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(57) ABSTRACT 

Acolor reproduction system includes a color conversion unit 
for displaying a color image on a multi-primary-color dis 
play. The color conversion unit includes a maximum bright 
ness signal calculating unit for calculating signals corre 
sponding to three color reproduction area corners as the 
corners of a plane that constitute a color reproduction area 
surface of the display. The three color reproduction area 
corners surround the vectors of input tristimulus values. The 
maximum brightness signal calculating unit calculates a 
Weighting factor obtained When the input tristimulus values 
are expressed as a linear sum of the tristimulus values of the 
color reproduction area corner vectors. The color conversion 
unit includes a color image signal calculating unit for 
calculating a color image signal used to display the input 
tristimulus values, on the basis of the signals corresponding 
to the color reproduction area corners and the Weighting 
factor. 
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COLOR REPRODUCING SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a Division of application Ser. 
No. 09/510,787 ?led Feb. 23, 2000. 

[0002] This application is based upon and claims the 
bene?t of priority from the prior Japanese Patent Application 
No. 11-048042, ?led Feb. 25, 1999, the entire contents of 
Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0003] This invention relates to a color reproduction sys 
tem including a color image processing apparatus for obtain 
ing an input color image signal used to display any desired 
color on a color image display. 

[0004] In general, display apparatuses such as CRT dis 
plays, liquid crystal displays, liquid crystal projectors, etc. 
are Widely used as means for reproducing a digital color 
image input by an image input device such as a color 
scanner, a digital camera, etc. 

[0005] In these display apparatuses, various colors are 
usually reproduced by additive color mixture of three pri 
mary colors RGB (red, green and blue). 

[0006] The color gamut (color reproduction area) that can 
be reproduced on a display is limited to a region in Which 
each color is expressed as the sum of color vectors of the 
three primary colors in the three-dimensional color space. 
For example, in a CRT display for reproducing colors using 
three kinds of ?uorescent substances, i.e. Red, Green and 
Blue, the color reproduction area corresponds to a hexahe 
dron having corners (0, 0, 0), (Xr, Yr, Zr), (Xg, Yg, Zg), (Xb, 
Yb, Zb), (Xr+Xg, Yr+Yg, Zr+Zg), (Xg+Xb, Yg+Yb, 
Zg+Zb), (Xb+Xr, Yb+Yr, Zb+Zr), (Xr+Xg+Xb, Yr+Yg+Yb, 
Zr+Zg+Zb), assuming, that (Xr, Yr, Zr), (Xg, Yg, Zg) and 
(Xb, Yb, Zb) represent X, Y and Z data Which belongs to the 
CIE1931 color system (XYZ color system) Which are 
obtained When RGB ?uorescent substances emit maximum 
light respectively. 

[0007] FIG. 16 schematically shoWs a color reproduction 
area in the XYZ space of such a three-primary-color display. 
If this area is expressed using an xy chromaticity diagram, 
it corresponds to the interior of a triangle formed by the 
chromaticity of each primary color, as is shoWn in FIG. 17. 

[0008] In the display using the additive color mixture of 
three primary colors RGB as the color reproduction prin 
ciple, the relationship betWeen RGB signal values input to 
the display and XYZ values of each color displayed thereon 
is uniquely determined in the color reproduction area of the 
display. 

[0009] If it is assumed that the emission spectrum of each 
primary color is independent of the intensity of any other 
primary color, and the relative spectral distribution does not 
depend upon the intensity of emission (i.e., the chromaticity 
does not vary even if the emission intensity varies), the X, 
Y and Z data of a to-be-displayed color corresponding to 
input RGB values are given by the folloWing formula: 

Jul. 24, 2003 

X Xr Xg Xb 

Y : Yr Yg Yb 

Z 

R’ (1) 

G, 

B, 

[0010] Where Xr, Xg and Xb represent the respective X 
data items obtained When the RGB ?uorescent substances 
emit maximum light, similarly, Yr, Yg and Yb represent the 
respective Y data items obtained When the RGB ?uorescent 
substances emit maximum light, and Zr, Zg and Zb represent 
the respective Z data items obtained When the RGB ?uo 
rescent substances emit maximum light. Further, yr, yg and 
Yb represent functions indicating the relationship betWeen 
the input signal value and the output luminescence, and R‘, 
G‘ and B‘ represent signal values normaliZed so that they Will 
be “1”When the RGB ?uorescent substances emit maximum 
light. 

