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(57) ABSTRACT 

A novel process of visual calibration of a computer display 
or the like in volves adjusting the appearance and relative 
appearance of targets and su targets displayed on the display. 
An objective method is provided for determining the pre 
cisely optimal brightness setting for CRT displays, Which 
method is also applicable to the setting of the “Black Level” 
control on some FPDs. A precise method is provided to visu 
ally determine conformity of a display’s tonality to a given 
standard tone curve, for example a gamma 1.8 curve, Which 
is embodied in one of the preferred calibration target sets. 
The need to sense and therefore be able to control and to 
verify the correct gray balance of the entire tone scale of the 
display is met. The problem of verifying the similarity of the 
tone curve in the display pro?le and that of the actual cali 
bration is solved. By converting a preferred RGB gamma 
target into CIE Lab image data through an ideal display 
pro?le of the correct gamma, a neW kind of target is taught. 

35 Claims, 15 Drawing Sheets 
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VISUAL CALIBRATION TARGET SET 
METHOD 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application claims the bene?t of US. Provisional 
Application No. 60/185,969, ?led Mar. 1, 2000. 

FEDERALLY SPONSORED RESEARCH OR 
DEVELOPMENT 

Not applicable. 

CD-R APPENDIX 

This application includes a one-disk CD-R Appendix, the 
full contents of which are incorporated by reference herein. 
The disk contains the following ?les, listed by ?le name, 
creation date and ?le size in bytes: “ColorBlind Video Star 
tup” created Jun. 22, 1999, 100K; “ColorBlindiVideoi 
Startup.exe” created Sep. 16, 1999, 160K; “Completei 
Text.txt” created Feb. 22, 2001, 40K; “Contentsiofi 
CD.txt” created Feb. 22, 2001, 4K; “Lab Color Space 
Pro?le” created Aug. 4, 1997, 7K; “Prove it!” created Aug. 
27, 1999, 4,116K; “Prove it! Installer” created Jul. 20, 1999, 
2,251K; “Prove itiBetaexe” created Jul. 16, 1999, 
11,555K; and “ProveiitiSetupexe” created Nov. 18, 1999, 
7,432K. 

FIELD OF THE INVENTION 

This invention relates to the calibration of computer moni 
tor displays, more particularly to a method of monitor cali 
bration using target set screen displays and no supplemental 
light-measuring instrument. 

BACKGROUND OF THE INVENTION 

Introduction 

The invention makes possible a new and superior method 
for calibrating visual display devices. When using computer 
systems to view, control and/or print graphics or 
photographs, it is often critically important that the com 
puter displays be calibrated to a chosen standard condition. 

Once a display (also called a “monitor,” particularly when 
referring to computer displays) is calibrated to a known 
state, techniques can then be employed to cause the display 
to accurately simulate the appearance of an image or graphic 
as it appears on, or when printed from, or as seen by another 
digital imaging device. Absent correct calibration, such 
simulations become inaccurate in like degree. The capability 
for accurate simulation is of tremendous importance to digi 
tal imaging in general. Therefore, display calibration is an 
important issue for many people. 

The current invention can also be applied to the calibra 
tion of television set displays and all other types of analog or 
digital displays having many levels of intensity in each color 
channelitypically three channels, one each for red, green 
and blue. 

The current invention is embodied in commercially avail 
able software for display calibration called ColorBlind 
Prove it! from ITEC Color Solutions, San Diego, Calif. The 
software exists in both Macintosh and Windows versions. 
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2 
About the PriorArt for Visual Calibration 

The prior art makes visual (instrumentless) calibration 
possible, but in no case does it teach a complete method for 
obtaining high-quality calibration. The prior art furthermore 
fails to address a variety of signi?cant problems inherent in 
display calibration. 
The Knoll Gamma version 2.0 application (see FIG. 2), 

published by Adobe Systems Incorporated of San Jose, 
Calif., provides an incomplete system, which is capable of 
visual calibration of low to moderate quality. 

US. Pat. No. 5,298,993 by Albert Edgar and James Kas 
son teaches certain useful principles of visual calibration, 
including the use of targets. 

US. Pat. No. 5,638,117 by Peter Engledrum and William 
Hilliard uses areas of parallel lines in a visual characteriza 
tion process. 

