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(7) ABSTRACT

A system measures the color output of a computer monitor
by using predetermined phosphor characteristics of the
monitor that are stored in monitor memory. The relationship
between beam current and pixel values is then determined
and stored in computer memory. When a color output
measurement is taken, the average pixel values are deter-
mined. The beam currents associated with the average pixel
values are then accessed from the computer memory and
multiplied by the phosphor characteristics to obtain an
accurate color output measurement.
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SYSTEM AND METHOD FOR MEASURING
THE COLOR OUTPUT OF A COMPUTER
MONITOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates generally to computer display
monitors and relates more particularly to a system and
method for accurately measuring the color output of a
computer monitor.

2. Description of the Background Art

Accurate measurement of color displays is a significant
consideration for manufacturers, designers, and users of
computer devices. When computer users send images to a
printer device, it becomes important to accurately specify
individual colors so that the resulting printed material
exactly matches the colors shown on the computer monitor
screen. Further, when image data from one display monitor
is displayed on a different monitor, the image data may be
displayed with different colors because of the type of com-
puter monitor, the video display circuitry, and various other
related factors.

Conventionally, to obtain a measurement of the color
output of a computer monitor, a system user has to select a
sufficiently large area on the computer monitor screen, or
enlarge a smaller area of the computer monitor screen, and
then position a photometer device to sense the selected area
of the monitor screen. This method is both time-consuming
and cumbersome. An easier and faster, but potentially less
accurate method uses a software routine to determine the
color output of the computer monitor. After the user selects
an area of the computer monitor screen for measurement, the
software routine uses a lookup table to estimate what the
color output should be, based on monitor parameters (for
example model or type) entered by the system user.

While this software method is slightly more convenient
when compared to the previous method (because a separate
external device like a photometer is not required), it is still
relatively inconvenient to the system user because it requires
the system user to correctly enter the relevant monitor
parameters. Further, this method may be inaccurate because
it depends on a predetermined estimate of color output,
based on the computer monitor parameters.

Additionally, without correct color output measurements,
printer devices may have difficulty printing accurate colors
based solely on a picture from a computer. Intermediate
proofs may be required to verify the accuracy of the colors,
and special inks may have to be formulated manually. These
procedures are both likely time-consuming and expensive.
Therefore, for all the foregoing reasons, an improved system
and method are needed to measure the color output of a
computer monitor, in accordance with the present invention.

SUMMARY OF THE INVENTION

In accordance with the present invention, a system and
method are disclosed for accurately measuring the color
output of a computer monitor. This invention accurately
measures the color output by using factory-calibrated phos-
phor characteristics (phosphor characteristics determine the
amount of displayed color per ampere of beam current), and
then developing a correlation between beam current in the
monitor and pixel values. The invention is composed of a
system and method that establishes the relationship between
beam current and pixel values; accesses the factory-
calibrated phosphor characteristics; determines the beam
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current in the display based on the pixel values of an area of
the computer screen selected by the system user; and mul-
tiplies the beam current by the phosphor characteristics to
yield an accurate measurement of the color output. An
additional function of the system and method is to yield an
accurate Pantone Color simulation of the color output by
searching a database of PANTONE colors.

In the preferred embodiment of the present invention, a
calibration routine first creates a lookup table. In practice,
the system first calibrates the monitor so that a pixel value
of zero results in a beam current of zero. Second, the system
then generates a flat white field on the monitor display and
then measures the red, green and blue pixel values and the
associated red, green, and blue beam currents. Third, the
system then generates a gray field on the computer monitor
screen and again measures the red, green, and blue pixel
values and the associated beam currents. Creating a graph
with pixel values on the X axs and beam current on the y
axis, two data points can be plotted for each color (one point
measured when the flat white field was generated, and one
point measured when the gray field was generated). From
these two data points (beam current plotted against pixel
value) for each color, exponential curves may be created to
provide a beam current corresponding to each pixel value.
Separate exponential curves are generated for each color to
yield red beam current measurements for red pixels; green
beam current measurements for green pixels; and blue beam
current measurements for blue pixels. These beam current
and pixel values are then stored into a lookup table for future
reference.

In the next step, the user selects an area of the computer
monitor screen to be analyzed. To select the area, the user
first places the cursor over a selected pixel on the computer
monitor. This then becomes the origin pixel. The user next
selects an aperture size. The aperture size is a measure of the
area surrounding (and including) the origin pixel. In the
preferred embodiment, the aperture size ranges from one
pixel, in which case only the origin pixel will be measured,
to thirteen-by-thirteen pixels. The system next separately
averages the red, green, and blue pixel values in the user-
specified aperture area. Each pixel value has a red, green,
and blue component. So, for example, the average red pixel
value consists of the sum of the red components of each
pixel in the selected area divided by the total number of
pixels in the selected area. This averaging procedure is
repeated for the green and blue pixel values.

