nAput—en—++ney 28 the correspondi ng
6-bit val ue r,gresenting "22" isgoutput fromthe tablp 22 onto line 25.
Thus, whenevet 21U$TT ' ‘dh€2§b oyr2Zal ette chip, the
user's col our]sel ect1 MP{&ppeari ng on | i B&HPUE20) isa;z?ercepted by the
| ook up tablef22 and converted to a different col our d output onto lines
25-27 to the gol our l@tte chip for colourQwiting therein. Al so, when an
application pfogram (Jsugh as a conputer gragphics softjpare package or
deskt op publibhiﬂdisft?are package) tries 4o wite ajparticular colour to
the palette chip 2, tjhegl ook up table 22 wd%ld simlajly interrupt the
wite operatipn and bstitute the stored colour for fhe application
program s intgended colqgr. Thi s ensur%§ that only 16 different |evels
are used to fprmthe thsee pri mary col our 5 .
6 6
7 6 )
8 9
9 9
10 9
) 1 9
12 A - _
13 14 '
14 14 "
15 14
16 17
17 17
18 17
19 17
20 | 22
21 22
22 22
23 22
2% 26
25 - 26
26 26
27 26
— — FIG. 3
(60 63 —_—
61 _ 63
2269 2 63
63 - 63
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of the fowomputer). More specifically, the invention relates to an analog interface for driving the

digital display.
' Background of the Invention
Display units for displaying outputs from data processing devices have traditionally

~ been analog in nature. The most typical example is a Cathode Ray Tube (CRT) display

used in the common personal computer (PC). In such analog displays, analog interfaces
in the PC's video driving unit provide three analog signals (red, green and blue) to the

‘analog display. Each analog signal can assume, in this example, 1 out of 64 possible

analog levels. Thus, the analog display is capable of displaying 262,144 different
colours (64 x 64 x 64). ,

As shown in Fig. 1, the conventional analog interface includes a video memory 1
storing a digital label for uniquely indicating each of 256 possible colours which can
simultaneously be used for display. The digital label contains 8-bits so that it can
uniquely designate 256 different colours. The 8-bit digital label is output from video
memory 1 onto line 4 to colour palette chip 2. For each of the 256 digital labels, colour
palette chip 2 stores a set of three digital values, one for each of the primary display
colours red (r), green (G) and blue (B) that make up the corresponding colour. Each of
the three digital values is a 6-bit digital word thus allowing for 64 different levels. The
three 6-bit words are output from the colour palette chip 2 via a built-in digital-to-analog
(D/A) converter and sent as three 64-level analog signals 5, 6 and 7 to analog display 3
(such as a CRT).

In operation, the PC is running an application program which requires that a
certain colour be displayed. The application program tells the PC's video device driver
(in the ROM BIOS) to display that certain colour. Video memory 1 then outputs the 8-
bit digital word on line 4 indicating that colour. Colour palette chip 2 receives the 8-bit
word and outputs three analog 64-level signals 5 (for R), 6 (for G) and 7 (for B) to the
analog display 3.

There are only 256 colours stored in the palette chip, yet there is a total of 262,144
colours available. The user can custom-design the palette chip 2 to store different
colours therein. Alternatively, the applicatioh program itself can write directly to the
palette chip 2 to change its colours if the application program requires a certain set of
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levels) is thus used in a digital display, while a 60-bit digital word (allowing for 64
levels) is used in the digital portion of the interface circuitry for driving the analog
display. The digital display of our example is thus capable of displaying only 4,096
colours (16 x 16 x 16) as opposed to the 262,144 colours (64 x 64 x 64) dlsplayable by
the analog display.

Despite these differences, it is highly advantageous to drive a digital display using
existing standard analog driver interfaces, such as the one shown in Fig. 1. This
eliminates the need to provide a dedicated digital driving interface, and efficient use can
be made of pre-existing circuitry without hardware modification. However, to do so
requires that the analog interface's 60-bit primary colour signals be reduced to 4-bit
signals so as to be compatible with the digital display.

