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SYSTEM AND METHOD FOR ADJUSTING
THE OUTPUT OF AN OUTPUT DEVICE TO
COMPENSATE FOR AMBIENT
ILLUMINATION

CROSS-REFERENCE TO RELATED
APPLICATION

The present invention relates to pending U.S. patent
application Ser. No.: 08/036,349 filed Mar. 24, 1993,
invented by Richard D. Cappels, Sr., entitled “Method And
System Of Achieving Accurate White Point Setting Of A
CRT Display,” which is hereby incorporated herein by
reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to computer displays and more
particularly to a system and method for adjusting the output
of a computer display to compensate for ambient illumina-
tion.

2. Description of the Background Art

As computers have become cheaper and more versatile,
people have applied them to an expanding array of appli-
cations and tasks. People now use computers in many areas
where, until recently, the expense of computers was so great
as to prohibit their use. Many of these new applications
require the precise display of data on the output device
associated with the computer.

This need for precision of the data displayed on the output
device includes the accuracy of the color and intensity of the
display. Graphic artists now frequently use computers to
create designs. Graphic artists require that output devices
precisely display color so that they may observe, the final
appearance of their creation. Electrical engineers also use
computers to layout devices in their designs of integrated
circuits. In a layout, each circuit is assigned a shape and
color and is shown on the output device of the computer. The
overlap and interaction of circuits is shown by displaying the
circuits in different shades and colors. Subtle shades and
differences in color may be relevant to the ultimate validity
of a design. Thus, it is imperative that the color and intensity
of the output of an output device be accurate.

The ambient illumination in which an output device
operates affects the observed output of the output device.
The ambient illumination reflects off the glass and inside
coatings of the front glass plate of the output device and
alters the color and intensity of the output that the user
observes,

While color and intensity must be accurately displayed,
any means for achieving such accuracy must be inexpensive.
The decrease in the cost of computers is partially responsible
for their increased use. An expensive system that accurately
compensates the output of a display device would be
unavailable to many new users of computers because of cost.
Such a compensation system would increase the cost of
using computers such that the use of computers would once
again be impractical. ’

Several low cost approaches have been taken to compen-
sate accurately the color and intensity of the output of a
display device. One approach is to pre-set the display device
to compensate for a pre-determined amount of certain types
of ambient illumination. The output device may be set only
once either at the factory or at a retail outlet to compensate
for the type of ambient illumination in which the user will
operate the output device. The output device may be
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adjusted to a fixed setting if the user will operate it in
fluorescent light, adjusted to a different fixed setting if the
user will operate the output device in incandescent light, or
adjusted to some other fixed setting for another type of light
source. This approach is very inaccurate and is of little
utility. There is a broad spectrum of light that is emitted from
different light sources. Thus, having only one setting for all
fluorescent light is inadequate. This approach also does not
account for the mixture of light from different types of light
sources. Finally, this approach allows for only one setting
and cannot accommodate changes in the ambient illumina-
tion.

Another approach is to supply the user with an achromatic
card or a series of colored cards that serve as standards. This
prior art system generates colored regions on the output
device. The user holds the cards near the output device and
manually adjusts a control to modify the color and intensity
of the output of the output device. In this way, the settings
of the output device are modified to account for the ambient
illumination. A major problem with this approach is that it
is extremely difficult to adjust analog controls to control the
color and intensity with the necessary accuracy.
Furthermore, such an approach only allows for one setting
that is not recorded. If a certain ambient illumination exists
for a certain period of time, it is not possible to record a
setting so that the user may return to a prior setting when the
ambient illumination returns to a previous state. Finally,
since the setting is not recorded, is not possible to return to
a sefting if it should be inadvertently modified or should
drift.

Therefore, a system and method is needed to compensate
accurately the output of a display device to account for
ambient illumination. Such a system needs to calculate the
proper setting and to save the setting quickly and automati-
cally The system also should not add significantly to the cost
of the display device.

SUMMARY OF THE INVENTION

The present invention overcomes the problems and short-
comings of the prior art with a system and method for
adjusting the output of a display device to compensate for
ambient illumination. The present invention preferably com-
prises a display device, a display circuitry, a display -
controller, a pre-recorded calibration memory, a pre-
recorded reflectivity memory, a video card, an input device,
a processor, a memory, and an achromatic card. The pre-
recorded reflectivity memory stores the reflectivity charac-
teristics of the glass and inside coatings of the front glass
plate of the output device. The prerecorded calibration
memory stores characteristics of the display device. The
memory stores the reflectivity characteristics of the achro-
matic card, a pointer, program instruction steps, compen-
sated beam current values, and data.

The processor, through the video card, the display
controller, and the display circuitry, adjusts the output of the
output device to match the ambient illumination reflected
from the achromatic card. From the known tristimulus
values of the output generated by the output device and the
known reflectivity characteristics of the glass and inside
coatings of the front glass plate and the achromatic card, the
processor calculates the hue and intensity of the ambient
illumination. The processor then calculates the electron
beams necessary to generate a compensated white point and
compensates the output device for the ambient illumination
reflected by the front glass plate. The processor stores the
compensated beam current values, with a record of the time
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at which they were determined, in the memory. The proces-
sor then re-calibrates the output device using the compen-
sated beam current values.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing the system of the
present invention for adjusting the output of a display device
to compensate for ambient illumination;

FIG. 2 is a block diagram showing the preferred embodi-
ment of the pre-recorded calibration memory of the present
invention;

FIG. 3 is a block diagram showing the preferred embodi-
ment of the memory of the present invention;

FIG. 4A is a block diagram showing an achromatic card
positioned in front of the front glass plate of the output
device of the present invention when the present invention
is calculating the proper adjustment for color in the standard
mode;

FIG. 4B is a block diagram showing an achromatic card
positioned in front of the front glass plate of the output
device of the present invention when the present invention
is calculating the proper adjustment for color in the expert
mode;

FIG. 4C is a block diagram showing an achromatic card
positioned in front of the front glass plate of the output
device of the present invention when the present invention
is calculating the proper adjustment for intensity in either the
standard mode or the expert mode;

FIG. § is a block diagram showing the setup of the system
of the present invention when it is calculating the adjustment
necessary to compensate the output of the display device for
the ambient illumination;

FIG. 6 is a block diagram showing a model of human
perception of color used by the present invention;

FIGS. 7A, 7B, and 7C are flowcharts showing the stan-
dard mode of the preferred method of the present invention
for adjusting the output of the output device to compensate
for the ambient illumination;

FIGS. 8A, 8B, and 8C are flowcharts showing the expert
mode of the present invention for adjusting the output of the
display device to compensate for the ambient illumination;
and

FIG. 9 is a flowchart showing the preferred method for
varying the adjustment of the output of the display device to
account for changes in the ambient illumination at different
times.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring now to FIG. 1, a block diagram of the preferred
embodiment of a system 10 for adjusting the color and
intensity of the output of an output device to compensate for
ambient illumination is shown. The system 10 comprises an
output device 11, an input device 22, a processor 24, a
memory 26, and a video card 28. The output device 11, input
device 22, processor 24, memory 26, and video card 28 are
coupled together by a bus 30 in a von Neuman architecture.
Those skilled in the art will realize that the output device 11,
the input device 22, the processor 24, the memory 26, and
the video card 28 may be coupled together in other
architectures, even simultaneous with the present invention,
without departing from the spirit and scope of the present
invention. The system 10 measures the hue and intensity of
the ambient illumination and adjusts the output of the output
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device 11 so that the color and intensity of the output is as
realistic as possible.