The system next determines the beam current associated
with the average red, green, and blue pixel values, by
referring to the predetermined lookup table. The system then
fetches the phosphor characteristics internally stored in the
monitor’s memory and multiplies the phosphor characteris-
tics by the beam current previously determined for each
color. The results are then converted into a user-specified
format and displayed. Formats supported preferably include
RGB, CIE 1931, CIE 1976, CIE L*a*b*, and Thstimulus
color spaces.

In addition, the above results may then be matched to a
PANTONE Color. In the preferred embodiment, the present
invention performs a search through a PANTONE Color
database to determine the closest matches. The three closest
matches are preferably then displayed on the computer
monitor. PANTONE Colors are useful because they are a
reference standard. They allow the user to specify the
specific color to be used in a printer device, and by having
an accurate PANTONE Color, the correct color can be
specified directly to the printer device. Therefore, there is no
need for preparing intermediate proofs, or for manually
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formulating ink. Accordingly, the present invention more
accurately and efficiently measures the color output of a
computer display.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of one embodiment for a
computer system, in accordance with the present invention;

FIG. 2 is a block diagram of one embodiment of the
memory shown in FIG. 1;

FIG. 3 is a block diagram showing one embodiment for
the Electrically-Erasable Programmable Read-Only
Memory (EEPROM) located in the monitor of FIG. 1;

FIG. 4 is a block diagram of one embodiment for the
lookup table shown in FIG. 2;

FIG. 5 is a flowchart of preferred method steps for
creating the lookup table of FIG. 4;

FIG. 6 is a graph showing an exponential relationship
between beam currents and pixel values, according to the
present invention;

FIG. 7 is a flowchart of preferred method steps for
measuring the color output of a computer monitor, according
to the present invention; and

FIG. 8 is a drawing of the preferred embodiment of a
monitor screen, according to the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

The present invention relates to an improvement in mea-
suring the color output of a computer display. The following
description is presented to enable one of ordinary skill in the
art to make and use the invention, and is provided in the
context of a patent application and its requirements. Various
modifications to the preferred embodiment will be readily
apparent to those skilled in the art and the generic principles
herein may be applied to other embodiments. Thus, the
present invention is not intended to be limited to the embodi-
ment shown, but is to be accorded the widest scope consis-
tent with the principles and features described herein.

The invention measures color output of a computer moni-
tor by using predetermined phosphor characteristics of the
monitor. The phosphor characteristics (amount of displayed
color per ampere of beam current) are stored in monitor
memory. The relationship between beam current and pixel
values is then determined and stored in computer memory.
When a color output measurement is taken, the average pixel
values of a selected display area are determined. The beam
currents associated with the average pixel values are then
accessed from the computer memory and multiplied by the
phosphor characteristics to obtain an accurate color output
measurement. Further, a database of PANTONE Colors may
be searched, and the closest matches may then be displayed.

Referring now to FIG. 1, a block diagram of a computer
system 101 is shown, according to the present invention. In
the preferred embodiment, the computer system 101 pref-
erably includes a Central Processing Unit (CPU) 111, a
monitor 112, a keyboard 114, memory 115, and an input and
output interface (I/0) 116. CPU 111, monitor 112, keyboard
114, memory 115, and input and output interface 116 are all
connected by system bus 117, as shown in FIG. 1. The
monitor 112 also contains Electrically-Erasable Program-
mable Read-Only Memory (EEPROM) 113. Memory 115
may comprise a hard disk drive, random access memory
(RAM) or any other compatible and appropriate memory
configuration.

Referring now to FIG. 2, a drawing of a preferred embodi-
ment for memory 1185 is shown. The memory 115 preferably
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4

includes values for the pixels (“pixel values”) 211 that are
currently displayed on the monitor 112. Also located in the
memory 115 is the digital colormeter software 212 which
performs the color output measurement, in accordance with
the present invention; a lookup table 213 which contains a
list of pixel values and the corresponding beam currents
required to produce those pixel values; a calibration routine
214 which creates the lookup table 213; and a PANTONE
Color database 215 which. contains the specifications of all
colors in the PANTONE Color library. The operation and
functionality of the digital colormeter software 212 is further
discussed below in conjunction with FIG. 7. Calibration
routine 214 is further discussed below in conjunction with
FIG. 5.