One common way of making this reduction is simply to ignore the 2 least
significant bits during the analog-to-digital (A/D) conversion that occurs inside the
digital display. This, however, can produce undesirable effects since the analog signal
will contain some noise and the effect of this noise will be greatly amplified by ignoring
these 2 bits. Although the noise is only equivalent to the transition in the least
significant bit it may actually have an effect on the fourth highest bit. That is, if the
analog interface drives the 6-bit digital word 010011, the display should see this as 0100
(i.e. the leat significant 2 bits are ignored). If noise equivalent to 000001 is present it
will increase the value of the 6-bit digital word to 010100 and the digital display will see
0101 (instead of the desired 0100). Thus, a small amount of noise is greatly amplified
and results in a different colour being displayed and the error is clearly visible to the
user. :

" There is thus a need for an improvement to the analog interface driving a digital
display so that less noise (in the guise of the wrong colour being displayed) is perceptible
to the user.

Summary of the Invention

In accordance with the present invention, there is now provided an analog interface
apparatus for driving a digital display unit, said apparatus comprising: a colour palette
means for storing colour signals for driving said digital display unit; and a look up table
means for storing colour signals for driving said digital display unit and for supplying
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In a preferred embodiment, the apparatus further comprises a calibration means for
setting said one output values in said look up table by displaying colours on said digital
display unit corresponding to each of said plurality of adjacent input values so that a user
can select one of said colours using an input means.

Preferably, said means for interrupting is implemented in software as an addition to
the operating system as a Terminate and Stay Resident program.

Viewing the present invention from a second aspect, there is provided a computer
program stored on a storage medium readable by a computer, said program comprising:
means for recognizing a write operation to a colour palette unit of an analog display
interface; means for intercepting said write operation, taking colour information
contained in said write operation and substituting therefor other colour information
having a resolution matching that of a digital display unit driven by said analog display
interface.

Preferably, said program is an addition to the operating system of said computer as
a Termipate and Stay Resident program, and the program further comprising calibration
means for setting values of said other colour information using a feedback routine.

Viewing the present invention from a third aspect, there is now provided a method
of selecting colour information for a colour palette unit of an analog display interface for
driving a digital display unit, comprising steps of: detecting a write operation to said
colour palette unit: intercepting said write operation, taking colour information
contained in said write operation and substituting therefor other colour information
having a resolution matching that of said digital display unit driven by said analog
display interface; and writing said other colour information into said colour palette unit
for use in driving said digital display unit.

Viewing the present invention from a fourth aspect, there is now provided a
computer system having the analog interface apparatus mentioned above, said computer
system also having a processor, bus and memory means.
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The present invention will now be described by way of example thereof with
reference to the following Figures (Fig. 1 having already been discussed above):

Fig. 1 shows a conventional analog interface driving an analog display;

Fig. 2 shows an embodiment of the present invention, to allow the analog interface

s
kBhoul d

to drive a digital display; and

Fig. 3 shows a partial example of the contents of the look up table in the
embodiment of Fig. 2.

Detailed Description of the Preferred Embodiments

In Fig. 2 the video memory 1 and colour palette chip 2 are of the same
construction as described in Fig. 1 and will not be described in detail herebelow.

A major difference between Fig. 1 and Fig. 2 is the possible values assumable by
the R, G, B signals on lines 5, 6 and 7, respectively output from the colour palette chip's
D/A converter. In Fig. 1 the signals can assume 64 analog levels, capable of
representing 262,144 colours. In Fig. 2 the signals can assume only 16 analog levels,
capable of representing only 4,096 colours. Thus, when a 8-bit digital word is supplied
from video memory 1, colour palette chip 2 outputs three analog signals (R, G and B) on
lines 5-7, each signal having one out of only 16 possible levels. These three 16-level
signals are then directly and completely converted to 4-bit digital words compatible with
the digital display 21, by using the digital display's internal A/D converter. The words
"directly and completely" used above mean that no bits are ignored (as in the
conventional technique described above) after A/D conversion.

The video memory 1, colour palette chip 2 and digital display 21 are used during
normal operation of the data processing system wherein the analog interface is
commanded to display certain colours on the display. The further discussion presented
immediately below explains how the 16 possible levels on lines 5-7 are chosen (out of
the 64 total available levels which could be output from palette chip 2 on each of lines 5-
7).