The system 10 is preferably a Macintosh Computer model
Quadra 800 from Apple Computer, Inc. of Cupertino, Calif.
The system 10 uses a conventional operating system such as
the System 7.1 Operating System from Apple Computer,
Inc. Those skilled in the art will realize that other computer
systems and other operating systems may be used to imple-
ment the present invention.

The output device 11 comprises, a display device 12, a
display circuitry 14, a display controller 16, a pre-recorded
calibration memory 18, a prerecorded reflectivity memory
20. The display device 12 is a conventional display device
such as a cathode ray tube (“CRT”). The present invention
is discussed with reference to cathode ray tube display
devices. The present invention is, however, fully applicable
to all display device technologies including liquid crystal
displays and gas discharge displays. Furthermore, the
present invention may be used to compensate for ambient
illumination the output of color printers, color photograph
developers, and other such devices. The display device 12
includes a front glass plate 48 through which the display
device 12 outputs visual data. The front glass plate 48 is
typically coated on its inner surface with chemicals which
may include phosphors. The output comprises a plurality of
pixels of light. Bach pixel is made up of a red light, a biue
light, and a green light. Within a pixel, each color may vary
individually in intensity. The system 10 utilizes a model of
human perception of color that will be explained in more
detail below with reference to FIG. 6.

The display circuitry 14 is an electronic circuit that drives
the output of display device 12. In a CRT, the display
circuifry is a set of cathodes and other circuit elements that
generate three electron beams. The output signal of the
display circuitry 14 comprises three channels, one for each
color output by the output device 11. In accordance with
standard convention, the channel for the red color is referred
to as the R channel; the channel for the green color is
referred to as the G channel; and the channel for the blue
color is referred to as the B channel. Each electron beam
stimulates one of the channels of the colors on the output.
The display circuitry 14 has inputs and outputs. The outputs
of the display circuitry 14 are coupled to respective channel
inputs of the display device 12.

The display controller 16 is a conventional display con-
troller such as a basic microprocessor. The display controller
16 directs communications between the display circuitry 14
and the other devices. The display controller 16 has inputs
and an output. The output of the display controller 16 is
coupled to the display circuitry 14.

The input device 22 is a conventional keyboard and
mouse type confroller for inputting data into computer
systems. The input device 22 is coupled to the bus 30.

The processor 24 is a conventional microprocessor such
as the 680xx Series microprocessor manufactured and sold
by Motorola, Inc. of Schaumburg, Ill. The processor 24
executes arithmetic functions, makes data comparisons, and
executes program instruction steps stored in the memory 26.
The processor 24 includes a clock for generating the current
time for the system 10. The processor 24 is coupled to the
bus 30.

The video card 28 is a conventional video card used for
processing data signals from the processor 24. The video
card 28 accepts an input of a digital data signal from the
processor 24. The video card 28 formats the data for the size
of the display device 12. The video card 28 then converts the
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input data signal from a digital signal to an analog signal and
divides the data signal into the three channels, the R, G, and
B channels. The video card 28 has inputs and outputs and is
coupled to the bus 30 and to the display controller 16. The
video card 28 outputs a video signal for the three channels
to the display controller 16.

The pre-recorded reflectivity memory (“PRM”) 20 is any
non-volatile memory such as aread only memory (“ROM”),
an erasable programmable read-only memory (EPROM), or
a programmable read only memory (PROM). The PRM 20
stores the reflectivity constant, K,, for the glass and inside
coatings of the front glass plate 48 of the display device 12.
The reflectivity constant, K,, is the percentage of the light,
which impinges on the glass and inside coatings of the front
glass plate 48 of the display device 12, that is reflected. The
reflectivity constant, K,, acconnts for front and back surface
reflectance and transmission of incident ambient illumina-
tion from the glass and inside coatings of the front glass
plate 48. The reflectivity constant, K,, is measured at the
factory where the display device 12 is manufactured. K, is
preferably a single value that describes, regardless of
wavelength, the reflectivity of all visible light that is incident
upon the front glass plate 48. In an alternate embodiment, K,
may be three values K.y, K,;, and K,, Where K,y
describes the reflectivity of the x channel, K, describes the
reflectivity of the y channel, and K, describes the reflec-
tivity of the z channel from the glass and inside coatings of
the front glass plate 48. Those skilled in the art will
recognize the x channel, the y channel, and the z channel.
Typically, K, equals 0.059 for high contrast CRTs. The PRM
© 20 is coupled to the processor 24 through the display
controller 16.

The bus 30 is a conventional bus for transmitting data,
address, and command signals. While the bus 30 is described
as a single bus, those skilled in the art will realize that the
bus 30 comprises a data bus, an address bus, and a command
bus.

Referring now to FIG. 2, a block diagram of the pre-
recorded calibration memory (“PCM™) 18 is shown. The
PCM 18 is any non-volatile memory such as a ROM, an
EPROM, or a PROM. The PCM 18 shown in FIG. 2 contains
data for a CRT. If another display technology is used, other
calibration data, analogous to, but not identical to, the
calibration data for a CRT type display device, would be
stored in the PCM 18. The data stored in the PCM 18 is
measured and recorded therein at the factory where the
output device 11 is manufactured. A calibration memory as
described in the pending U.S. patent application Ser. No.:
08/036,349, entitled “Method And System Of Achieving
Accurate White Point Setting Of A CRT Display,” which is
incorporated herein by reference, may be used for the PCM
18. The PCM 18 comprises a tristimulus values memory 32,
a gamma values memory 34, and a beam current values
memory 36.

The tristimulus values memory 32 stores nine tristimulus
values for the output device 11. The output of the output
device 11 is given by the equations:

X~ pxr)HlexcH IX5)
Y=lgyritloyoy-isys) @)
Zlparitezeytipzs) (3)

Where XY, and Z. are the tristimulus values of the
outputs of the output device 11; I, I, and I, are the
magnitudes electron beams generated by the display cir-
cuitry 14; and Xz, X, X5, Y+ Yo» Yo Zrs Zg» and zp are the
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nine tristimulus values of the output device 11. The tris-
timulus values are measured at the factory where the output
device 11 is constructed.

The gamma values memory 34 stores three gamma value
tables, one for each electron beam. A gamma value table
maps the relationship between the voltage on a cathode of
the display circuitry 14 and the electron beam generated by
that cathode. The beam currents are often exponential with
respect to the voltage on the cathode. The exponent that
describes the relationship between the voltage on the cath-
ode and the electron beam is the gamma value of the
cathode. The gamma tables are measured at the factory
where the output device 11 is manufactured and are stored
in the gamma values memory 34.