Referring now to FIG. 3, a drawing of one embodiment
for the EEPROM 113 is shown. The EEPROM 113 prefer-
ably includes an array 311 of nine values that represent the
specific phosphor characteristics of the monitor 112. In
practice, the internal face of a computer display screen is
typically coated with phosphors and an electron beam is then
deflected across this phosphor-coated internal face. The
electron beam thus strikes the phosphor-coated internal face
and causes the phosphor to produce colored light. In the
preferred embodiment, these phosphor characteristics are
determined during manufacture of the monitor 112, and the
phosphor characteristics are then stored into the EEPROM
113. The foregoing phosphor characteristics are preferably a
measure of the amount of displayed color output from
monitor 112 per ampere of beam current.

The color output of monitor 112 is determined according
to the CIE color model developed by the Commission
Internationale de 1’Eclairage (International Commission on
[lumination) committee. The CIE model is based on human
visual perception and regarded as an accurate means of
measuring color. In the preferred embodiment, the array 311
contains the values of CIE X, Y, and Z per ampere of beam
current for the respective colors red, green and blue. So,
Ry, is the amount Red CIE X per ampere; Ry, is the
amount of Red CIE Y per ampere; and R, is the amount of
Red CIE Z per ampere. Gy, is the amount of Green CIE X
per ampere; Gy, is the amount of Green CIE Y per ampere;
and G, is the amount of Green CIE Z per ampere. By, is
the amount of Blue CIE X per ampere; By, is the amount
of Blue CIE Y per ampere; and B, , is the amount of Blue
CIE Z per ampere.

Referring now to FIG. 4, a drawing of one embodiment
for the lookup table 213 is shown. Each pixel value of
monitor 112 has a red, green, and blue component. The
lookup table 213 preferably contains a list of all the red,
green and blue components of pixel values and the corre-
sponding beam currents required to generate those compo-
nent pixel values. For example, calculated R beam current 1
(412) is required to produce red pixel value 1 (411). This
lookup table 213 is created by calibration routine 214
detailed below in conjunction with FIG. §.

Referring now to FIG. 5, a flowchart of preferred method
steps for creating a lookup table 213 is shown, in accordance
with the present invention. In step 512, calibration routine
214 calibrates the monitor 112 so that pixel values of zero
for individual colors red, green, and blue yield red, green,
and blue beam currents of zero amperes in the computer
monitor 112. In step 513, calibration routine 214 generates
a flat white field on the monitor 112. In step 514, calibration
routine 214 then measures the individual red, green, and
blue pixel values and their associated red, green and blue
beam currents.

Next, in step 5185, calibration routine 214 generates a gray
field on the monitor 112. In step 516, calibration routine 214
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again measures the red, green, and blue pixel values and
their associated red, green, and blue beam currents in
computer monitor 112. Creating a graph with pixel values on
the x axis and beam current on the y axis, two data points
(one corresponding to the foregoing white field and one
corresponding for the gray field) can be plotted for each
color using the pixel values and beam currents measured in
steps 514 and 516. From the foregoing two data points for
each color (beam currents plotted against pixel values), an
exponent is calculated in step 517, as discussed below in
conjunction with FIG. 6. In step 518, the calibration routine
214 generates the lookup table 213. The lookup table 213 is
generated by calculating the expected beam current for each
and every pixel value based on the exponential curve 613 in
FIG. 6 calculated for each color in step 517. This is done
individually for red, green, and blue colors. Therefore, the
lookup table will contain a list of red, green and blue beam
currents for all possible red, green and blue pixel values.
While the FIG. 5 method is used in the preferred
embodiment, other methods for generating the lookup table
213 are equally feasible. For instance, instead of using only
two data points (beam currents plotted against pixel values)
per color to generate an exponent, any number of data
points, up to and including all data points, could be used to
further increase the accuracy of the lookup table, albeit at the
sacrifice of process speed.

Referring now to FIG. 6, graph 601 shows an exponential
curve 613 with the pixel values, displayed on the x axis and
beam currents displayed on the y axis, according to the
current invention. Two data points 611 and 612 are shown
located on exponential curve 613. These two data points 611
and 612 were measured in foregoing steps 514 and 516 of
FIG. 5 above. D1 and D2 (614 and 615, respectively)
represent the pixel values for one color (for example, red) as
measured in foregoing steps 514 and 516. I, and I, (616 and
617, respectively) represent the corresponding beam cur-
rents measured when pixel values D1 and D2 (614 and 615)
were displayed in steps 514 and 516. In the preferred
embodiment, an exponent is then calculated by calibration
routine 214 (in step 517 of FIG. 5) as the log of (I,/1,)
divided by the log of ((D,/D,), since beam current is equal
to pixel value raised to this exponent as shown by curve 611
of graph 601. Calibration routine 214 then preferably repeats
step 517 of FIG. § to calculate an exponent for the remaining
colors (for example green and blue).