The Default Calibrator application from Apple Computer, 
Inc. of Cupertino, Calif, (see FIG. 3), which is a part of the 
program entitled ColorSync 2.5 and later, teaches a crude 
method for display calibration. This is prior art for only that 
part of the present invention called Gray Balance Method 
One (see FIG. 11, “Gray Balance Method One Target”). The 
three lined blended-region-and-solid sub-targets of FIG. 3 
are red, green and blue, from left to right. 

The image ?le “GammaiEstimation” (see FIG. 4), from 
Candela, Ltd. (now Pictographics International Corporation) 
of Burnsville, Minn., teaches a method of identifying the 
current overall gamma from a broad range of possible over 
all gammas with the use of a gradient. 

The image ?le “Current Gamma” (see FIG. 5), published 
by Adobe Systems Incorporated of San Jose, Calif., in the 
program entitled PageMaker 6.5, teaches another method to 
identify the current overall gamma from a broad range of 
possible overall gammas. 
The image ?le “Gamma 1.8.tif” (see FIG. 6), also 

included with Adobe PageMaker version 6.5 software, from 
Adobe Systems Incorporated of San Jose, Calif., together 
with Knoll Gamma 2.0.1 and an explanatory text ?le entitled 
“Gamma Read Me,” teaches an improvement in the accuracy 
of the veri?cation of a ?xed gamma. However, “Gamma 
1.8.tif” has signi?cant limitations with regard to its ability to 
reliably reveal the correct gamma within each of several dis 
tinct subsegments of the tone scale because of the way in 
which tones were chosen to construct the target and the lim 
ited number of sub-targets used. “Gamma 1.8.tif” looks at 
six regions of the tone scale which all overlap a great deal 
and therefore can obscure the true nature of any observed 
departure from the gamma curve being sought, thus hinder 
ing ef?cient adjustment to achieve ideal gamma 1.8 tonality. 
Like all visual gamma adjustment targets, “Gamma 1.8.tif" 
also cannot be used to verify conformity of any display to 
other gamma curves, such as 2.2. The target of FIG. 6 com 
prises various lined blended-region-and-solid sub-targets 
each having a repeating pattern comprising the alternation of 
a single lighter row with a single darker row (each row being 
the same height) juxtaposed with a gray solid region of a 
value between the lighter and darker values. 

The Basic Elements of the Calibration Process 

The standard condition to which a display is calibrated is 
de?ned partially by the inherent colors, or chromaticities, of 
the display’s purest red, green and blue colors. In the case of 
a common CRT (cathode ray tube) type display, these colors 
of red, green and blue are determined primarily by the 
colors, or chromaticities, of the phosphors used in the tube. 
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In the case of a ?at panel display (FPD), these colors are 
determined by the mechanism of the display Which created 
the primary colors, Which is alWays different from that of 
CRTs. 

The three other principal aspects of display calibration are 
not ?xed by the nature of the hardWare itself (that is, the 
display or monitor). These three other aspects of display 
calibration are: 

l) Calibrating the White point, ie the color of the dis 
play’s White (independent of its brightness), also knoWn as 
its Hue and Chroma, also knoWn as its x,y coordinates from 
the X+Y+Z=l plane of the CIE XYZ color space; 

2) Calibrating its gray balance so that each gray that it 
displaysifrom black (the darkest color the display can dis 
play in a given state of calibration) all the Way to White (the 
brightest color the display can display in a given state of 
calibration)ihas the same color as the White (also knoWn as 
the same Hue and Chroma, also knoWn as the same x,y 

coordinates); and 
3) Calibrating the “gamma” or tone curve of the display so 

that the Way it displays the full range of input values from 
black to White folloWs the desired progression of luminous 
intensities. Typically, the full range of digital input values 
sent from the computer’s video circuitry to the display is the 
range from RGB (0, 0, 0) to RGB (255, 255, 255) Where 
each color channel has a range of 256 (tWo to the eighth 
poWer) values. Gamma curves are a subset of all possible 
tone curves and have certain mathematical properties. Dis 
plays generally need to be calibrated to a gamma curve to 
function properly as a calibrated display in a color managed 
system of imaging devices. 
TWo other aspects of display calibration are: 
1) Calibration of absolute White intensity; and 
2) Calibration of absolute black intensity. 
In addition to the aspects of display calibration mentioned 

above, there are particular adjustments of so-called hardWare 
controls, such as the Brightness, Contrast, Color, Bias, and 
Gain controls on CRT displays, Which adjustments affect 
and/or are part of the processes of calibration mentioned 
above. The affected processes include calibration of the 
White point, the gray balance, the gamma, the ab solute While 
intensity, and the absolute black intensity. 