The beam current values memory 36 stores reference
values for each of the electron beams. The reference values
are a baseline white point for the output device 11. The beam
current values serve as the initial point, or bias, to which the
output device 11 is calibrated.

Referring now to FIG. 3, a block diagram of the memory
26 is shown. The memory 26 is a conventional dynamic
random access memory and a conventional disk drive. While
the components of the memory 26 will now be discussed as
separate devices, those skilled in the art will realize that the
memory 26 may be a single dynamic random access
memory and a single disk drive. The memory 26 comprises
an ambient illumination compensated beam current memory
38, a K, memory 40, a program memory 42, and a pointer
memory 52. The ambient illumination compensated beam
current memory (“AIC”) 38 stores data that is calculated by
the processor 24. The processor 24 calculates the proper
adjustment for the out-put device 11 to compensate for
ambient illumination. At different times, the ambient illu-
mination may vary. The processor 24 calculates the adjust-
ments for a specific ambient illumination such as early
morning and generates a signal. The processor 24 uses this
data to adjust automatically the out-put of the out-put device
11 at different times. The AIC 38 stores adjustment data for
many different times of the day, and the processor 24 may
automatically readjust, at the correct time, the out-put of the
out-put device 11. The method by which the processor 24
automatically re-adjusts the out-put of the display device 12
is described with reference to FIG. 9 below. :

The K, memory 40 stores the reflectivity constant, K, of
a reflection device. In the preferred embodiment, the reflec-
tion device is an achromatic card. The achromatic card
serves as a standard to which the output of the output device
11 is compared when the system 10 is calculating the proper
adjustment to compensate for ambient illumination. The
processor 24 calculates the amount of ambient illumination
reflected from the glass and inside coatings of the front glass
plate 48 using the out-put of the display device 12, the
reflectivity constant, K,, of the glass and inside coatings of
the front glass plate 48, and the reflectivity constant, K, of
the achromatic card. The reflectivity constant, K,, of the
achromatic card is typically 0.42. The method by which the
processor 24 calculates the amount of reflected ambient
illumination is described with reference to FIGS. 7 and 8
below. In the preferred embodiment, K; is constant for all
wave lengths of visible light. Similarly to K,, in an alternate
embodiment K; may be three values, K;x, K, , and K, .

The program memory 42 stores program instruction steps
that, when executed by the processor 24, implement the
present invention. The program instruction steps specify the
calculations that are to be made, the graphical interfaces that
are to be used to communicate with the user, and the flow of
data in the present invention. When the processor 24 is said
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to take an action, in actuality the processor 24 executes
program instruction steps stored in the program memory 42
to perform the required action. In addition, the program
memory 42 temporarily stores data for a display region A, a
display region B, a display region C, and a display region D
when the system 10 is adjusting the output of the output
device 11 to match the ambient illumination. The program
memory 42 stores an A display record and a B display record
which store the number of times certain display regions are
consecutively selected. The A display record and the B
display record will be discussed with reference to FIGS. 7A,
7B, 7C, 8A, 8B, and 8C, below. The program memory 42
also stores an automatic compensation flag for indicating
that the user desires the system 190 to re-calibrate automati-
cally the output means 11 to different biases at different
times. The automatic compensation flag will be discussed
below with reference to FIG. 9.

The pointer memory 52 is preferably a memory that stores
deviations from a white point. In the standard mode, the
pointer memory 52 stores one value for hue and one Value
for intensity. In the expert mode, the pointer memory 52
stores three values for hue and one value for intensity. The
standard mode, the expert mode, and the values stored in the
pointer memory 52 will be described with reference to FIGS.
6,7, and 8.

Referring now to FIG. 4A, a graphical representation of
the output device 11, when the system 10 is operating in a
standard mode for adjusting the color of the output device
11, is shown. FIG. 4A also shows an achromatic card 44
being held in a position that is in the plane that is tangent to
the center point (not shown) of the front glass plate 48. The
output of the display device 12 radiates through the front
glass plate 48. FIG. 4A shows a graphical interface output by
the display device 12 and created by the processor 24
executing some of the program instructions steps. The
system 10 has two modes of operation for adjusting the color
of the display device 11, a standard mode and an expert
mode.

In the standard mode the processor 24, using the video
card 28, the display controller 16, and the display circuitry
14, displays three display regions. The processor 24 displays
a display region A 54, a display region B 56, and a display
C 58. The user holds the achromatic card 44, next to the
display regions 54, 56, and 58 in the plane that is tangent to
the center point (not shown) of the front glass plate 48. The
user then selects the display region 54, 56, or 58 that is
closest in color to the achromatic card 44. Alternatively, the
achromatic card 44 may be held in the plane tangent to the
center point (not shown) of the front glass plate 48, and a
spectral detector, which is programmed to simulate human
perception of color, may analyze the output of the display
device 12 and the achromatic card 44.

Referring now to FIG. 4B, a graphical representation of
the output device 11, when the system 10 is operating in the
expert mode for adjusting the color output of the output
device 11, is shown. FIG. 4B also shows the achromatic card
44 being held in a position that is in the plane that is tangent
to the center point (not shown) of the front glass plate 48. In
the expert mode, the processor 24 displays four display
regions, a display region A 60, a display region B 62, a
display region C 64, and a display region D 66. The user
holds the achromatic card 44 next to the display regions 60,
62, 64, and 66 in the plane that is tangent to the center point
(not shown) of the front glass plate 48. Similarly to the
standard mode, the user selects the display region 60, 62, 64,
or 66 that is closest in color to the achromatic card 44.
Alternatively, a spectral detector may be used to compare the
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ambient illumination reflected from the achromatic card 44
to the output of the output device 11.

Referring now to FIG. 4C, a graphical representation of
the output device 11, when the system 10 is operating in
either the standard mode or the expert mode to adjust the
intensity of the output of the output device 11, is shown FIG.
4C also shows the achromatic card 44 being held in a
position that is in the plane that is tangent to the center point
(not shown) of the front glass plate 48. The processor 24
displays three display regions of different brightness on the
display device 12. The processor 24 displays a display
region A 68, a display region B 70, and a display region C
72. The user compares these three regions to the achromatic
card 44 and selects the display region 68, 70, or 72 that is
closest to the brightness of the achromatic card 44. Once
again, a spectral detector may be used to compare the
brightness of the output of the display device 12 to the
ambient illumination reflected for the achromatic card 44.

Referring now to FIG. 5, a block diagram of the output
device 11 and the surrounding environment is shown. The
output device 11 exists in an ambient illumination. The
ambient {lluminations is generated by a light source 46. The
light source 46 is representational for a possible plurality of
light sources of different natures. The light source 46 may
include incandescent light, fluorescent light, natural light,
and other types of light.