Referring now to FIG. 7, a flowchart of preferred method
steps for measuring the color output of a computer monitor
112 is shown. In step 712, the system user identifies the area
of the monitor 112 to be measured. In the preferred
embodiment, the system user typically uses a mouse or other
input device to place a cursor over a selected pixel on the
screen of computer monitor 112, as shown below in FIG. 8.
Next, the system user selects an aperture size to determine
a measurement area around the selected cursor.

In the preferred embodiment, the aperture size can vary
from one pixel, in which case only the origin pixel (the pixel
on which the cursor is centered) will be measured, to an area
that is thirteen-by-thirteen pixels (six pixels to the left, right,
top and bottom of the origin pixel). The aperture size
preferably increases in odd increments so that the origin
pixel remains centered, otherwise the aperture window
would have to shift in order to avoid averaging fractional
pixels. While the preferred embodiment of the invention
currently limits the aperture window to thirteen-by-thirteen
pixels, other embodiments may readily allow larger aperture
windows.

In step 713, the digital colormeter software 212 separately
averages the red, green, and blue pixel values for the red,
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green, and blue colors displayed in the area selected on
monitor 112 during foregoing step 712. Each pixel value has
a red, green and blue component. To find the average pixel
value for each color, the digital colormeter software 212 first
separates and then totals the individual red, green, and blue
components of each pixel value 211 from the area identified
by the user in step 712.

The digital colormeter software 212 then divides each of
the red, green and blue component totals by the number of
pixels in the area identified in step 712 thereby yielding
average red, green, and blue pixel values. In step 714, the
digital colormeter software 212 accesses the lookup table
213 to find the red, green, and blue beam currents associated
with the average red, green, and blue pixel values calculated
in step 713. In step 7185, the digital colormeter software 212
fetches the phosphor characteristics 311 from the EEPROM
1 13 located in monitor 112.

In step 716, the digital colormeter software 212 calculates
values for X, Y, and Z_. These values, X, Y, and Z, are
in a Tristimulus color space format. X is equal to the total
of Blue X, Red X, and Green X. Blue X is equal to By,
from the Array 311 in EEPROM 113, multiplied by the blue
beam current determined during step 714. Red X is equal to
Ry, from the Array 311 in EEPROM 113, multiplied by the
red beam current determined in step 714. Green X is equal
to Gy, from the Array 311 in EEPROM 113, multiplied by
the green beam current determined in step 714.

Similarly, Y is equal to the total of Blue Y, Red Y, and
Green Y. Blue Y is equal to By, from the Array 311 in
EEPROM 113, multiplied by the blue beam current deter-
mined in step 714. Red Y is equal to Ry, from the Array
311 in EEPROM 113, multiplied by the red beam current
determined in step 714. Green Y is equal to Gy,,, from the
Array 311 in EEPROM 113, multiplied by the green beam
current determined in step 714.

Further, Z. is equal to the total of Blue Z, Red Z, and
Green Z. Blue Z is equal to B, from the Array 311 in
EEPROM 113, multiplied by the blue beam current deter-
mined in step 714. Red Zis equal to R, from the Array 311
in EEPROM 113, multiplied by the red beam current deter-
mined in step 714. Green Z is equal to G, from the Array
311 in EEPROM 113, multiplied by the green beam current
determined in step 714.

In an alternative embodiment of above-mentioned steps
713 through 716 of FIG. 7, the digital colormeter software
212 first individually converts each pixel in the user-
specified area of monitor 112 into its separate X, Y, and
Z. components using steps 714 through 716 of FIG. 7. The
digital colormeter software 212 next separately averages the
Xeo» Yo, and Z. components of each pixel in the user-
specified area. So, for example, the average X value in the
user-specified area is equal to the sum of all the X com-
ponents of the pixels in the user-specified area divided by the
number of pixels in the user-specified area. This averaging
procedure is repeated for the Y and Z_. components of the
pixels in the user-specified area of monitor 112. The digital
colormeter software 212 then continues with step 717 as
described below. While this alternative embodiment yields
slightly more accurate results, it requires more computa-
tional power than the preferred embodiment, therefore caus-
ing the digital colormeter software 212 to execute slower.