Flat panel displays (FPDs) exhibit different natural tone 
curves and White points from CRTs, and typically have dif 
ferent kinds of hardWare controls, Which affect the appear 
ance of data displayed by these displays. FPDs also require 
calibration, for essentially the same reasons that CRT dis 
plays do. 

The PriorArt of Display Calibration, In General 

Display calibration techniques in the prior art can be bro 
ken doWn into tWo main categories of calibration. 
One such category is instrumented calibration, Where 

many steps in the Whole process of calibrating a display are 
carried out by attaching a photometer, colorimeter or spec 
trophotometer to the surface of the display. The attendant 
display calibration softWare causes a variety of colors to be 
displayed by the display. Color measurement readings are 
taken by the colorimeter (or other instrument), and the soft 
Ware utiliZes these readings to facilitate most or all aspects 
of the calibration process. 

The other main category of display calibration is visual 
calibration, Which is accomplished Without a photometer, 
colorimeter, spectrophotometer, or spectroradiometer for the 
measurement of the display and instead relies on a variety of 
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4 
techniques, methods and processes to accomplish essentially 
the same things as the instrumented calibration processes. 
Central to the visual calibration processes are visual targets 
Which provide visual feedback regarding the state of the 
display, Which then alloW the user to make informed adjust 
ments to the display using both the built-in display controls 
and visual calibration softWare. The visual calibration soft 
Ware modi?es the video card LookUp Tables (LUTs) in 
response to user adjustments of sliders and like on-screen 
softWare controls. The softWare may also perform a variety 
of related functions such as automated sequential presenta 
tion of the visual calibration targets and their attendant tool 
interfaces, presentation of user instructions, and user educa 
tion in relevant matters. 

Each type of calibration, instrumented and visual, can be 
implemented With Widely varying degrees of success, and 
the visual methods are potentially and generally more eco 
nomical due to the lack of the need for a light measuring 
instrument. The present application concerns itself primarily 
With visual calibration and not With instrumented calibra 
tion. 

Both types of calibration can be accomplished With a 
myriad of variations in the exact details of implementation 
and methods, but the prior art in visual calibration is inad 
equate in several key respects, Which frequently makes it 
inadequate for high-quality Work. This is due to limitations 
on its ability to detect and to overcome inherent problems 
With the nature of the display hardWare’s behavior and also 
due to limitations in the ability of the user to have con?dence 
in the accuracy of a calibrated state achieved by prior art 
visual calibration methods. These problems are solved by 
the present invention. To a signi?cant degree, the same prob 
lem of user uncertainty about the accuracy achieved by 
instrumented calibration methods also exists and is solved 
by the present invention. 

SUMMARY OF THE INVENTION 

The present invention relates to a novel process of visual 
calibration of computer displays. The current invention 
addresses all of the signi?cant shortcomings of the prior art 
and, for the ?rst time, provides a method for complete, high 
quality calibration of displays, particularly all computer dis 
plays. It successfully addresses each of the ?ve speci?c 
problems in the prior art. 

First, the current invention provides an objective visual 
method for determining the precisely optimal brightness set 
ting for CRT displays, Which method is also applicable to the 
setting of the “Black Level” control on some FPDs. Accurate 
brightness or black level setting or its equivalent tone control 
in the video card LUTs is a requirement for achieving any of 
the necessary standard tone curves. Prior art solutions to 
setting the brightness gave vague and subjective assessments 
of the shadoW tonalities, Which derive from the range of 
possible brightness settings. By ?nding a certain tonal rela 
tionship betWeen tWo adjacent or slightly overlapping tone 
regions close to black, the desired curve shape can be found, 
by user adjustment of the brightness control While looking at 
the target, Which is appropriate to the level of ?are in their 
system. The system includes at least the hardWare, the video 
LUTs and the vieWing environment. 