[0011] From the reverse relationship of the above, input 
RGB values for displaying desired X, Y and Z data are given 
by the folloWing formula: 

R = 7;‘ (R’) (Z) 

G = 7;‘ (G’) 

B = 751 (B’) 

R’ Xr Xg Xb *1 X 

G’ : Yr Yg Yb Y 

B’ Zr Zg Zb Z 

[0012] Where “—1” indicates inverse function and inverse 
matrix. Thus, in the three primary color display, it is easy to 
model the relationship betWeen XYZ data and RGB values, 
and a conversion method using matrix conversion and 
gradation correction is generally used as described in 
“COLOR IMAGE DUPLICATION” (Written by Johji 
Tajima and published by MaruZen Co., Ltd.). 

[0013] If in the three primary color display, a point (X, Y, 
Z) falls out of the color reproduction area of the display, one 
of R‘, G‘ and B‘ obtained from the formula (2) is “negative” 
or “higher than 1”. 

[0014] As described above, in the display apparatus using, 
as the principle, the additive color mixture of three primary 
colors, the area determined by the chromaticity coordinates 
of each primary color is the color reproduction area. In order 
to enlarge the color reproduction area, it is considered to 
increase the chroma of each primary color or to increase the 
number of primary colors. 

[0015] For example, as is disclosed in NHK Technology 
Research Published Documents (published by NHK Broad 
casting Technology Research, Tokyo 1995), an attempt has 
been made to realiZe a Wider color reproduction area than the 
conventional three-primary-color display by using four pri 
mary colors instead of three primary colors. 
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[0016] FIGS. 18 and 19 show a color reproduction area in 
the XYZ space of the four primary color display, and a color 
reproduction area in the xy chromaticity diagram, respec 
tively. 
[0017] Also in the case of a multi-primary-color display 
using a number N of primary colors not less than four 
primary colors, the XYZ data of each to-be-displayed color 
corresponding to signal values can be given by the folloWing 
formula that is obtained by generaliZing the formula (1): 

[0018] The conversion from XYZ data into signal values, 
Which is considered a reverse relationship With respect to the 
formula (3), is not directly executed except for the surface 
of the color reproduction area of the multi-primary-color 
display. 
[0019] It is necessary to execute conversion With signal 
values corresponding to X, Y and Z determined on the basis 
of certain conditions. For example, Japanese Patent Appli 
cation KOKAI Publication No. 6-261332 discloses a color 
conversion method employed in a multi-primary-color dis 
play. 
[0020] In a conversion method as a ?rst invention of the 
application, color reproduction is executed using the linear 
sum of three primary colors selected on the basis of the 
chroma values of input colors. In this method, accurate color 
reproduction can be executed Within a range in Which 
reproduction can be realiZed on the basis of the selected 
three primary colors. HoWever, since the method does not 
consider a color reproduction area in the direction of bright 
ness in the multi-color display, it cannot deal With all 
reproducible input colors. 

[0021] Moreover, in a second invention disclosed in the 
above publication, linear conversion is executed using mul 
tiple primary colors. In this case, hoWever, it is not guaran 
teed Whether a solution that imparts a positive value to any 
primary color signal can be obtained. Accordingly, there is 
a case Where even a reproducible input color cannot accu 
rately be reproduced. 

[0022] To execute accurate color reproduction, the color 
conversion method for display apparatuses including a 
multi-primary-color display that uses four or more primary 
colors needs to satisfy the folloWing conditions: 

[0023] First, colorimetrically accurate color repro 
duction can be executed. 

[0024] Second, there is continuity betWeen XYZ data 
and signal values. 
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[0025] Third, conversion that satis?es the above con 
ditions is executed Within all the color reproduction 
area. 

[0026] In addition to the above conditions, high-speed 
conversion is demanded. Moreover, it is desirable that 
colorimetrically accurate conversion can be executed even 
Where additive color mixture cannot strictly be executed (i.e. 
even Where the emission spectra of primary colors are not 
independent of each other). 

BRIEF SUMMARY OF THE INVENTION 

[0027] It is the object of the invention to provide a color 
reproduction system including a multi-primary-color display 
Which can realiZe colorimetrically accurate color reproduc 
tion, can impart continuity betWeen XYZ data and signal 
values, and can use its color reproduction area to the 
maximum extent. 

[0028] According to an aspect of the invention, there is 
provide a color reproduction system having color image 
display means, and color conversion means for converting 
input tristimulus values into a color image signal to be input 
to the color image display means, Wherein the color con 
version means comprising: maximum brightness signal cal 
culating means for calculating three color reproduction area 
corner vectors that indicate three corners of a plane consti 
tuting a color reproduction area surface of the color image 
display means, the three color reproduction area corner 
vectors surrounding vectors of the input tristimulus values, 
the maximum brightness signal calculating means also cal 
culating a Weighting factor obtained When the input tris 
timulus values are expressed as a linear sum of tristimulus 
values of the color reproduction area corner vectors; and 
color image signal calculating means for calculating a color 
image signal used to display the input tristimulus values, on 
the basis of signal values corresponding to the color repro 
duction area corner vectors and the Weighting factor. 