The user observes an output labeled S, from the output
device 11 that is a combination of the light generated by the
display device 12, labeled L’d, and the ambient illumination
reflected from the glass and inside coatings of the front glass
plate 48, labeled L’t. The reflected ambient illumination
alters the color and intensity of the light generated by the
display device 12. The achromatic card 44 also reflects the
ambient illumination, labeled L’c. By adjusting the output of
the output device 11 to match the achromatic card 44, L’d is
set so that, in combination with L’t, R is equal to L’c. The
processor 24 can then determine, using K; and K,, the hue
and intensity of the ambient illumination, .. The processor
24 uses the determined hue and intensity of the ambient
illumination to adjust the output of the output device 11 to
compensate for the reflected ambient illumination. FIG. 5
shows the achromatic card 44 held above the output device
11. This configuration is for ease of drawing. In actuality, the
achromatic card 44 is held next to the graphical interface
output on the display device 12. The achromatic card 44 is
held in the plane tangent to the center point of the front glass
plate 48.

Referring now to FIG. 6, the CIE 1976 UCS Diagram
(hereinafter the “CIE Diagram”) is shown. According to the
CIE 1976 UCS model, all colors of light, which are percep-
tible to the human eye, may be made by combining within
a pixel points of red, green, and blue light of different
intensities. Each pixel is made up of a point of red light, a
point of green light, and a point of blue light. The R, G, and
B channels describe the red, green, and blue outputs, respec-
tively. The ratios of the R, G, and B channels to each other
are the color value of the pixel. When a region of the display
device 12 is set to display a white point, the channels of all
the pixels of that region are set in the ratios, to each other,
for white light. In addition to the color value, each pixel has
a brightness level. The brightness is a baseline value of the
intensity of the pixel, and in turn of the channels. To modify
the brightness of a pixel, the three channels are modified by
a constant so that the ratios among the three channels are
unmodified. That is, all three channels are multiplied by a
constant. The color value together with the brightness level
is the tristimulus value of the output.
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The CIE Diagram shown in FIG. 6 represents the bound-
ary of color perceptible to the human eye. Near the point
labeled red, the color is red. Near the point labeled green, the
color is green. Near the point labeled blue, the color is blue.
At a white point near the middle of the CIE Diagram, the
combination of red, green, and blue is observed as white
light. This white point is shown in FIG. 6 by a dot 76;
hereinafter the dot 76 is referred to as the white point 76. The
present invention adjusts the output of the output device 11
to output accurate color. The processor 24 determines the
amount of red, green, and blue light that describes the
ambient illumination that is reflected from the glass and
inside coatings of the front face plate 48. The processor 24
then removes these amounts from of the output device 11 in
order to compensate the output for the reflected ambient
illumination. ‘

FIG. 6 also shows a line 74 which begins at a point
slightly blue of the white point 76 and bisects the side of the
CIE Diagram connecting the red point and the green point.
This line 74 approximately describes the black body radia-
tion of a piece of platinum as it is being heated. The colors
along this line 74 are described in degrees Kelvin which
correspond to the temperature at which the piece of platinum
radiates light of that color. The portion of the line 74 more
blue than the white point 76 represents higher temperatures
than the white point 76, and the portion of the line 74 more
green and red than the white point 76 represents lower
temperatures than the white point 76. In the standard mode,
the processor 24 adjusts the output of the output device 11
along this line 74. The processor 24 first displays, in display
region B 56 shown in FIG. 4A, an output at the white point
76. The processor 24 displays in display region A 54 an
output that is more blue than the white point 76 and displays
in display region C 58 an output that is more red than the
white point 76. The user then selects the display region 54,
56, or 58 that the user observes to be the most similar in
color to the achromatic card 44. Since the output of the
display device 12, which is observed by the user, is the
combination of the generated light and the reflected ambient
illumination and since the output of the achromatic card 44
depends on the same ambient illumination, the achromatic
card 44 will match the display region A 56 only if the
ambient illumination matches the monitor default hue.
Otherwise, the achromatic card 44 will be closer to one of
the other two display regions 54 or 58. The processor 24 then
narrows the choices until it finds a point on the line 74 where
the output, as nearly as possible, matches the achromatic
card 44. In the standard mode, the pointer memory 52 stores
two values, the amount by which the matching output
deviates in color from the white point 76, and the amount by
which the matching output deviates in intensity from the
default setting. In the standard mode, the pointer memory 52
may store a positive number or a negative number for the
color value. If the color value is positive, it represents a
distance, more blue than the white point 76, along the line
74. If the color value is negative, it represents a distance
more red and green than the white point 76.

In the expert mode, the processor 24 may find a matching
point at any color combination within the CIE Diagram. The
processor 24 is not limited to the line 74 shown in FIG. 6.
When the system 10 is operating in the expert mode, the
processor 24 initially displays in display region A 60 on the
output device 11 a color that is at the white point 76. The
processor 24 also displays in display region B 62 a color that
is slightly bluer, in display region C 64 a color that is slightly
redder, and in display region D 66 a color that is slightly
greener than the white point 76. As with the standard mode,
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the user selects the display region 60, 62, 64, or 66 that the
user observes to match most closely the achromatic card 44.
The processor 24 then generates a display region B 62 that
is slightly bluer, a display region C 64 that is slightly redder,
and a region D 66 that is slightly greener than the selected
display region 60, 62, 64, or 66. In this way, the processor
24 refines the output to match, as nearly as possible, the
achromatic card 44. In the expert mode, the system 10 may
find a matching output at any point within the CIE Diagram.
In the expert mode, the pointer memory 52 stores four
values. The first value represents the deviation of the match-
ing point from the white point 76 in the direction towards the
red point. The second value represents the deviation of the
matching point from the white point 76 towards the green
point. Similarly, the third value represents the deviation of
the matching point from the white point 76 towards the blue
point. The pointer memory 52 also stores a brightness
indicator. In the expert mode, the three color values stored
in the pointer memory 52 are positive. The brightness
indicator may be positive or negative.

Current output devices 11 may not be able to generate all
colors within the CIE 1976 UCS model of human color
perception. The present invention can, however, analyze all
colors within the CIE 1976 UCS model of human color
perception. Thus, the present invention may be utilized with
conventional output devices and with all advances in output
device technology.

Referring now to FIGS. 7A, 7B, and 7C, a flowchart of the
method of the standard mode for adjusting the output of the
output device 11 to compensate for ambient illumination is
shown. The method begins at step 100 where the processor
24 calibrates the output device 11, sets the electron beams at
a default setting for color and brightness, resets the pointer
memory 52, and resets the B display record. The processor
24 calibrates the output device 11 using the method
described in pending U.S. patent application Ser. No.:
08/036,349. The output device 11 is calibrated to a setting
that serves as a baseline for its operation. This baseline is the
bias at which the output device 11 is calibrated. The default
color setting is at the white point 76 of the model shown in
FIG. 6. The default brightness setting is a mid range bright-
ness setting. The B display record stores the number of times
display region B 56 is consecutively selected.