Fig. 2 includes a look up table 22 (which can be written in available RAM or on
the hard disk) which stores, for each primary colour (R, G, B) a 6-bit word representing
a selected value (out of a group of 16 values) corresponding to a 6-bit word representing
one of a group of 64 values. That is, for R, the band of 64 possible values is divided
into sixteen sub-bands of 4 values each, and one value is chosen from each sub-band.
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7 display the same colours. Note that in the convenfTonal techpi gpej where
2-bits are ignored, this would not necessarily be §h¢ ;7S €| par
fromthe above di scussion of the convention techni qué. °??‘N0\¢§9973 :)va'
description of a preferred enbodi nent of _the presenft L-pwentoti—referg to a
4096 colour digital display and a standa?d PC (VGA} purely as an exampl e.
The invention is applicable to a vi deo _sub-syst ernrarmd—any. di gi tal displ ay
wher e t he Idigshosen aalsls|l%1§toreéi wlrﬁael?/ aptieplei2d in &)JOQ'%‘@HPBUPSHO&H% tgreagly phihes
provi ded RymemBeisi sfaBe sesBe@t@tstiBlband. Then, when a 6-bit value of R arrives on line 28

(this value can assume 64 different values) the stored corresponding 6-bit signal is output
on line 25 to the colour palette chip 2. This signal appearing on line 28, while a 6-bit
signal, can only assume 16 values, because only 16 values are used when the data is
stored in the look up table 22, as explained above. The same is done for the other two

- e

primary colours G and B.

Fig. 3 shows an example of the contents of look up table 22 for one of the three
primary colours (R), a similar data structure exists for the other two primary colours G
and B. The input column 221 lists each of the 64 values which the R signal appearing on
the line 28 may assume (it is a 6-bit signal). In Fig. 3 the digital values (0-63) are
shown for clarity, however, the 6-bit binary equivalents would physically be stored in
memory. An output column 222 is provided opposite the input column 221. The output
column 222 stores the values which will be output on look up table line 25 when the
corresponding input column value is input to look up table input line 28. For example,
when a 6-bit value representing "20" is input on line 28 the corresponding 6-bit value
representing "22" is output from the table 22 onto line 25.

Thus, whenever a user tries to add a colour to the colour palette chip, the user's
colour selection (appearing on lines 28-30) is intercepted by the look up table 22 and
converted to a different colour and output onto lines 25-27 to the colour palette chip for
colour writing therein. Also, when an application program (such as a computer graphics
software package or desktop publishing software package) tries to write a particular
colour to the palette chip 2, the look up table 22 would similarly interrupt the write
operation and substitute the stored colour for the application program's intended colour.

This ensures that only 16 different levels are used to form the three primary colour
components of the 256 colours existing in the colour palette chip 2. Because only 16
levels are used, only 16 levels can be sent on lines 5-7 to the digital display 21. These
16 levels are then converted to four-bit digital signals by the digital display's A/D
converter. :

" The choice of which one of the four input column values in each of the 16 bands to
place in the output column is made using a calibration procedure using calibration unit
23 and keyboard 24 as follows with reference to Fig. 3. For the first band 223 (having
four values 0-3) the lowest value "0" of the four values is chosen. For the 16th band
224 (the highest band containing the values 60-63) the highest value "63" of the four
values is chosen. For each of the other 14 bands in between these two bands, the
calibration unit causes colours corresponding to each of the four potential values to be
displayed on the display 21 and the user selects, via keyboard 24, the one of the four
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colours which appears to have the least noise (i.e., the WM‘MIC the

four, according to the user's perspective). The value corresponding to this selected
colour is then written to the look up table 22. This process is repeated for each of the
remaining bands for one primary colour. Then, the overall process is repeated for the
other two primary colours. This fills up the look up table 22. -

While the described interception of a colour palette write operation could be
implemented with the addition of additional hardware, the preferred embodiment is a
software approach involving a user-loadable addition to the operating system. In the
DOS operation system, this can be done by writing a DOS Terminate and Stay Resident
(TSR) program which intercepts write operations to the colour palette using the standard
BIOS INT 10H interface. The selected values for storing in the look up table are
configurable by the user through a calibration program operating as described above with
respect to the function of calibration unit 23. |