[0029] According to another aspect of the invention, there 
is provided a color reproduction system having color image 
display means, and color conversion means for converting 
input tristimulus values into a color image signal to be input 
to the color image display means, Wherein the color con 
version means comprising: chromaticity area calculating 
means for calculating a chromaticity area surrounded by 
corners of planes constituting a color reproduction area 
surface of the color image display means; matrix calculating 
means for calculating matrix data that provides a relation 
ship betWeen tristimulus values of the corners and the color 
image signal; matrix data storage means for storing the 
matrix data in relation to the chromaticity area; and color 
image signal calculating means for converting the input 
tristimulus values into the color image signal, using part of 
the matrix data selected on the basis of chromaticity values 
of the input tristimulus values. 

[0030] The color reproduction system constructed as 
above can convert image data XYZ into signals to be input 
to a display that realiZes colorimetrically accurate reproduc 
tion, and can satisfy the conditions that there must be 
continuity betWeen XYZ data and signal values, and that the 
color reproduction area must be used to the maximum 
extent. As a result, the system can realiZe accurate corre 
spondence betWeen the XYZ data and the signal values even 
in the case of a display in Which additive color mixture 
cannot strictly be executed. 
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[0031] Additional objects and advantages-of the invention 
Will be set forth in the description Which follows, and in part 
Will be obvious from the description, or may be learned by 
practice of the invention. The objects and advantages of the 
invention may be realiZed and obtained by means of the 
instrumentalities and combinations particularly pointed out 
hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0032] The accompanying drawings, Which are incorpo 
rated in and constitute a part of the speci?cation, illustrate 
presently preferred embodiments of the invention, and 
together With the general description given above and the 
detailed description of the preferred embodiments given 
beloW, serve to explain the principles of the invention. 

[0033] FIG. 1 is a schematic vieW illustrating a multi 
primary-color projector system as a color reproduction sys 
tem according to a ?rst embodiment of the invention; 

[0034] FIG. 2 is a graph useful in explaining the spectra 
of four primary colors employed in the ?rst embodiment; 

[0035] FIG. 3 is a block diagram illustrating an example 
of a detailed structure of an image output unit appearing in 
FIG. 1; 

[0036] FIG. 4 is a block diagram illustrating an example 
of a detailed structure of a color conversion unit appearing 
in FIG. 3; 

[0037] FIG. 5 is a vieW shoWing an example of a structure 
for measuring a display pro?le; 

[0038] FIG. 6 is a block diagram shoWing an example of 
a structure of a display signal calculation unit appearing in 
FIG. 4; 

[0039] FIG. 7 is a graph useful in explaining planes that 
constitute the color reproduction area of a four-primary 
color display; 

[0040] FIG. 8 is a vieW useful in explaining the relation 
ship betWeen XYZ data and a maximum brightness signal; 

[0041] FIG. 9 is a vieW useful in explaining the concept 
of a maximum brightness vector; 

[0042] FIG. 10 is a block diagram shoWing an example of 
a structure of a color conversion unit employed in a multi 
primary-color projector system as a color reproduction sys 
tem according to a second embodiment of the invention; 

[0043] FIG. 11 is a graph illustrating an example of 
tWo-dimensional table data used for calculating a chroma 
ticity area; 

[0044] FIG. 12 is a vieW illustrating an example of a 
multi-primary-color overlapping display system as an image 
processing system according to a third embodiment of the 
invention; 

[0045] FIG. 13 is a vieW shoWing a color reproduction 
area on the xy chromaticity plane of a six-primary-color 
display incorporated in the third embodiment; 

[0046] FIG. 14 is a vieW illustrating an image output unit 
incorporated in the six-primary-color display system of the 
third embodiment; 
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[0047] FIG. 15 is a vieW shoWing a modi?cation of the 
third embodiment, in Which a dome-shaped screen is used; 

[0048] FIG. 16 is a graph shoWing a color reproduction 
area in the XYZ space of a conventional three-primary-color 
display; 
[0049] FIG. 17 is a graph shoWing a color reproduction 
area on the xy chromaticity diagram of the conventional 
three-primary-color display; 
[0050] FIG. 18 is a graph shoWing a color reproduction 
area in the XYZ space of the conventional four-primary 
color display; and 

[0051] FIG. 19 is a graph shoWing a color reproduction 
area on the xy chromaticity diagram of the conventional 
four-primary-color display. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0052] The embodiments of the invention Will be 
described in detail With reference to the accompanying 
draWings. 
[0053] FIG. 1 is a -schematic vieW illustrating a color 
reproduction system according to a ?rst embodiment of the 
invention. 