In step 102, the processor 24 assigns the default color to
display region B 56 as shown in FIG. 4A. The processor 24
assigns a color or intensity to a display region by signaling
the memory 26 to record the tristimulus values of the output
with areference to the display region 54, 56, 58, 60, 62, 64,
or 66 in which it is displayed. In the preferred embodiment,

-the color and brightness are adjusted separately. The method

of FIG. 7A is directed to adjusting color. In step 104, the
processor 24 assigns a color in display region A 54 that is the
color assigned to display region B 56 plus a color step up the
line 74, more blue, as shown in FIG. 6. The color step is an
arbitrary deviation from the tristimulus values assigned to
display region B 56. Likewise, the processor 24 assigns to
display region C 58 a color that is the color of display region
B 56 less the color step down the line 74, more red and
green, as shown in FIG. 6. The processor 24 then, in step

. 106, outputs the three display regions 54, 56, and 58 on the

output device 11. The processor 24 waits for the user to
indicate, through the input device 22, the display region 54,
56, or 58 that most closely resembles the achromatic card 44,
and when a display region 54, 56, and 58 is selected, the
processor 24 accepts the input in step 108. The processor 24
then, in step 110, determines if display region A 54, display
region B 56, or display region C 58 was selected.
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If display region A 54 was selected, the processor 24, in
step 112, assigns the color of display region A 54 to display
region B 56, adds the value of the color step to the color
value in the pointer memory 52 and resets the B display
record. The processor 24 assigns the color or intensity of a
first display region 54, 56, 58, 60, 62, 64, or 66 to a second
display region 54, 56, 58, 60, 62, 64, or 66 by signaling the
memory 26 to record the tristimulus values associated with
the first display region 54, 56, 58; 60, 62, 64, or 66 with the
second display region 54, 56, 58, 60, 62, 64, or 66. The
processor 24 adds the value of the color step to the color
value in the pointer memory 52 to record by how much the
processor 24 has adjusted the output of the output device 11
from the default white point 76. The method then returns to
step 104. If display region C 58 was selected, the processor
24, in step 114, assigns the color of display region C 58 to
display region B 56, subtracts the value of the color step
from the color value stored in the pointer memory 52, and
resets the display B record. The method then returns to step
104. Should display region B 56 have been selected, the
processor 24 determines if display region B 56 has been
repeatedly selected a pre-determined number of times. Each
time display region B 56 is selected, the processor 24
increments a record, the display B record, in the program
memory 42, of the number of times display region B 56 has
been consecutively selected. When display region B 56 has
been consecutively selected a pre-determined number of
times, the processor 24 automatically stops adjusting the
output of the output device 11. The user may predetermine
the number of times display region B 56 may be consecu-
tively selected to be any number greater than 1. If display
region B 56 has not been consecutively selected the pre-
determined number of times, the method proceeds to step
118 where the processor 24 determines if the user has
indicated satisfaction with the color. The processor 24
determines if the user has indicated satisfaction by testing
for an input from the user. If satisfaction has not been
indicated, the method proceeds to step 120.

In step 120, the processor 24 divides the value of the color
step in half. Thus, the processor 24 narrows the possible
choices for the color that matches the achromatic card 44.
The processor 24 also increments the display B record in
step 120. The processor 24 then determines, in step 122, if
the color step is less than the limitations of output device 11.
Each output device 11 has limitations on how fine it can
differentiate color. If the output device 11 cannot differen-
tiate color within the accuracy of the color step, the method
continues in step 124. If the color step is not less than the
limitations of the output device 11, the method returns to
step 104. If the processor 24 determines in step 116 that
display region B 56 has been repeatedly selected the pre-
determined number of times, if the processor 24 determines
in step 118 that the user has indicated satisfaction, or if the
processor 24 determines in step 122 that the color step is less
than the limitation of output device 11, the method proceeds
to step 124.

The baseline of the brightness adjustment is the final color
selection from step 138, 140, or 144. In step 124, the
processor 24 assigns the color of display region B 56 for
color to display region B 70 for brightness and resets the B
display record. In step 126, the processor 24 assigns to
display region A 68 the brightness of display region B 70
multiplied by one plus a brightness step and assigns to
display region C 72 the brightness of display region B 70
multiplied by one less a brightness step. In method step 126,
the brightness step used to set the brightness is different from
the color step used to set the color in method steps 104
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through 122. The brightness is adjusted by modifying the
three channels together. The ratios between each channel
and the others is maintained. While the alternate display
regions 68, 70, and 72 are generated using a linear function,
a non-linear function such as a exponential function may be
used. In step 128, the processor 24 then displays the three
display regions 68, 70, and 72 on the output device 11. The
processor 24 receives an input, through the input device 22,
indicating the display region 68, 70, or 72 which most
closely matches the achromatic card 44, and in step 130, the
processor 24 accepts such an input. In step 132, the proces-
sor 24 determines if display region A 68, display region B
70, or display region C 72 was selected. If display region A
68 was selected, the method continues in step 134 where the
processor 24 assigns the brightness of display region A 68 to
display region B 70, adds the value of the brightness step to
the brightness value in the pointer memory 52, and resets the
B display record. The method then returns to step 126. If
display region C 72 was selected, in step 136, the processor
24 assigns the brightness of display region C 72 to display
region B 70 and decreases the brightness pointer in the
pointer memory 53 by the value of the brightness step. The
processor 24 also resets the B display record in step 136. The
method then returns to step 126. If display region B 70 was
indicated, the processor 24 determines if display region B 70
has been consecutively selected a pre-determined number of
times. Similarly to step 116, if display region B 70 has been
selected the pre-determined number of times, the adjustment
of the brightness will end. The processor 24 compares the
number stored in the B display record to the pre-determined
number to determine if display region B 70 has been
consecutively selected the predetermined number of times.
If display region B 70 has not been repeatedly selected the
pre-determined number of times, the processor 24
determines, in step 140, if the user has indicated satisfaction
with the brightness. The user may indicate satisfaction with
the brightness by indicating such satisfaction through the
input device 22.

If satisfaction has not been indicated, the method contin-
ues in step 142. In step 142, the processor 24 divides the step
in half and increases the B display record. The processor 24
then determines if the brightness step is less than the
limitations of the ontput device 11. If the step is not less than
the limitations of the output device 11, the method returns to
step 126 to adjust the brightness again.

If display region B 70 has been repeatedly selected the
pre-determined number of times in step 138, if satisfaction
was indicated in step 140, or if the step is less than the
limitations of the output device 11 in step 144, the method
continues in step 148.

In step 148, the processor 24 determines the electron
beam currents necessary to bias the output device 11 so that
the output of the output device is compensated for reflected
ambient illumination. The tristimulus values of the output
generated by the display device 12 is known. The pointer
memory 52 stores the color value and the brightness value
that indicate the excursions from the known starting white
point 76 and default brightness. Those skilled in the art will
recognize how to calculate the tristimulus values of the
output generated by the output device 11 from the known
excursion from a known starting white point 76 and the
known excursion from the known starting brightness. In
order to compensate the output device 11, the processor 24
must determine the tristimulus values of the ambient illu-
mination. The achromatic card 44 reflects the ambient
illumination according to the equations:

XpKiX, (C)]
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Yy oK Y, )]

Y, K2, ®)

Where X;, Y;, and Z, are the tristimulus values of the
ambient illumination, and X,.., Y., and Z;.. are the
tristimulus values of the ambient illumination reflected from
the achromatic card 44. In the preferred embodiment, K, is
constant for all wavelengths of light.