When an application program needs to display data, the device driver in the ROM
BIOS (firmware) is used. The TSR program added to the computer's operating system
software controls the data which is supplied to the device driver by performing a data
substitution using the look up table 22. The RSR program can also be implemented as
an addition to the BIOS itself. ;

Since some program applications bypass the BIOS and write directly to the palette
chip, the TSR can be further programmed to use the system unit's timer interrupt to
periodically (e.g. 13 times per second) check the values stored in palette chip 2 and
replace any values which are not of the selected 16 values with its corresponding value as
stored in the look up table 22. In the "Windows" (a Microsoft trademark) and "OS/2"
(an IBM trademark) operating systems, all accesses to the palette chip are through the
BIOS so there is no need for the timer interrupt routine.

Because the invention can be implemented in software, there is no need to change
the standard hardware of the PC's analog interface, thus making the invention
compatible with existing hardware. Further, because the software can be implemented
as a user-loadable addition to the operating system, it is completely independent of the
application program. Therefore, there should be no compatibility problems because
there is no need to modify the application code. As is well known, a computer's
operating system is stored on a computer readable storage medium such as a hard drive
or semiconductor memory (e.g., DRAM). Accordingly, the addition to the operating
system according to the present invention would also be so-stored.

The invention can also be applied to situations when a digital display and an analog
display are used at the same time. The colour information on the analog display is made
to match that of the digital display using the look up table, thus making the two displays
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The above description of a preferred embodiment of the present invention refers to
a 4096 colour digital display and a standard PC (VGA) purely as an example. The
invention is applicable to any video sub-system and any digital display where the digital

display is unable to display the full range of colours provided by the video sub-system.
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érranéed In ascendimg order in said.table. 3. The apparatus of claim?2

wherein said one_output value is selected to be the laput_value of said

plurality of adj Audfect; 1 whi ch provides t JEHIS SHEENMASBPEN:
respect to the ot IMps of said plurality jof inpgpiagEpues. 4.
The apparatus of (i conprising a cali bret+en Ltting

said one output value in said |ook up table by displaying colours on said
digital display unit corresponding t&JedB¥Sof said plurality of adjacent

i nput val ues sAn taalogaintsitice Capafudhse€dr dAViRAg O dSdiall diPIA ifitUShidJappard kP ut
Teans. comprising:

a colour palette means for storing colour signals for driving said digital display
unit; and =

a look up table means for storing colour signals for driving said digital display unit
and for supplying said colour signals to said colour palette means, said look up table
including means for interrupting write operations to said colour paleite means by
receiving as inputs colour signals of said write operations and providing as outputs
colour signals having a resolution matching that of said digital display unit.
2.  The apparatus of claim 1 wherein, for each primary colour, said look up table
stores one output value for a plurality of adjacent input values when said input values are
arranged in ascending order in said table.
3.  The apparatus of claim 2 wherein said one output value is selected to be the input
value of said plurality of adjacent input values which provides the least noise with
respect to the other input values of said plurality of input values.
4.  The apparatus of claim 3 further comprising a calibration means for setting said
one output value in said look up table by displaying colours on said digital display unit
corresponding to each of said plurality of adjacent input values so that a user can select
one of said colours using an input means. |
5.  The apparatus of claim 1 wherein said means for interrupting is implemented in
software as an addition to the operating system.
6. The apparatus of claim 1 wherein said means for interrupting is implemented in
software as an additional to the system firmware. _
7.  The apparatus of claims 5 or 6 wherein said additional system is a Terminate and
Stay Resident program.
8. A computer system having the analog interface apparatus as claimed in any
preceding claim, said computer system further comprising a processor, a bus and a
memory means. '
9. A computer program stored on a storage medium readable by a computer, said
program comprising:

means for recognizing a write operation to a colour palette unit of an analog
display interface;

means for intercepting said write operation, taking colour information contained in
said write operation and substituting therefor other colour information having a
resolution matching that of a digital display unit driven by said analog display interface.
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5. The apparatus of claim1 wherein said neans for interrupting.t

I npl emrented in software as an addition to the oper tm[g]sagslfems BEEN
The apparatus of claim 1l wherein said nmeans for int rruptﬂE]:g_Alcgal rrpl €

in software as an additional to the sys§em firmar & Fre—

nt ed

apparatus of clains 5 or 6 wherein said addition system is a Terminate and

St ay Resigilgnt rogram

e computer program of claim 9 wherein said program is an addition to the

operating system of said computer.