[0054] This color reproduction system comprises an 
image data input unit 1 for creating image data by executing 
predetermined processing on an input image, projectors 3 
and 4 for projecting an image onto a screen 2, and an image 
output unit 5 for converting image data from the image input 
unit 1 and outputting the converted data to the projectors 3 
and 4. 

[0055] Using, at the time of image input, data on the 
spectral response characteristic of the image input unit and 
on illumination light used at the time of the image input, the 
image data input unit 1 converts color image data input by 
an image input unit such as a digital camera, a color scanner, 
etc. (not shoWn), into image data that consists of XYZ data 
belonging to the CIE1931 color system and imparted to each 
pixel. The converted data is output to the image output unit 
5. 

[0056] The image output unit 5 converts the XYZ data into 
(primary color) signals C1 and C2 to be input to the 
projector 3, and also into (primary color) signals C3 and C4 
to be input to the projector 4, thereby outputting them. The 
projectors 3 and 4 having received the signals project, onto 
the screen 2, a four-primary-color image reproduced on the 
basis of the input signals C1, C2, C3 and C4. 

[0057] Suppose that the projectors 3 and 4 have the same 
structure except for their respective primary color spectra to 
be projected onto the screen 2, and that the positions of 
images to be projected onto the screen 2 are adjusted in 
advance so that they Will accurately coincide With each other 
as shoWn in FIG. 1. 

[0058] FIG. 2 shoWs emission spectra of primary colors 
C1, C2, C3 and C4 of the projectors 3 and 4. As shoWn, the 
emission spectra of the four primary colors distribute Within 
a visible Wavelength range of 380-780 nm. 

[0059] Referring then to FIG. 3, the image output unit 5 
appearing in FIG. 1 Will be described. The image output unit 
5 comprises a color conversion unit 6 and output boards 7 
and 8. 
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[0060] The color conversion unit 6 converts XYZ data 
input by the image data input unit 1 into input signals C1, 
C2, C3 and C4 to the projectors 3 and 4 for reproducing an 
image on the screen 2. The input signals C1, C2, C3 and C4 
are input to the projectors 3 and 4 via the output boards 7 and 
8, respectively. 
[0061] Referring to FIG. 4, a speci?c structure of the 
color conversion unit 6 Will be described. 

[0062] The color conversion unit 6 includes a pro?le data 
storage unit 9 that stores pre-measured pro?le data of the 
projectors 3 and 4; a maximum-brightness-signal calculation 
unit 10 for calculating the signal values (color reproduction 
area corner signals) of the corner vectors of the color 
reproduction area surfaces of a display, Which enclose the 
XYZ data, and also calculating their Weighting factors, using 
the pro?le data; and a display signal calculation unit 11 for 
converting the XYZ data into the input signals C1, C2, C3 
and C4 on the basis of the color reproduction area corner 
signals, their Weighting factors and gradation characteristic 
data included in the pro?le data. The pro?le data storage unit 
9 stores XYZ data obtained When each primary color 
?uorescent substance emits maximum light, and gradation 
characteristic data Which imparts the relationship betWeen 
input signal values and emission brightness. 

[0063] These data items are obtained by displaying on the 
screen 2 a patch image 12 of a sample signal value for each 
primary color, and measuring its XYZ data in synchronism 
With the display of the image by means of a spectropho 
tometer (or colorimeter) 13, as shoWn in FIG. 5. 

[0064] The obtained measurement data is input to the 
image output unit 5, Where it is converted into data of a 
predetermined format. This data is then stored as pro?le data 
in the pro?le data storage unit 9. The maximum-brightness 
signal calculation unit 10 supplies the display signal calcu 
lation unit 11 With color reproduction area corner signals 
corresponding to the XYZ data of the corners of color 
reproduction area surfaces that enclose input XYZ data (i.e. 
XYZ data of color reproduction area corners), and also With 
a Weighting factor obtained When the XYZ data is expressed 
as the linear sum of the XYZ data of color reproduction area 
corners. 

[0065] Since each primary color signal of the color repro 
duction area corners indicates “0” or “maximum emission”, 
XYZ data can be calculated by adding, to a corresponding 
Weighting factor, XYZ data obtained When a primary color 
corresponding to a primary color signal is at its maximum 
emission. 

[0066] The method for calculating the color reproduction 
area corner signal Will noW be described in detail. 

[0067] The surfaces of the color reproduction area of the 
four-primary-color display consist of tWelve quadrilateral 
planes, and the plane Which the XYZ vector intersects is one 
of eight planes except for the four planes that pass the origin. 