Second, the current invention provides a precise method 
to visually determine conformity of a display’s tonality to a 
given standard tone curve, for example a gamma 1.8 curve, 
Which is embodied in one of the preferred calibration target 
sets of the invention. The current invention clearly reveals 
conformity With the standard tone curve for each relevant 
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sub-region of the tone scale, thus assuring a visual tone 
match betWeen the displayed image and the image data 
When simulations are performed (see FIGS. 13*17). The 
prior art methods provide only limited ability to verify the 
actual tonality of a display and its conformity to a standard 
tone curve, because the methods of the prior art do not reveal 
the tonality of each relevant subsection of the tone curve. 
Also, some prior art methods rely on a gridded or halftone 
pattern of mixed dark and light tones instead of a pattern of 
alternating horiZontal lines, rendering them essentially use 
less for reliable tone calibration of CRT displays because of 
limitations of the electronics of CRT displays. The present 
invention relies primarily on patterns of mixed light and dark 
tones, Which consist of horiZontal lines containing only one 
value, for gamma or tonality assessment. The invention 
relies primarily on such lined patterns, Which complement 
the nature of currently ubiquitous display hardWare used for 
imaging. The invention also makes it feasible to implement a 
solution Which, in the visual calibration targets, includes the 
mixing of pixels of different values in individual, horiZontal 
roWs of pixels, especially in the Gray Balance Method TWo 
procedure and target. Flat panel displays, Which are not in 
Widespread use for imaging, are likely to be much better 
suited to use With such mixed pixel values in individual hori 
Zontal roWs of pixels in the visual calibration targets than are 
CRT displays of the present day. The invention also makes it 
possible to combine the gamma and gray balance adjustment 
functions into a single target set Which relies on a combina 
tion of patterns such as described beloW in the Gray Balance 
Method TWo targets (see FIGS. 9 and 23). 

Third, the current invention is unique in meeting the need 
to sense and therefore be able to control and to verify the 
correct gray balance of the entire tone scale of the display. A 
process of visual comparison of the color (Chroma and Hue, 
or x,y coordinates) of each major region of the tone scale to 
that of the White is provided. The prior art at best only facili 
tated visual assessment of the gray balance of a portion of 
the tone scale. Side-by-side comparison of most of the colors 
in question is used, With each seen at the same lightness, 
instead of highly disparate lightnesses. Most importantly, a 
pattern of alternating tones arranged in lines is used Which 
extends the ability to vieW adjacent, same-lightness gray 
regions not only to the midtones or upper midtones, but to 
the three-quartertone and quartertone regions of the tone 
scale as Well. A second preferred embodiment extends this 
reach to a darker value still, essentially covering the entire 
tone scale. The three-quartertone, midtone and quartertone 
regions are not merely the regions of 25%, 50% and 75% 
luminance, rather, they are the more Widely spaced regions 
ofroughly 25%, 50% and 75% ofthe Zero to 255 RGB input 
values scale of a display calibrated to a common gamma 
standard, such as 1.8 or 2.2 (see FIG. 9, illustrating What is 
referred to herein as Gray Balance Method TWo, the ?rst of 
tWo preferred embodiments of this part of the invention). In 
each of tWo preferred embodiments shoWn, a gray scale is 
added to the three or four lined-versus-solid sub-targets to 
augment the ability to sense and correct gray balance errors 
near black and to verify the approximate gray balance of the 
entire tone scale. In the case of a display calibrated to a 
gamma of 2.2, the absolute luminosity of the midtone is 
roughly 25% to 30% of that of the White and the absolute 
luminosity of the three-quartertone is roughly 6% of that of 
the White. 

The second preferred embodiment of the gray balance 
capability of the invention (see FIGS. 23, 24 and 25, illus 
trating What is referred to herein as Gray Balance Method 
TWo, Increased Precision) extends the ability to see even 
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6 
further into the shadoWs by utilizing a pattern of dots, at the 
risk of making this embodiment function less ideally With 
CRT displays, in terms of correct lightness in the blended 
areas. This embodiment alloWs double the gray balance 
matching precision in the three-quartertones, relative to the 
?rst embodiment, and brings precise-matching to an even 
darker value of RGB (40, 40, 40) in this target example 
designed for use at gamma 2.2. This is more than 5/6ths of 
the Way from White to black in the input value scale, and is a 
tone Which, in this case of a gamma 2.2 version of the target, 
equals only 2% of the absolute luminosity of the White. This 
second preferred embodiment also increases the precision of 
the quartertone matching When used With displays having 
color crossovers in the lighter half of the tone scale. Flat 
panel displays are more prone to this problem than are CRT 
displays. Numerous variations on this part of the invention 
are possible, as necessitated by the nature of the display, the 
nature of the softWare interface, or the need for simplicity in 
the method. For example, more sub-targets can be added at 
almost any lightness Where user control is needed to force 
correct tonality or gray balance. Also, a single target set of a 
type broadly similar to the Gray Balance Method TWo, 
Increased Precision target (see FIGS. 23, 24 and 25) can be 
used for both gamma and gray balance adjustment. By com 
bining tones in neW and more complex patterns than the 
prior art, the invention makes it possible to extend gray bal 
ance from the White to a midtone value, and from there to 
other values, and so on, until all important parts of the tone 
scale have been reached With the ability to match them to the 
color of the White. 
The same extension of the user’s ability to see into the 