The glass and inside coatings of the front glass plate 48
reflect the ambient illumination according to the equations:

X7 KX,

YK Y,,

Q)
®

Z=KoZy, ®)

Where X; .4, Yy, and Z;. 5 are the tristimulus values of the
ambient illumination reflected from the glass and inside
coatings of the front glass plate 48, and K, is the reflectivity
constant of the glass and inside coatings of the front glass
plate 48 of the display device 12. The tristimulus observed
at the front glass plate 48 is a combination of the tristimulus
generated by the display device 12 and the tristimulus of the
reflected ambient illumination. Thus the tristimulus
observed at the front glass plate 48 is given by the equations:

XLy gt&pog (10)

Y=Yyt ¥pg an

ZeZ oty (12)
Where X, Y, and Z are the tristimnlus values observed at
the front glass platc 48, and X;.,, Y., and Z,., are the
tristimulus values of the output generated by the display
device 12. Substituting the equations 7, 8, and 9 for the
reflection of ambient illumination from the glass and inside
coatings of the front glass plate 48 yields the equations:

XK X, +Xp, 4 13)
g %

YK, Y, 4,4 (14)

Z=K Y420y (15)

In steps 104 through 122, the output of the output device 11
was adjusted to match the ambient illumination reflected
from the achromatic card 44. Therefore, the tristimulus
values of the ambient illumination reflected from the ach-
romatic card 44 are equal to the tristimulus values observed
at the front glass plate 48. This identity may be expressed:

Xs=Xpoc (16)

Y=Y, an

ZsZpc (18)

Substituting the equations 4, 5, 6, 13, 14, and 15 for X, Y,
X X0, and Z, . respectively, yields:

KoX;+Xp asgareri=Ko Xy, (19

KoYiAYp artarcr=Ka ¥y, (20)

KoZ 7y aptoec=Kn 2y, (21)

Where Xy gagarcns X 1 antaser A0 Zz - gaga0er, are the tristimulus
values generated by the display device 12 when its output
together with the ambient illumination reflected from the
glass and inside coatings of the front glass plate 48 match the
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ambient illumination reflected from the achromatic card 44.
Rearranging yields:

X=Xy atarcnKoKo) ™ (22)
Y=Y, deh(Ker)—l (23)
272y dupaen KK ™ (24)

Thus, the tristimulus values of the ambient illumination is
described in terms of the tristimulus values of the output
generated by the output device 11, K, and K. The hue and
intensity of the light emitted from the display device 12
needed to produce the desired white point is:

X~ XwKX,, (25
Y =Wy—K,Y, (26)
Zo=Z K7y @

Where Xy, Yy, and Zy, are the tristimulus values of the
desired white point, and X, Y, and Z are the tristimulus
values of the desired white point compensated for reflected
ambient illumination. The processor 24 then determines the
values of the. electron beams needed to generate the com-
pensated tristimulus values through the equations:

XolgXgH X oHpXs (28)
Yl Yat oY otuYs (29)
Zo=lpZpt 6ZotpZp (30)

Where Xg, Xg, Xp, Y, Yo, Yp, Zg, Zg, and Zp are the
tristimulus values for the display device 12 stored in the
tristimulus values memory 32, and X, Y., Z. are the
tristimulus values of the desired white point compensated
for reflected ambient illumination. Those skilled in the art
will realize that the compensated bias may be found by
reducing equations 28, 29, and 30 to:

Ig= (31)
(XY ~ XpYo)ZcV

XrYoZp — Xo¥pZp — Xp¥pZe + Xp¥pZe + XY pZp —

Xs¥olr) + (YA(~(XoZp) + XpZe)Y

Xr¥oZp — XX pZy — Xe¥pZiz + Xp¥pZis + XY pZp —

XY o) + (XA¥oZp ~ YpZe)V

XrYoly — Xo¥nZp — Xp¥plo + XpleZe + XoYpZp ~

XsYoZg)

Io= @2
(~XRYp + XpYp)ZcY

RXrYoZp ~ Xo¥pZp — Xp¥pZe + Xp¥rZc + XoYpZg —

XsYoZr) + (YAXZp) — XpZg)y

Kr¥Yoly — XoYpZy ~ XpVpZi + Xp¥aZ s + XY pZp —

XpYoZg) + (XA~AYrZ5) + YpZp)y

XrYoZp — Xo¥nZp — Xp¥pZe + Xp¥rZc + XoYpZg ~

X5¥Zr)

Iy= (33)

((Xr¥o — XsYp)2o)

Rr¥oly — XVoZp ~ Xp¥ple + XgVpZ + XY pZp —
XpYoZg) + (YAAXpZ) + XZr)V

RXrYolp — XYply —~ Xp¥pl; + XpVpZc + XY pZg —
XpYoZp) + (XA ¥rZe — YoZr)

RrYoZp — X¥pZp — Xp¥pZe + XpVZi + XY pZg —
XpYoZg)

In step 150, the processor 24 generates a signal to the
memory 26 to store the compensated electron beam current
values in the AIC 38. The processor 24 also generates a
signal of the current time and signals the memory 26 to store
the current time along with the compensated electron beam
current values in the AIC 31. The processor 24 then, in step
152, recalibrates the output device 11. The processor 24
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re-calibrates the display device 12 using the method
described in pending U.S. patent application Ser. No.:
08/036,349. When re-calibrating, however, the processor 24
uses the compensated beam current values that it stored in
the AIC 38 in step 150 rather than the beam current values
stored in the beam current values memory 36. Thus, the
processor 24 has modified the electron beams of the display
device 12 so that the output device 11 will be compensated
for ambient illumination reflected from the glass and inside
coatings of the front glass plate 48.

Referring now to FIGS. 8A, 8B, and 8C, a flowchart of the
method of the expert mode for adjusting the output of the
output device 11 to compensate for ambient illumination is
shown. The expert mode is similar to the method in the
standard mode described with reference to FIG. 7A, 7B, and
7C. In the expert mode, however, the output device 11 may
be compensated to any point within the CIE Diagram shown
in FIG. 6. The compensation is not limited to the line 74 that
describes approximately the black body radiation of plati-
num as it is limited in the standard mode.

Beginning in step 160, the pointer memory 52 is reset, the
output device 11 is calibrated according to the method
described in pending U.S. patent application Ser. No.:
08/036,349, the output of the output device 11 is set to the
default white point 76 and default brightness, and the A
display record is reset. In step 162, the default setting is
assigned to a display region A 60. In the expert mode, the
processor 24 displays four display regions on the output
device 11 instead of the 3 display regions in the standard
mode. The processor 24 displays in a display region A 60 the
current setting, in a display region B 62 a setting one color
step red from the current setting, in a display region C 64 a
setting one color step blue from the current setting, and in a
display region D 66 a setting one color step green from the
current setting. As with the standard mode, the color step is
an arbitrary excursion from the current setting. In step 164,
the processor 24 assigns the setting of display region A 60
plus a color step in the blue direction to display region B 62,
the setting of display region A 60 plus a color step in the red
direction to display region C 64, and the setting of display
region A 60 plus a color step in the green direction to display
region D 66. The processor 24 outputs the four display
regions 60, 62, 64, and 66 on the output device 11 in step
166. The processor 24, in step 168, waits for and accepts the
input of the selected display region 60, 62, 64, or 66 that
most closely {esembles the achromatic card 44.