11. The computer program of claim 9 wherein said program is a Terminate and Stay

Resident program.

12. The computer program of claim 9 further comprising calibration means for setting

values of said other colour information using a feedback routine.

13. A method of selecting colour information for a colour palette unit of an analog

display interface for driving a digital display unit, comprising steps of:
detecting a write operation to said colour palette unit;

intercepting said write operation, taking colour information contained in said write
operation and substituting therefor other colour information having a resolution matching

that of said digital display unit driven by said analog display interface; and

writing said other colour information into said colour palette unit for use in driving

said digital display unit.
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g 8-~ A conputer system having the analog interface apparatus as
claimed in any preceding claim said conputer system further conprising a
processor, a bus and a menory means. 9. A conput er program stored on
a storage nedi umreadable by a conmputdf) said program conprising:

DIGITAL DISPLAY DRIVEN BY ANALOG INTERFACE

WITH REDUCED NOISE
ABSTRACT

An analog interface apparatus for driving a digital display unit, said apparatus
comprising: a colour palette means for storing colour signals for driving said digital
display unit; and a look up table means (22) for storing colour signals for driving said
digital display unit and for supplying said colour signals to said coloﬁr palette means (2),
said- look up table (22) including means for interrupting write operations to said colour
palette means (2) by receiving as inputs colour signals of said write operations and
providing as outputs colour signals having a resolution matching that of said digital

display unit,

FIG. 2
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anal og displ ay nt erface means for | rﬂEe[MEEMENTgSBEETd wite 4
operation, taki ?BffenReplamlt i on contai ne f eration and
substituti ng ther our infornatio ected by a
user to thus pro on matching th pl ay unit
driven by said anal og display Interface. 10. ogr am of
claim9 wherein said programis an addDLlAIMSO the operati ng syist em of

sai d conput elr

An analog interface apparatus for drwmg a digital display unit, said apparatus
comprising: |

a colour palette means for storing colour signals for driving said digital display
~ unit; and

a look up table for storing colour signals for driving said digital display unit and
for supplying said colour signals to said colour palette means, said look up table
including means for interrupting write operations to said colour palette means by
recejving as inputs colour signals of said write operations and providing as outputs
colour signals which are preselected by a user to thus provide a resolution matching that
of said digital display unit.
2. The apparatus of claim 1 wherein, for each primary colour, said look up table
stores one output value for a plurality of adjacent input values when said input values are
arranged in ascending order in said table.
3. The apparatus of claim 2 wherein said one output value is selected to be the
input value of said plurality of adjacent input values which provides the least noise with
respect to the other input values of said plurality of input values. )
4 The apparatus of claim 3 further comprising a calibration means for setting said
one output value in said look up table by displaying colours on said digital display unit
corresponding to each of said plurality of adjacent input values so that a user can select
one of said colours using an input means.
5. The apparatus of claim 1 wherein said means for interrupting is implemented in
software as an addition to the operating system.
6. The apparatus of claim 1 wherein said means for interrupting is implemented in
software as an additional to the system firmware. '
7. The apparatus of claims 5 or 6 wherein said addition system is 2 Terminate and
Stay Resident program.
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11. The comput er program of claim9 wherei ggp@\cgwﬁgfaﬁﬂfﬂ %i Term nate
and St ay Resi dent m{sgggemgsgeég&eplaced The conputjer, chatm 9 further

.conpri sing callbratl settlng val Ue i ol our
i nformation using a A rref‘ﬁ cti ng col our:
i nformation for aco n|t of1§n antal |o rface for

driving a digital display un|t conpri si ng ste s of: qgtecti ng a

wite operatjon to, said col our pal et uni t ' [1Tnhg_ said

write operat$on, tAEOREUEDS WWM&F 0g JR %@Haﬁt@aﬁdgmedgm any
preceding claim, said computer system further comprising 2 processor, a bus and a

memory mearns.