In step 717, the digital colormeter software 212 either
displays the Tristimulus values X, Y, and Z.. calculated in
step 716 on the computer monitor 112, or converts the
Tristimulus values X, Y, and Z. to another color space
format using well known equations and then displays the
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converted color space values on monitor 112. Color space
formats supported include RGB (the original format of the
pixel values 211 as stored in memory 115); CIE 1931; CIE
1976; CIE L*a*b*; and Tristimulus values. While the pre-
ferred embodiment only displays color measurements in
these formats, other formats are equally envisioned for use
by this invention.

In step 718, digital colormeter software 212 searches the
PANTONE Color Database 215 in Memory 115. While the
preferred embodiment contains only a PANITNE Color
Database, other embodiments may readily include databases
for other color reference standards, such as TruMatch™.
Values in the PANTONE Color Database 215 are matched to
the Tristimulus values determined in step 716. The three
closest matches are then displayed on the monitor 112.

Referring now to FIG. 8, a drawing of the preferred
embodiment of a monitor screen 801 is shown, according to
the present invention. To identify an area of the monitor
screen 801 to be measured, the system user preferably
positions cursor 811 to identify the origin pixel as described
above in conjunction with step 712 of FIG. 7. Aperture
window 813 shows an enhanced view of the origin pixel and
the identified area surrounding the origin pixel.

Next, the system user moves aperture size control 812 to
the left or right to systematically decrease or increase the
identified area around (and including) the origin pixel indi-
cated by cursor 811. Changes in the size of the identified area
are indicated graphically by a size increase or decrease of
select box 814 in aperture window 813. As aperture size
control 812 is moved to the right by the system user to
increase the identified area, select box 814 increases in area
around the origin pixel. As aperture size control 812 is
moved to the left by the system user to decrease the size of
the identified area, select box 814 decreases in size. Window
815 shows the averaged color output of the identified area,
as determined in step 713 of FIG. 7.

To change the format of the color output measurement,
the system user preferably selects one of buttons 816. The
color output measurements in the format specified by one of
the selected buttons 816 are then displayed in windows 817.
Pantone Color simulation results from step 718 of FIG. 7 are
displayed in dialog box 818. Dialog box 818 preferably
includes the four windows 819, 820, 821 and 822. Window
819 displays the averaged color as determined in step 713 of
FIG. 7. Window 819 thus shows the same color as displayed
in window 815. Windows 820, 821, and 822 display the
three closest Pantone Color simulations, as determined in
step 718 of FIG. 7. Immediately above windows 820, 821
and 822, the names of the respective colors, according to the
PANTONE Color database 2185, are displayed. Immediately
below windows 820, 821, and 822, a value for each respec-
tive color is displayed. These values located below windows
820, 821, and 822 are a measure of the accuracy of the
Pantone Color simulation performed in step 718 of FIG. 7.

The invention has been explained above with reference to
a preferred embodiment. Other embodiments will be appar-
ent to those skilled in the art in light of this disclosure. For
example, the present invention may readily be implemented
using configurations other than those described in the pre-
ferred embodiment above. Additionally, the present inven-
tion may effectively be used in conjunction with systems
other than the one described above as the preferred embodi-
ment. For instance, the color output of a television or various
other display devices could be similarly measured by the
present invention. Therefore, these and other variations upon
the preferred embodiments are intended to be covered by the
present invention, which is limited only by the appended
claims.
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What is claimed is:
1. A method for measuring color output of a monitor,
comprising the steps of:

determining monitor phosphor characteristics corre-
sponding to said monitor;

generating a lookup table containing a beam current entry
for every pixel value entry,

identifying a measurement area smaller than a display
arca on said monitor;

separately averaging said red, green, and blue pixel values
in said measurement area;

determining beam currents associated with red, green, and
blue pixel values displayed in said measurement area;

calculating color values for said measurement area by
using said monitor phosphor characteristics; and

converting said color values into a user-specified format
and displaying said user-specified format.
2. A method for measuring color output of a monitor,
comprising the steps of:

determining monitor phosphor characteristics corre-
sponding to said monitor;

generating a lookup table containing at least one pixel

value entry and a beam current entry for every pixel

value entry, including at least the steps of

calibrating said monitor so that a pixel value of zero
results in a beam current measurement of zero
amperes,

measuring a beam current for said every pixel value
entry, and

storing said every pixel value entry and said beam
current entry in said lookup table;

identifying a measurement area on said monitor;

separately averaging red, green, and blue pixel values in
said measurement area;