[0068] The quadrilaterals on the chromaticity diagram 
shoWn in FIG. 7 indicate the planes, each corner of Which 
consists of a combination of signal values that make each 
primary color have “maximum value” or “0”. These quad 
rilaterals are each divided into tWo triangles, Whereby the 
number of surfaces is 16. Then, Which triangle contains the 
XYZ data is determined by examining the triangles one by 
one. 
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[0069] More speci?cally, the determination Which triangle 
contains the XYZ data is executed in the folloWing manner. 
The XYZ data is expressed as the linear sum of the XYZ 
values (X1, Y1, Z1), (X2, Y2, Z2) and (X3, Y3, Z3) of the 
corners of a triangle, using formula []Further, 
Weighting factors 0t, [3 and y for the XYZ vectors of the 
corners are obtained using formula The XYZ data of 
each corner is calculated on the basis of the XYZ data of 
each primary color at maximum emission. 

[0070] If the Weighting factors 0t, [3 and y are all “positive” 
, it is determined that the XYZ data is contained in the 
presently examined triangle. On the other hand, if at least 
one of the factors 0t, [3 and y is “negative”, it is determined 
that the XYZ data is not contained in the triangle. Further, 
if it is determined that all of the Weighting factors 0t, [3 and 
y have all positive values and at least one of them is higher 
than “1”, or that the XYZ data is not contained in any 
triangle in all the color reproduction area surfaces, it is 
determined that the XYZ data does not fall Within the color 
reproduction area of the display. 

X X1 X2 X3 11 (4) 

Z Z1 Z2 23 y 

11 X1 X2 X3 *1 X (5) 

7 Z1 Z2 23 Z 

[0071] The display signal calculation unit 11 includes a 
linear signal calculation unit 14 and a gradation correcting 
unit 15 as shoWn in FIG. 6. 

[0072] The linear signal calculation unit 14 calculates 
display signals (Q1, Q2, Q3, Q4) having a linear relationship 
to XYZ data, on the basis of the Weighting factors and color 
reproduction area corner signals (C11, C12, C13, C14), 
(C21, C22, C23, C24) and (C31, C32, C33, C34) corre 
sponding to color reproduction area corners P1, P2 and P3, 
using the folloWing formula: 

Q1 C11 C21 C31 (6) 

Q2 C12 C22 C32 a 

Q3 C13 C23 C33 

Q4 C14 C24 C34 

C11 C21 C31 

[0073] FIG. 8 shoWs the relationship betWeen XYZ data 
and the color reproduction area corners P1, P2 and P3. 

[0074] Display signals obtained using the formula (6) are 
identical to those obtained by multiplying, by a constant 
value k, input XYZ data to calculate signal values Q1m, 
Q2m, Q3m and Q4m that impart maximum brightness XYZ 
(XmYmZm) data, and then multiplying them by l/k. 
[0075] Since a signal value corresponding to XYZ data 
can be determined as an output-alloWable signal on the color 
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reproduction area surfaces of the display, a colorimetrically 
accurate signal value corresponding to XYZ data that is 
obtained by multiplying the XmYmZm data by a predeter 
mined constant value and has a loWer brightness than the 
XmYmZm data can be calculated using a single conversion 
matrix. 

[0076] FIG. 9 tWo-dimensionally shoWs the relationship 
betWeen XYZ data, maximum brightness XYZ data and the 
color reproduction area of the display. 

[0077] The gradation correcting unit 15 subjects each 
linear signal (Q1, Q2, Q3, Q4) input from the linear signal 
calculation unit 14 to gradation correction using gradation 
characteristic data contained in the pro?le data, and outputs 
the correction results as display signals (C1, C2, C3, C4) to 
the output boards 7 and 8. Gradation correction is executed 
using formula (7) that includes an inverse function r'1 With 
respect to the gradation data Which imparts output brightness 
values to input signals. 

c4=y;1(Q4) (7) 
[0078] The above-described processing for obtaining a 
display signal from XYZ data is executed for each pixel, and 
the obtained display signal is input to the display unit. As a 
result, a colorimetrically accurate color image can be dis 
played. 

[0079] Although in the embodiment, projectors are used as 
color image display units, the invention is not limited to this. 
The invention is also applicable to any optional display, such 
as a CRT display, a liquid crystal display, etc., Which uses a 
mixture of primary color beams as a color reproduction 
principle. 

[0080] Further, although the embodiment employs four 
primary colors, the number of primary colors is not limited 
to four, but any number N not less than three may be 
employed. 

[0081] In this case, the number of planes that constitute the 
color reproduction area surfaces is N(N—1). Any primary 
color may be used, and the invention is not limited to such 
a color of a high chroma as employed in the embodiment. 