three-quartertones and quartertones provided by the current 
invention as seen in FIG. 9, is found in the secondary gray 
balance method of the current invention (see FIG. 11, illus 
trating What is referred to herein as Gray Balance Method 
One). In this case the user is taught to rely on matching 
lightness instead of matching Chroma and Hue, because the 
target splits the image into its separate red, green and blue 
channels (see sub-target roWs 2101, 2102 and 2103 of FIG. 
11). 

Fourth, to solve the problem of verifying the similarity of 
the tone curve in the display pro?le and that of the actual 
calibration, a neW method is presented in the current inven 
tion. By converting a preferred RGB gamma target, such as 
that discussed above and shoWn in FIG. 13, into CIE Lab 
image data through an ideal display pro?le of the correct 
gamma, a neW kind of target is created. This Lab gamma 
target has an identical appearance to that of the original RGB 
gamma target if and only if the transformation through a 
selected display pro?le from Lab back to RGB is the precise 
reverse of the original transformation. Deviations in the 
appearance of the RGB and Lab gamma targets, seen With 
the aid of soft-Ware created to implement the targets and 
methods of the present invention, reveal any mismatch 
betWeen the pro?le and the calibration that affects the gray 
scale of an image. 

Fifth, the above features of the current invention make the 
use of a visual calibration method based on most or all of the 

above features a practical, realistic, economical, and highly 
effective solution to high-quality display calibration. Even 
the sum of all prior art does not teach a complete solution to 
high-quality visual display calibration, and so visual calibra 
tion has alWays been relegated to a strictly second-class role. 
NoW visual calibration can be of such high quality as to be 
the best method to verify instrumented calibration success or 
failure under most circumstances. 

To complete the process of making a display ready for 
imaging Work, a pro?le must be made or obtained Which 
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complements the calibration. When instrumented display 
calibration is performed, it is typical of softWare used for 
this purpose to also make a pro?le from information about 
the display obtained by measurement. For the visual 
approach to Work Well, the remaining information Which 
describes the correct absolute color of the display White and 
the display’s pure red, green and blue must be obtained. 
Fortunately, all four of these numerical values can readily be 
obtained With su?icient precision to complete the process of 
readying a display for performing high-quality simulations 
and color matching, Without the necessity of user measure 
ment of the display. 

Other novel features Which are characteristic of the 
invention, as to organiZation and method of operation, 
together With further objects and advantages thereof Will be 
better understood from the folloWing description considered 
in connection With the accompanying draWing, in Which pre 
ferred embodiments of the invention are illustrated by Way 
of example. It is to be expressly understood, hoWever, that 
the draWing is for illustration and description only and is not 
intended as a de?nition of the limits of the invention. The 
various features of novelty that characterize the invention are 
pointed out With particularity in the claims annexed to and 
forming part of this disclosure. The invention resides not in 
any one of these features taken alone, but rather in the par 
ticular combination of all of its structures for the functions 
speci?ed. 

There thus has been broadly outlined the more important 
features of the invention in order that the detailed description 
thereof that folloWs may be better understood, and in order 
that the present contribution to the art may be better appreci 
ated. There are, of course, additional features of the inven 
tion that Will be described hereinafter and Which Will form 
additional subject matter of the claims appended hereto. 
Those skilled in the art Will appreciate that the conception 
upon Which this disclosure is based readily may be utiliZed 
as a basis for the designing of other structures, methods and 
systems for carrying out the several purposes of the present 
invention. It is important, therefore, that the claims be 
regarded as including such equivalent constructions insofar 
as they do not depart from the spirit and scope of the present 
invention. 