determining beam currents associated with red, green, and
blue pixel values displayed in said measurement area;
calculating color values for said measurement area by
using said monitor phosphor characteristics; and
converting said color values into a user-specified format
and displaying said user-specified format.
3. A method for measuring color output of a monitor,
comprising the steps of:
determining monitor phosphor characteristics corre-
sponding to said monitor,
generating a lookup table containing a beam current entry
for every pixel value entry, including at least the steps
of
calibrating said monitor so that a pixel value of zero
results in a beam current measurement of zero
amperes,
generating a flat white field on said monitor,
measuring a first set of red, green and blue pixel values,
measuring a first set of beam currents associated with
said first set of red, green, and blue pixel values,
generating a gray field on said monitor,
measuring a second set of red, green and blue pixel
values,
measuring a second set of beam currents associated
with said second set of red, green, and blue pixel
values,
determining a relationship between pixel values and
beam currents using said first and second sets of
beam currents and said first and second sets of red,
green, and blue pixel values, and
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generating said lookup table for red, green, and blue
pixel values based on said relationships;
identifying a measurement area on said monitor;
separately averaging red, green, and blue pixel values in
said measurement area;
determining beam currents associated with red, green, and
blue pixel values displayed in said measurement area;
calculating color values for said measurement area by
using said monitor phosphor characteristics; and

converting said color values into a user-specified format
and displaying said user-specified format.

4. The method of claim 1, wherein said step of averaging
further comprises the steps of:

converting each red, green and blue pixel value in said

measurement area into a tristimulus format; and
averaging said converted red, green, and blue pixel val-
ues.

5. A system for measuring color output of a monitor,
comprising:

amemory device, coupled to said monitor, including pixel

values and a digital colormeter module; and

a processor coupled to said memory device for measuring

said color output of said monitor based on said pixel
values by executing said digital colormeter module
wherein said digital colormeter module determines an
average pixel value of a measurement area that is a
smaller than a display area on said monitor.

6. The system of claim 5, wherein said monitor further
comprises an Electrically-Erasable Programmable Read-
Only Memory, said Electrically-Erasable Programmable
Read-Only Memory comprising an array of phosphor char-
acteristics of said monitor.

7. The system of claim 6, wherein said memory device
includes a color database and said digital colormeter module
further includes instructions for matching said color output
to said color database.

8. The system of claim 6, wherein said digital colormeter
module further includes instructions for converting said
color output into a user-specified format and displaying said
user-specified format.

9. A computer-readable medium storing instructions for
causing a computer to perform the steps of:

identifying a measurement area that is smaller than a

display area of a monitor,

determining average red, green and blue pixel values of

said measurement area of said monitor;

determining beam currents associated with said average

red, green and blue pixel values;

loading phosphor characteristics of said monitor into

computer memory; and

calculating color output of said measurement area by

using said phosphor characteristics of said computer
monitor and said beam currents associated with said
average red, green, and blue pixel values.

10. A computer-readable medium storing instructions for
causing a computer to perform the steps of:

identifying a measurement area of a monitor;

determining average red, green and blue pixel values of

said measurement area;

determining beam currents associated with said average

red, green and blue pixel values;

loading phosphor characteristics of said monitor into

computer memory; and

calculating color output of said measurement area by

using said phosphor characteristics monitor and said
beam currents; and
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searching a color database to match said color output and

displaying a set of three closest matches.

11. The computer-readable medium of claim 9, further
causing said computer to perform the step of generating a
lookup table containing a beam current entity for every pixel
value entry.

12. A computer-readable medium storing instructions for
causing a computer to perform the steps of:

identifying a measurement area of a monitor;

determining average red, green and blue pixel values of

said measurement area of said monitor;

determining beam currents associated with said average

red, green and blue pixel values;

loading phosphor characteristics of said monitor into

computer memory;

calculating color output of said measurement area by

using said phosphor characteristics and said beam
currents; and

generating a lookup table containing a beam current entry

for every pixel value entry, by

calibrating said computer monitor so that a pixel value
of zero results in a beam current measurement of
Zero amperes;

measuring red, green, and blue beam currents for each
of said red, green, and blue pixel values; and

storing said red, green, and blue pixel values and beam
current values in said lookup table.

13. A computer-readable medium storing instructions for
causing a computer to perform the steps of:

identifying a measurement area of a monitor;

determining average red, green and blue pixel values of

said measurement area of said monitor;

determining beam currents associated with said average

red, green and blue pixel values;

loading phosphor characteristics of said monitor into

computer memory;

calculating color output of said measurement area by

using said phosphor characteristics and said beam
currents; and

generating a lookup table containing a beam current entry

for every pixel value entry by at least the steps of

calibrating said monitor so that a pixel value of zero
results in a beam current measurement of zero
amperes;

generating a flat white field on said monitor;

measuring a first set of red, green and blue pixel values;

measuring a first set of beam currents associated with
said first set of red, green, and blue pixel values;

generating a gray field on said monitor;

measuring a second set of red, green and blue pixel
values;

measuring a second set of beam currents associated
with said second set of red, green, and blue pixel
values;

determining a relationship between pixel values and
beam currents using said first and second sets of
beam currents and said first and second sets of red,
green, and blue pixel values; and

generating said lookup table for red, green, and blue
pixel values based on said relationship.