[0082] Moreover, although four primary color display is 
realiZed by tWo projectors, a single projector may be used if 
it can execute four primary color display. 

[0083] In addition, although in the embodiment, the color 
reproduction area corner XYZ data is calculated by adding, 
to a corresponding Weighting factor, the XYZ data obtained 
When a primary color corresponding to a primary color 
signal is at its maximum emission, the XYZ data corre 
sponding to each combination of primary color signals of 
each color reproduction area corner may be measured in 
advance as pro?le data. Since in this case, the measurement 
data can be used as the color reproduction area corner XYZ 
data, highly, accurate conversion can be executed even in a 
display that cannot satisfy additive color mixture condition. 

[0084] Referring then to FIG. 10, an example of an image 
processing apparatus according to a second embodiment of 
the invention Will be described. This embodiment has a 
similar structure to the above-described ?rst embodiment 
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except for a color conversion unit 16, and therefore only the 
characteriZing section, ie the color conversion unit 16, of 
the second embodiment Will be described. 

[0085] The color conversion unit 16 comprises a chroma 
ticity area calculation unit 17, a pro?le data storage unit 18, 
a matrix data calculation unit 19, a matrix data storage unit 
20, a matrix operation unit 21 and a gradation correcting unit 
22. 

[0086] The chromaticity area calculation unit 17 calcu 
lates XYZ data (color reproduction area corner XYZ data) 
corresponding to signals (color reproduction area corner 
signals) indicating the corners of the planes of the quadri 
laterals that constitute the color reproduction area surfaces 
of the display, on the basis of combinations of XYZ data 
items stored in the pro?le data storage unit 18 and obtained 
When each primary color is at its maximum emission. The 
calculated data is input to the matrix data calculation unit 19. 

[0087] The chromaticity area calculation unit 17 obtains 
an area of the chromaticity plane, Which is enclosed by the 
color reproduction area corner XYZ data, and supplies it as 
chromaticity area data to the matrix data storage unit 20. The 
matrix data calculation unit 19 calculates color reproduction 
area corner XYZ data of three of the four corners obtained 
by the chromaticity area calculation unit 17, and color 
reproduction area corner signal values corresponding 
thereto, thereby calculating matrix data and inputting it to 
the matrix data storage unit 20. The matrix data storage unit 
20 stores the matrix data in relation to chromaticity area 
data. The matrix data of a k-th color reproduction area 
surface is given by the folloWing formula: 

[0088] Where Cij(k) represents the j-th (j=1-4) signal value 
of the i-th (i=1-3) color reproduction area corner of the k-th 
(k=1-8) area. Similarly, Xi(k) represents the X data of the 
i-th corner of the k-th area. The same can be said of Y and 
Z. 

[0089] As is shoWn in FIG. 11, the correspondence 
betWeen matrix data and chromaticity areas is given by a 
tWo-dimensional table that stores an area number h using a 
predetermined sample chromaticity value as an address. 

[0090] The above-mentioned processing is executed on all 
chromaticity areas g. 

[0091] The matrix operation unit 21 converts XYZ data 
input from the image data input unit 1, into display signals 
using the pre-prepared matrix data and tWo-dimensional 
table data. 

[0092] First, XYZ data is converted into chromaticity data 
xy, then the area number k to Which the data xy belongs is 
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obtained from the tWo-dimensional table, and display sig 
nals (Q1, Q2, Q3, Q4) are calculated using matrix data 
corresponding to li and the following formula: 

[0093] The display signals are input to the gradation 
correcting unit 22, Where they are corrected using gradation 
characteristic data contained in the pro?le data. The cor 
rected data is output to the output boards 7 and 8. 

[0094] Referring to FIG. 12, an eXample of an image 
processing apparatus according to a third embodiment of the 
invention Will be described. 

[0095] In the third embodiment, siX primary color display 
is eXecuted by siX-primary-color display units 23-26 each 
including tWo projectors and a screen divided into four 
portions. More speci?cally, four combinations of projectors, 
i.e. eight projectors in total, are used to establish a siX 
primary-color overlapping display system With an enlarged 
color reproduction area, Which can display very ?ne images. 

[0096] For eXample, the siX-primary-color display unit 23 
consisting of projectors 23a and 23b displays a color image 
formed of siX primary colors on a screen component A that 
constitutes an upper left portion of the screen. Similarly, 
projectors 24, 25 and 26 display images of siX primary 
colors on screen components B, C and D, respectively. 

[0097] This siX-primary-color display system eXecutes 
color conversion in a similar manner to the four-primary 
color display employed in the ?rst or second embodiment, 
and eXecutes siX primary color display by assigning three 
primary colors to each projector included in each combina 
tion. 