9. A computer program stored on & storage medium readable by a computer, said
program comprising:

means for recognizing a write operation to a colour palette unit of an analog
display interface;

means for intercepting said write operation, taking colour information contained
in said write operation and substituting therefor other colour information which are
preselected by a user to thus provide a resolution matching that of & digital display unit
driven by said analog display interface. |
10. The computer program of claim 9 wherein said program is an addition to the
operating system of said computer.
11. The computer progtam of claim 9 wherein said program is a Terminate and Stay
Resident program. |
12. The computer program of claim 9 further comprising calibration means for
setting values of said other colour information using a feedback routine, )
13. A method of selecting colour information for a colour palette unit of an analog
display interface for driving a digital display unit, comprising steps of:

detecting a write operation to said colour palette unit:

intercepting said write operation, taking colour information contained in said
write operation and substituting therefor other colour information which is preselected by
a user to thus provide a resolution matching that of said digital display unit driven by
said analog display interface; and |

writing said other colour information.into said colour palette unit for use in

driving said digital display unit.
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CLAIMS

1. An analog interface apparatus for driving a digital display unit, said apparatus

comprising:

a colour palette means for storing colour signals for driving said digital display
unit; and

a look up table for storing colour signals for driving said digital display unit and
for supplying said colour signals to said colour palette means, said look up table
including means for interrupting write operations to said colour palette means by
receiving as inputs colour signals of said write operations and providi.r.lg as outputs
colour signals which are preselected by a user to thus provide a resolution matching that
of said digital display unit.
2. The apparatus of claim 1 wherein, for each primary colour, said look up table
stores one output value for a plurality of adjacent input values when said input values are
arranged in ascending order in said table.
3. The apparatus of claim 2 wherein said one output value is selected to be the
input value of said plurality of adjacent input values which provides the least noise with
respect to the other input values of said plurality of input values.
4, The apparatus of claim 3 further comprising a calibration means for setting said
one output value in said look up table by displaying coloérs on said digital display unit
corresponding to each of said plurality of adjacent input vélues so that a user can select
one of said colours using an input meéns.
3. The apparatus of claim 1 wherein said means for intérrupting is implemented in

software as an addition to the operating system.

709.7@;_«57

"yvr—'ite, operation and substituting therefor other colour information V\A?Jc |
presel ected by a user to thus provide a resolytion matching that off

display unit driven by said anal og dis%mﬂ d
witing said other colour information into saig “ufit for

in driving said digital display unit.
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6. The apparatus of claim 1 wherein said means for interrupting is implemented in _

software as an additional to the system firmware.
7. The apparatus of claims 5 or 6 wherein said addition system is a Terminate and

Stay Resident program. T
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8. A computer system having the analog interface apparatus as claimed in any
preceding claim, said computer system further comprising a processor, a bus and a
memory means.
9. A computer program stored on a storage medium readable by a computer, said
program comprising: |

means for recognizing a write operation to a colour palette unit of an analog
display interface;

means for intercepting said write operation, taking colour information contained
in said write operation and substituting therefor other colour information which are
preselected by a user to thus provide a resolution matching that of a digital display unit
driven by said analog display interface.
10. The computer program of claim 9 wherein said program is an addition to the

operating system of said computer.

11. The computer program of claim 9 wherein said program is a Terminate and Stay
Resident program.
12. The computer program of claim 9 further comprising calibration means for

setting values of said other colour information using a feedback routine.
13. A method of selecting colour information for a colour palette unit of an analog
display interface for driving a digital display unit, comprising steps of:

detecting a write operation to said colour palette unit:

intercepting said write operation, taking colour information contained in said
write operation and substituting therefor other colour information which is preselected by
a user to thus provide a resolution matching that of said digital display unit driven by
said analog display interface; and

. writing said other colour information into said colour palette unit for use in

driving said digital display unit.
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