14. A computer-readable medium storing instructions for
causing a computer to perform the steps of:

identifying a measurement area that is smaller than a

display area of a monitor;

determining average red, green and blue pixel values of

said measurement area of said monitor;
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determining beam currants associated with red, green and
blue pixel values in said measurement area;

loading an array of phospbor characteristics of said com-
puter monitor into computer memory; and

calculating color output of said red, green, and blue pixel
values in said measurement area by using said phos-
phor characteristics of said computer monitor and said
beam currents associated with said red, green, and blue
pixel values.
15. A method for measuring color output of a monitor,
comprising the steps of:

determining monitor phosphor characteristics corre-
sponding to said monitor;

generating a lookup table containing a beam current entry
for every pixel value entry;

identifying a measurement area on said monitor;

separately averaging a red, green, and blue pixel values in
said measurement area;

determining beam currents associated with red, green, and
blue pixel values displayed in said measurement area;

calculating color values for said measurement area by
using said monitor phosphor characteristics;

converting said color values into a user-specified format
and displaying said user-specified format; and

searching a color database to match a color output and

displaying a set of three closest matches.

16. The computer readable memory of claim 1 wherein
the loading step loads phosphor characteristics from monitor
memory.

17. The method of claim 1 further comprising the step of
retrieving phosphor characteristics stored on a computer
readable memory during a prior calibration.

18. The method of claim 1 further comprising the step of
retrieving phosphor characteristics stored on a read only
computer readable memory.

19. The method of claim 1 further comprising the step of
retrieving phosphor characteristics from monitor memory
and storing the phosphor characteristics in computer
memory.

20. A system for measuring color output of a monitor,
comprising:

amemory device, coupled to said monitor, including pixel

values and a digital colormeter module and a calibra-
tion routine for creating a lookup table containing pixel
values and corresponding beam currents required to
produce said pixel values; and

a processor coupled to said memory device for measuring
said color output based on said pixel values by execut-
ing said calibration routine and said digital colormeter
module;

wherein said memory includes instructions that direct the
processor to search a database to match a color output
and display a set of three matches that are closest.

21. A system for measuring color output of a monitor,

comprising:

amemory device, coupled to said monitor, including pixel
values and a digital colormeter module and a calibra-
tion routine for creating a lookup table containing pixel
values and corresponding beam currents required to
produce said pixel values; and

a processor coupled to said memory device for measuring
said color output based on said pixel values by execut-
ing said calibration routine and said digital colormeter
module;

12

wherein said memory includes instructions for directing
the processor to determine a relationship between pixel
values and beam currents using first and second sets of
beam currents and first and second sets of red, green
5 and blue pixel values.

22. A system for measuring color output of a monitor,

comprising:

a memory device, coupled to said monitor, including pixel
values and a digital colormeter module and a calibra-
tion routine for creating a lookup table containing pixel
values and corresponding beam currents required to
produce said pixel values; and

10

a processor coupled to said memory device for measuring
said color output based on said pixel values by execut-
ing said calibration routine and said digital colormeter
module;

wherein a monitor calibration related to a pixel value of

zero results in a beam current of zero.

23. The system of claim § further comprising phosphor
characteristics stored on a computer readable memory.

24. The system of claim § further comprising phosphor
characteristics stored on a read only computer readable
memory.

25. The system of claim § further comprising phosphor
characteristics stored on monitor memory.

26. A computer-readable medium storing instructions for
causing a computer to perform the steps of:

25

determining average red, green and blue pixel values of a
measurement area identified by a user that is smaller
than a display area of a monitor;

30

determining beam currents associated with said average
red, green and blue pixel values;

loading phosphor characteristics of said monitor into

35 memory; and

calculating color output of said measurement area by
using said phosphor characteristics of said monitor and
said beam currents associated with said average red,
green, and blue pixel values.
27. A computer-readable medium for storing instructions
for causing a computer to perform the steps of:

40

determining average red, green and blue pixel values of a
measurement area of a monitor identified by a user;
determining beam currents associated with said average

red, green and blue pixel values;

45

loading phosphor characteristics of said monitor into
computer memory;

calculating color output of said measurement area by
using said phosphor characteristics of said monitor and
said beam currents associated with said average red,
green, and blue pixel values; and

searching a color database to match said color output and

displaying a set of three closest matches.