[0098] FIG. 13 schematically illustrates a color reproduc 
tion area on the Xy chromaticity diagram for the siX-primary 
color display. 

[0099] In a multi-primary-color-overlapping display sys 
tem such as a siX-primary-color-overlapping display system, 
it is necessary to eXecute image positioning and color 
matching Within each display area, as Well as positioning of 
projected images in the different display areas. 

[0100] A method for positioning to-be-overlapped images 
is disclosed in Japanese Patent Application KOKAI Publi 
cation No. 9-326981 proposed by the same applicant as the 
present application. This technique is also applicable to the 
positioning of images projected by tWo projectors that 
constitute a multi-primary-color display. 

[0101] Further, although in an overlapping display system, 
it is also necessary to match to-be-overlapped images in 
color or brightness, this kind of matching is not a big 
problem in the system using projectors of the same type in 
Which there is no great difference in structure and charac 
teristics. 

[0102] HoWever, in a multi-primary-color-overlapping 
display system, a great number of primary colors are used 
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and hence it is highly possible that even slight differences in 
structure and characteristics betWeen projectors Will cause 
not a slight in?uence on the entire image. Therefore, a color 
correction device is necessary for each display area. 

[0103] FIG. 14 shoWs an image output device including a 
device for performing such correction. 

[0104] The image output device employed in the third 
embodiment comprises a geometric correction unit 27 for 
performing correction, a color conversion unit 28 for creat 
ing, by conversion, a signal to be supplied to projectors, and 
output boards 29-32 for outputting image data to the respec 
tive projectors. 

[0105] The geometric correction unit 27 creates X‘ Y‘ Z‘ 
image data that is obtained on the basis of very ?ne image 
data consisting of the XYZ data of each piXel input by the 
image data input unit 1, and that is obtained by correcting the 
position of each projector and/or geometrical distortion of 
data input thereto. For further particulars concerning the 
correction processing of the geometric correction unit 27, 
see the aforementioned publication No. 9-326981. 

[0106] The color conversion unit 28 converts XYZ image 
data to be input to each projector, into a signal to be input 
thereto on the basis of the pro?le data of each projector 
obtained by measurement. Since the color conversion 
method employed in the color conversion unit 28 is the same 
as that described in the second embodiment, no description 
Will be given of the method. 

[0107] FIG. 15 shoWs another eXample of the multi 
primary-color-overlapping display system as a modi?cation 
of the third embodiment. This system has a screen of a dome 
shape, ie a screen of a curved surface. It is a matter of 
course that the projection surface of the screen is not limited 
to this shape, but may be a ?at surface, a spherical surface, 
a curved surface or a combined surface thereof. Basically, it 
suf?ces if a single projection surface is seen from the 
projector side. For eXample, the screen may have a stepped 
surface Which is, hoWever, seen ?at from the projection side 
of the projectors. Alternatively, the screen may have a 
plurality of surfaces arranged parallel to each other so that 
they Will be seen as a single projection surface from the 
projector side. 

[0108] In the multi-primary-color-overlapping display 
system constructed as above, an image formed using an 
optional number of primary colors and consisting of an 
optional number of overlapping images can be projected on 
a screen of any desired shape, and a color image of an 
eXcellent color reproductivity, a Wide angle of ?eld and a 
high resolution can be displayed. 

[0109] As described above in detail, the invention pro 
vides a color reproduction system including a multi-pri 
mary-color display, Which can realiZe colorimetrically accu 
rate color reproduction, continuity betWeen XYZ data and 
signal values, and maXimum use of its color reproduction 
area. 

[0110] Additional advantages and modi?cations Will 
readily occur to those skilled in the art. Therefore, the 
invention in its broader aspects is not limited to the speci?c 
details and representative embodiments shoWn and 
described herein. Accordingly, various modi?cations may be 



US 2003/0137610 A1 

made Without departing from the spirit or scope of the 
general inventive concept as de?ned by the appended claims 
and their equivalents. 

What is claimed is: 
1. A color reproduction system comprising: 

color image display means; 

color conversion means for converting input XYZ image 
data having XYZ values indicating piXels in a CIE 
color system, into data Which is alloWed to be input in 
the color image display means, 

Wherein the color image display means includes a screen 
and a plurality of color image projection means, the 
screen being divided into a plurality of areas Which 
correspond to the plurality of color image projection 
means, respectively; each of the plurality of color 
image projection means including four or more primary 
colors, and the plurality of color image projection 
means being designed to project respective images onto 
the screen such that the images constitute a single 
image. 

2. A color reproduction system according to claim 1, 
Wherein the color image projection means comprisess a 
combination of a plurality of color image projection units 
including different primary colors. 