In step 170, the processor 24 determines if display region
A 60 was selected in step 168 as the display region 60, 62,
64, or 66 that most closely resembles the achromatic card 44.
If display region A 60 was not selected, the method proceeds
to step 172 where the processor 24 determines if display
region B 62, display region C 64, or display region D 66 was
selected. If display region B 62 was selected, the processor
24 assigns the color of display region B 62 to display region
A 60 in step 174, adds the value of the color step to the blue
value of the pointer memory 52, and resets the A display
record. If display region C 64 was selected, the processor 24,
in step 176, assigns the color of display region C 64 to
display region A 60, adds the value of the color step to the
red value of the pointer memory 52, and resets the A display
record. Finally, if display region D 66 was selected, the
processor 24, in step 178, assigns the color of display region
D 66 to display region A 60, adds the value of the color step
to the green value of the pointer memory 52, and resets the
A display record. From steps 174, 176, or 178, the method
returns to step 164. If in step 170 display region A 60 was
selected, the method proceeds to step 180. In step 180, the
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processor 24 determines if display region A 60 has been
consecutively selected a pre-determined number of times.
As with the standard mode, if display region A 60 is
consecutively selected a predetermined number of times, the
processor 24 will end adjusting the outlet of the output
device 11. The processor 24 determines if it should end
adjusting the output of the output device 11 by comparing
the A display record to the pre-determined number. If display
region A 60 has not been repeatedly selected the pre-
determined number of times, the method proceeds to step
182 where the processor 24 determines if the user has
indicated satisfaction. The user may indicate satisfaction
with the match between the color of display region A 60 and
the achromatic card 44 through the input device 22. If the
user has not indicated satisfaction, the method proceeds to
step 184 where the processor divides the step by two and
increments the A display record. In step 186, the processor
24 determines if the color step is below the limitations of the
output device 11. If the step is not below the limitations of
the output device 11, the method returns to step 164.

If the processor 24 determines, in step 180, that display
region A 60 has been repeatedly selected, if the processor 24
finds, in step 182, that the user has indicated satisfaction, or
if in step 186 the step is below the limitations of the output
device 11, the method proceeds to step 188 where the
processor 24 adjusts the brightness setting to compensate for
ambient illumination. The remaining steps for
compensating, in the expert mode, the output device 11 are
identical to the method steps described with reference to
FIGS. 7B and 7C. The remaining steps of FIGS. 8B and 8C
are, therefore, numbered identically to FIG. 7B and 7C. The
method described above with reference to these steps in
FIGS. 7B and 7C applies to the identical steps in FIGS. 8B
and 8C.

Referring also now to FIGS. 7A, 7B, and 7C. In the expert
mode described with reference to FIGS. 8A, 8B, and 8C and
in the standard mode described with reference to FIGS. 7A,
7B, and 7C, it was assumed that both the achromatic card 44
and the glass and inside coatings of the front glass plate 48
reflect light independent of wavelength. If the achromatic
card 44, the glass and inside coatings of the front glass plate
48, or both do not reflect light independent of wavelength,
K, or K,, respectively, must account for the different reflec-
tivities. In this case K, would become (K, 5, K, 4, K,>), and
K, would become (K,y, Ky, K,). Where the subscripts X,
Y, and Z refer to the %, y, and z channels, respectively. In this
case, the processor 24 must determine the tristimulus values
of each channel of the ambient illumination separately.

Referring now to FIG. 9, a flowchart of the preferred
method to alter automatically the compensation of the output
of the output device 11 to account for changing ambient
illumination is shown. At different times the ambient illu-
mination in which the output device 11 operates may vary.
The system 10 can automatically re-calibrate the output
device 11 to match the changing ambient illumination. Each
time the processor 24 records the compensated electron
beams in the AIC 38 it also records the time at which the
ambient illumination was determined. A user may have the
system 10 automatically re-calibrate the output device 11 at
the time each day when the compensation was determined.
The system 10 can also automatically recalibrate the output
device 11 with reference to the date to account for changes
in the ambient illumination due to changes in the seasons.
The user must first, however, have the system 10 compen-
sate the output device 11 for the specific time. For example,
the output device 11 may be compensated at one bias at
10:00 a.m. and at another bias at 3:00 p.m. on a first day, or
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possibly on two different days. The system 10 may first set
the bias of the output device 11 at 10:00 a.m. each day at the
compensated beam currents determined at 10:00 a.m. on the
first day. The system 10 may then set the bias of the output
device 11 at 3:00 p.m. each day at the compensated beam
currents determined at 3:00 p.m. on the first day.

Beginning in step 230, the processor 24 determines if the -

automatic compensation is set by analyzing an automatic
compensation flag in the program memory 42. The user may
set the automatic compensation flag at any time. If the
automatic compensation flag is set, the processor 24, in step
32, accesses the AIC 38 and compares, in step 234, the times
at which the electron beams were calculated to the current
time that the processor 24 has generated on the system clock.
The processor 24 may compare only the time based on a
twenty-four hour clock, or may also compare the date. The
user may modify the times recorded in the AIC 38 so that the
output device 11 is automatically re-calibrated to a bias at
any time.

If the current time is equal a time stored in the AIC 38, the
processor 24, in step 236, accesses the AIC 38 to obtain the
beam currents associated with the time record that is equal
to the current time. The processor 24, in step 238, then
re-calibrates -the output device 11 using the beam current
values it just obtained from the AIC 38. The processor 24
uses the method described in pending U.S. patent applica-
tion Ser. No.: 08/036,349, to re-calibrate the output device
11. The method of re-calibration can run in the background
behind any other application being run by the components of
the system 10 when coupled in another yon Neuman archi-
tecture. Furthermore, the method shown in FIG. 9 may also
be run in the background. In step 240, the processor 24
determines if the user has requested that the present inven-
tion compensate the output device 11. The method also
reaches step 240 if, in step 230, the automatic compensation
flag was not set or if, in step 234, no time recorded in the
AIC 38 was equal to the current time. ¥ the user has
requested an adjustment, the processor 24, in step 242,
executes the method described with reference to FIGS. 7A,
7B, and 7C or with reference to FIGS. 8A, 8B, and 8C. After
the adjustment has been run in step 242 or if no request for
adjustment was found in step 240, the method returns to step
230. -

‘While the present invention has been described with
reference to certain preferred embodiments, those skilled in
the art will recognize that various modifications may be
provided. For example, the present invention may compen-
sate the output of a display means of any technology.
Furthermore, the present invention may compensate the
output of color printers, may compensate the development
of photographs, or may compensate any visual display.
These and other variations upon and modifications to the
preferred embodiments are provided for by the present
invention, which is limited only by the following claims.

‘What is claimed is:

1. A system for compensating the output of an output
device for reflected ambient illumination, the system com-
prising:

an output device having a controllable output and an input

for receiving an output signal to be output on the output
device; ’

a processor, having inputs and outputs, an output of the

processor coupled to the output device; and

a memory, having inputs and outputs coupled to receive

signals from and to send signals to the processor, the
memory including routines for displaying a first set of
discrete display regions on the output device, each
display region in the first set having a different optical
characteristic to provide a first range of optical char-
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acteristics for comparison to a reflection device with
predetermined reflectivity characteristics, and routines
for controlling the processor to adjust the output signal
based upon a first selected display region chosen from
the first set of discrete display regions to compensate
for the effects of ambient illumination.