Further, the purpose of the Abstract is to enable the US. 
Patent and Trademark O?ice and the public generally, and 
especially the scientists, engineers and practitioners in the 
art Who are not familiar With patent or legal terms or 
phraseology, to determine quickly from a cursory inspection 
the nature and essence of the technical disclosure of the 
application. The Abstract is neither intended to de?ne the 
invention of this application, Which is measured by the 
claims, nor is it intended to be limiting as to the scope of the 
invention in any Way. 

Certain terminology and derivations thereof may be used 
in the folloWing description for convenience in reference 
only, and Will not be limiting. For example, Words such as 
“upWard,” “doWnWard,” “left,” and “right” Would refer to 
directions in the draWings to Which reference is made unless 
otherWise stated. Similarly, Words such as “inWard” and 
“outWar ” Would refer to directions toWard and aWay from, 
respectively, the geometric center of a device or area and 
designated parts thereof. References in the singular tense 
include the plural, and vice versa, unless otherWise noted. 
BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a simple gray scale for vieWing on screen to 

detect gray balance errors crudely; 
FIG. 2 is the complete prior art Knoll Gamma 2.0.1 soft 

Ware interface; 
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8 
FIG. 3 is the prior art Apple Default Calibrator gamma 

target; 
FIG. 4 is the prior art Candela Gamma Estimation target; 
FIG. 5 is the prior art Adobe Current Gamma target; 
FIG. 6 is the prior art Adobe Gamma 1.8 target; 
FIG. 7 is a ?rst FloW Chart, shoWing detailed steps of 

display calibration according to an embodiment of the cur 
rent invention; 

FIG. 8 is a second FloW Chart, shoWing basic steps of 
display calibration according to an alternate embodiment of 
the current invention; 

FIG. 9 is a preferred embodiment of one of the tWo gray 
balance methods of the present invention, in this example for 
use at gamma 1.8, called Gray Balance Method TWo, includ 
ing both the Gray Balance Method TWo target and, beloW it, 
one preferred user interface tool for making adjustments; 

FIG. 9A is an enlarged three-quartertone sub-target detail 
from the left side of the Gray Balance Method TWo target of 
FIG. 9; 

FIG. 9B is an enlarged midtone sub-target detail from the 
center of the Gray Balance Method TWo target of FIG. 9; 

FIG. 9C is an enlarged quartertone sub-target detail from 
the right side of the Gray Balance Method TWo target of FIG. 
9; 

FIG. 10 is a post-calibration version of FIG. 9, Which 
approximately simulates in a schematic manner the appear 
ance of the Gray Balance Method TWo target When ideal 
calibration is completed; 

FIG. 11 is a preferred embodiment of the second of the 
tWo gray balance methods of the present invention, in this 
example for use at gamma 1.8, called Gray Balance Method 
One, shoWing the Gray Balance Method One target, Wherein 
the upper three sub-targets are red, the middle three are 
green, and the loWer three are blue; 

FIG. 12 is a version of the target of FIG. 11, Which 
approximately simulates in a schematic manner the appear 
ance of the target When ideal calibration is completed; 

FIGS. 13 and 14 are before and after (approximately 
simulated in a schematic manner) versions of a preferred 
embodiment of a Gamma target design of the present inven 
tion for use at gamma 1.8, With FIG. 13 including a preferred 
user interface for making adjustments; 

FIG. 13B is an enlarged detail section of the target of FIG. 
13; 

FIGS. 15, 16 and 17 together shoW the eight sections of a 
gamma 1.8 tone curve Which correspond to the sub-targets of 
the Gamma target of the present invention shoWn in FIG. 13, 
each curve sub-section corresponding to one of the eight 
sub-targets in FIG. 13; 

FIG. 18 shoWs a three-part Brightness and Contrast target 
for gamma 1.8 of the present invention; 

FIG. 19 shoWs a Brightness target for gamma 2.2 of the 
present invention; 

FIG. 20 shoWs the toe of a display’s tone curve and the 
points in it Which correspond to the four points of a Bright 
ness target of the present invention, thus revealing the prin 
ciple of operation of the brightness targets of the invention; 

FIGS. 21 and 22 shoW a luminosity curve and a set of gray 
balance curves (red plus green plus blue) respectively, Which 
Figures together illustrate the nature of saved user adjust 
ments to the video LUTs from a preferred embodiment of 
the present invention; 

FIG. 23 shoWs the target for an alternate preferred 
embodiment of one of the tWo gray balance methods of the 






