28. The computer-readable medium of claim 27, further
storing instructions for causing said computer to perform the
step of generating a lookup table containing a beam current
entry for every pixel value entry.

29. A computer-readable medium for storing instructions

0 for causing a computer to perform the steps of:

determining average red, green and blue pixel values of a
measurement area of a monitor identified by a user;

determining beam currents associated with said average

65 red, green and blue pixel values;

loading phosphor characteristics of said monitor into
computer memory;
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calculating color output of said measurement area by
using said phosphor characteristics of said monitor and
said beam currents associated with said average red,
green, and blue pixel values; and

generating a lookup table containing at least one pixel
value entry and a beam current entry for every pixel
value entry, including at least the steps of
calibrating said monitor so that a pixel value of zero
results in a beam current measurement of zero
amperes,
measuring red, green, and blue beam currents for each
of said red, green, and blue pixel values, and
storing said red, green, and blue pixel values and beam
current values in said lookup table.
30. A computer-readable medium for storing instructions
for causing a computer to perform the steps of:

determining average red, green and blue pixel values of a
measurement area of a monitor identified by a user;

determining beam currents associated with said average
red, green and blue pixel values;

loading phosphor characteristics of said monitor into
computer memory;

calculating color output of said measurement area by
using said phosphor characteristics of said monitor and
said beam currents associated with said average red,
green, and blue pixel values; and

generating a lookup table containing at least one pixel
value entry and a beam current entry for every pixel
value entry, including at least the steps of
calibrating said monitor so that a pixel value of zero
results in a beam current measurement of zero
amperes,
generating a flat white field on said monitor,
measuring a first set of red, green and blue pixel values,
measuring a first set of beam currents associated with
said first set of red, green, and blue pixel values,
generating a gray field on said monitor,
measuring a second set of red, green and blue pixel
values,
measuring a second set of beam currents associated
with said second set of red, green, and blue pixel
values,
determining a relationship between pixel values and
beam currents using said first and second sets of
beam currents and said first and second sets of red,
green, and blue pixel values, and
generating said lookup table for red, green, and blue
pixel values based on said relationship.
31. A computer-readable medium storing instructions for
causing a computer to perform the steps of:
determining beam currents associated with red, green and
blue pixel values in a measurement area that is smaller
than a display area on a monitor identified by a user;
determining average red, green and blue pixel values of
said measurement area of said monitor;
loading an array of phosphor characteristics of said moni-
tor into computer memory; and
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calculating color output of said red, green, and blue pixel
values in said measurement area by using said phos-
phor characteristics of said monitor and said beam
currents associated with said red, green, and blue pixel
values.
32. A computer-readable medium storing instructions for
causing a computer to perform the steps of:

determining beam currents associated with red, green and
blue pixel values in a measurement area on a monitor
identified by a user;

loading an array of phosphor characteristics of said moni-
tor into computer memory;

calculating color output of said red, green, and blue pixel
values in said measurement area by using said phos-
phor characteristics; and said beam currents; and

searching a database to match a color output and display-
ing a set of three matches that are closest.

33. A computer-readable medium storing instructions for

causing a computer to perform the steps of:

determining beam currents associated with red, green and
blue pixel values in a measurement area on a monitor
identified by a user;

loading an array of phosphor characteristics of said moni-

tor into computer memory;

calculating color output of said red, green, and blue pixel

values in said measurement area by using said phos-
phor characteristics of said monitor and said beam
currents associated with said red, green, and blue pixel
values; and

determining a relationship between pixel values and beam

currents using first and second sets of beam currants
and first and second sets of red, green and blue pixel
values.

34. A computer-readable medium storing instructions for
causing a computer to perform the steps of:

determining beam currents associated with red, green and

blue pixel values in a measurement area on a monitor
identified by a user;

loading an array of phosphor characteristics of said moni-

tor into computer memory; and

calculating color output of said red, green, and blue pixel

values in said measurement area by using said phos-
phor characteristics of said monitor and said beam
currents associated with said red, green, and blue pixel
values;

wherein when implementing the instructions a monitor

calibration related to a pixel value of zero results in a
beam current of zero.

35. The computer-readable memory of claim 31 wherein
the loading step loads phosphor characteristics stored on a
computer readable memory during a prior calibration.

36. The computer-readable memory of claim 31 wherein
the loading step loads phosphor characteristics stored on a
read only computer readable memory.