3. A color reproduction system according to claim 2, 
Wherein each of the color image projection units includes a 
plurality of primary colors. 

4. A color reproduction system according to claim 2, 
Wherein the color image projection means comprises at least 
one color image projection unit including a plurality of sets 
of primary colors different from a primary color included in 
another color image projection unit to be combined With said 
at least one color image projection unit. 

5. A color reproduction system according to claim 3, 
Wherein each of the color image projection units includes a 
set of three primary colors. 

6. A color reproduction system according to claim 5, 
Wherein the color image projection means combines tWo of 
the color image projection units, to thereby achieve projec 
tion of a color image With siX primary colors, one of said tWo 
of the color image projection units including a set of three 
primary colors different from a set of three primary colors of 
the other of said tWo of the color image projection units. 

7. A color reproduction system according to claim 1, 
Wherein the screen includes at least one of a ?at surface, a 
spherical surface and a curved surface. 

8. A color reproduction system according to any one of 
claims 1 to 7, Which further comprises a geometric correc 
tion unit for producing X‘Y‘Z‘ image data in Which correc 
tion is eXecuted With respect to at least one of a position and 
geometrical distortion of each of the color image projection 
means corresponding to the areas, on the basis of input XYZ 
image data having XYZ values indicating piXels in a CIE 
color system. 

9. A color reproduction system according to any one of 
claims 2 to 6, Which further comprises a geometric correc 
tion unit for producing X‘Y‘Z‘ image data in Which correc 
tion is eXecuted With respect to at least one of a position and 
geometrical distortion of the color image projection units on 
the basis of input XYZ image data having XYZ values 
indicating piXels in a CIE color system. 
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10. A color reproduction system according to any one of 
claims 1 to 7, Wherein the color conversion means converts 
the XYZ image data to the plurality of color image projec 
tion means corresponding to the areas, into signals to be 
input to the plurality of color image projection means, by 
using pro?le data obtained by measuring the plurality of 
color projection means, respectively. 

11. A color reproduction system according to any one of 
claims 1 to 7, Which further comprises a geometric correc 
tion unit for producing X‘Y‘Z image data in Which correction 
is executed With respect to at least one of a position and 
geometrical distortion of each of the color image projection 
means corresponding to the areas, on the basis of input XYZ 
image data having XYZ values indicating piXels in a CIE 
color system, and Wherein the color conversion means 
converts the X‘Y‘Z‘ image data into signals to be input to the 
plurality of color image projection means, by using pro?le 
data obtained by measuring the plurality of color projection 
means, respectively. 

12. A color reproduction system according to any one of 
claims 1 to 7, Which further comprises a geometric correc 
tion unit for producing X‘Y‘Z‘ image data in Which correc 
tion is eXecuted With respect to at least one of a position and 
geometrical distortion of each of the color image projection 
units on the basis of input XYZ image data having XYZ 
values indicating piXels in a CIE color system, and Wherein 
the color conversion means converts the X‘Y‘Z‘ image data 
into signals to be input to the plurality of color image 
projection means, by using pro?le data obtained by mea 
suring the plurality of color projection means, respectively. 

13. An image correcting method for a color reproduction 
system Which comprises a screen divided into a plurality of 
areas, and a plurality of image projection means each 
including four or more primary colors and respectively 
corresponding to the plurality of areas, the color reproduc 
tion system being designed to project images from the 
plurality of color image projection means onto the screen 
such that the images constitute a single image, the image 
correcting method comprising: 

inputting XYZ image data having XYZ values indicating 
piXels in a CIE color system; 

producing X‘Y‘Z‘ image data in Which the input XYZ 
image data is corrected With respect to one of a position 
and geometrical distortion of each of the plurality of 
color image projection means; and 

converting the X‘Y‘Z‘ image data into signals to be input 
to the plurality of color image projection means, by 
using pro?le data obtained by measuring the plurality 
of color projection means, respectively. 

14. An image correcting method for a color reproduction 
system Which, comprises a screen divided into a plurality of 
areas, and a plurality of image projection units including 
different primary colors, and constituting a plurality of color 
image projection means each including four or more primary 
colors corresponding to the plurality of areas of the screen, 
the color reproduction system being designed to project 
images from the plurality of color image projection units 
onto the screen such that the images constitute a single 
image, the image corroding method comprising: 
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inputting XYZ image data having XYZ values indicating 
pixels in a CIE color system; 

producing X‘Y‘Z‘ image data in Which the input XYZ 
image data is corrected With respect to one of a position 
and geometrical distortion of each of the color image 
projection units; and 
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converting the X‘Y‘Z‘ image data into signals to be input 
to the plurality of color image projection means, by 
using pro?le data obtained by measuring the plurality 
of color projection means, respectively. 