2. The system of claim 1, wherein the memory includes
routines for displaying a second set of discrete display
regions on the output device, the second set of discrete
display regions including the first selected display region,
the second set of discrete display regions providing a second
range of optical characteristics for comparison to the reflec-
tion device, the second range of optical characteristics being
narrower than the first range of optical characteristics.

3. The system of claim 2, wherein the optical character-
istic is color.

4. The system of claim 2, wherein the optical character-
istic is intensity.

5. The system of claim 1, wherein the memory comprises:

a calibration memory, having inputs and outputs coupled
to the processor, for storing display characteristics of
the output device; and

a reflectivity memory, having inputs and outputs coupled
to the processor, for storing the reflectivity character-
istics of the output device.

6. The system of claim 5, wherein the calibration memory

and the refelctivity memory are read only memories.

7. The system of claim 5, wherein the memory further
comprises:

a K; memory, having inputs and outputs coupled to the
processor, for storing the reflectivity characteristics of
the reflection device, the reflectivity characteristics of
the reflection device including a first reflectivity con-
stant; and

a program memory, having inputs and outputs coupled to
the processor, for storing routines for controlling the
processor for determining the ambient illumination and
compensating the output of the output device for the
ambient illumination reflectivity memory are read only
memories.

8. The system of claim 7, wherein the routines for
controlling the processor determines the ambient illumina-
tion using the reflectivity characteristics of the output device
and the reflection device.

9. The system of claim 7, wherein the memory further
comprises a pointer memory, having inputs and outputs
coupled to the processor, for storing, in response to com-
mands from the processor, an adjustment made to the output
of the output device.

10. The system of claim 7, wherein the memory further
comprises a compensated output memory, having inputs and
outputs coupled to the processor, for storing, in response to
commands from the processor, bias values for the output
device compensated for ambient illumination reflected from
the output device.

11. The system of claim 7, wherein the processor further
comprises a current time generator.

12. The system of claim 11, wherein the compensated
output memory also stores, with each set of compensated
bias values, a record of the time at which such compensated
bias values were generated by the processor.

13. The system of claim 12, wherein the program memory
further comprises:

a time comparator for comparing the current time to data

stored in the compensated output memory; and

an output adjuster, in communication with the time
comparator, for automatically adjusting the output of
the output device according to data stored in the
compensated output memory.
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14. The system of claim 1, wherein the output device is a
computer monitor.

15. The system of claim 14, wherein the computer moni-
tor is one from the group of: a cathode ray tube, a liquid
crystal display, and a gas discharge display.

16. The system of claim 1, wherein the output device is a

printer.
17. The system of claim 1, wherein the output device is a

photograph developer.

18. The system of claim 1, wherein the reflection device
has uniform reflectivity for all wavelengths of visible light.

19. The system of claim 1, wherein the reflection device
is an achromatic card.

20. A method for compensating the output of an output
device for reflected ambient illumination, the method com-
prising the steps of:

providing a reflection device, having predetermined

reflectivity characteristics, for comparing to the output
of the output device;

adjusting the output of the output device to match the
reflection device by selecting one of a plurality of
output regions that matches the reflection device;

determining the tristimmlus values of the output device at

the adjusted level;

determining the ambient illumination reflected from the

output device using the determined tristimulus values
and reflectivity characteristics of the reflection device
and the output device; and

calibrating the output device to remove the effect of the

reflected ambient illumination from the output of the
output device.

21. The method of claim 20, wherein the step of deter-
mining the ambient illumination comprises the steps of:

calculating tristimulus values of the ambient illumination

reflected from the output device; and

generating a signal according to the calculated tristimulus

values.

22. The method of claim 21, wherein the step of calibrat-
ing comprises the step of applying the signal to reduce the
bias of the output device by the tristimulus value of the
ambient illumination reflected by the output device.

23. The method of claim 21, wherein the signal generated
in the generaling step is stored in a memory.

24. The method of claim 21, wherein the step of adjusting
comprises the steps of:

displaying on the output device a first output region and

a second output region that differs by a known amount
in color; and

selecting one of the first or second output regions that

most closely matches the reflection device.

25. The method of claim 21, wherein the step of adjusting
comprises the steps of:

displaying on the output device a first output region and

a second output region that differs by a known amount
in intensity; and

selecting one of the first or second output regions that

most closely matches the reflection device.

26. The method of claim 24, wherein the step of adjusting
further comprises the steps of:

designating the selected output region as the first output

region; and repeating the steps of displaying and select-
ing.

27. The method of claim 24 wherein the first output region
and the second output region are confined to outputs
approximately described by the black body radiation of
platinum.
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28. A system for adjusting color and intensity to compen-

sate for ambient illumination, the system comprising:

an output device having a controllable output and an input
for receiving an output signal to be output on the output
device, the output device having predetermined reflec-
tivity characteristics;

a first means, having inputs and outputs coupled to the
output device, for calibrating the output device to a
reference output;

a first adjustment means, having inputs and outputs
coupled to the first means and the output device, for
generating a signal to adjust the output of the output
device;

a determining means, having inputs and outputs coupled
to the first means, for determining the tristimulus
values of the output device at the adjusted level;

a calcnlating means, having inputs and outputs coupled to
the first means, the first adjustment means, and the
output device, for calculating the ambient illumination
reflected from the output device using the determined
tristimulus values of the output device, the reflectivity
characteristics of the output device, and the reflectivity
characteristics of the reference output; and

a second adjustment means, having inputs and outputs
coupled to the first means, the first adjustment means,
the calculating means, and the output device, for gen-
erating a signal to adjust the output of the output device
by the amonnt, calculated by the calculating means, of
ambient illumination reflected from the output device.

29. A method for compensating the output of an output

device for reflected ambient illumination, the method com-
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providing a reflection device, having predetermined
reflectivity characteristics, for comparing to the output
of the output device;

displaying a first set of discrete display regions on the
output device, each display region in the first set having
a different optical characteristic to provide a first range
of optical characteristics;

comparing the optical characteristics of the first set of
discrete display regions to the reflection device;

selecting a first selected display region from the first set
of discrete display regions; and

adjusting the output of the output device based upon the
first selected display region to compensate for the
effects of ambient illumination.,

30. The method of claim 29, further comprising:

displaying a second set of discrete display regions on the
output device, the second set of discrete display regions
including the first selected display region, the second
set of discrete display regions providing a second range
of display characteristics for comparison to the reflec-
tion device, the second range of optical characteristics
being narrower than the first range of display charac-
teristics; )

selecting a second selected display region from the second
set of discrete display regions; and

adjusting the output of the output device based upon the
second selected display region to compensate for the
effects of ambient illumination.

31. The method of claim 30, wherein the optical charac-

teristic is color.
32. The method of claim 30, wherein the optical charac-
teristic is intensity.
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