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Annotation. An analysisof colorimetric characteristics of television imageproduction systems based on
use several primary colors, more than three iseptesl. The case is considered when multi-primapyodiction of
images produced in UHDTV system is used. Quantéativaluations of the transmitted and reprodudaibler gamut

are presented.

Amnorauis. [IpoBeneHo aHami3 KOJTOPUMETPUUHHUX XaPAKTEPUCTHK CHCTEM BIATBOPEHHS TENEBi31HHHUX 300pa-
’KEeHb, 3ACHOBAHUX Ha BUKOPUCTAHHI JICKIJIBKOX, OiJIbLIC HIXK TPHOX, OCHOBHUX KOJIbOPIB. PO3riisaeThesi BUIIAIOK, KOIH
BHKOPUCTOBYETHCS BIITBOPEHHS 3 YUCIOM OCHOBHHX KOIIBOPIB, OUTBIINM TPHOX, 300pakeHb, BUPOOICHUX Y CHCTEMI
TBHBY. HaBeneHno KinbKIiCHI OMIHKA O0JIACTI IEpeaBaHuX 1 BiATBOPIOBAHUX KOJIHOPIB

INTRODUCTION

Table 5 of the Report ITU-R BT.2246-1 [1] gives@mplete classification of methods to expand the
colour gamut of image systems. The success of éhesystems is based on the implementation of thle en
devices, and from this point of view the two typéseproducing devices — laser and based on thefuse
multi-primary color (MPC) have great prospects.

Colour gamut transmitted in the UHDTV system isimed by triangle of colors specified in Recom-
mendation ITU-R BT.2020, and can be realized cotapler partially, depending on the technology rof i
age reproduction.

In some cases source signals for SDTV and HDTVbeaproduced from UHDTYV signals. It may be
supposed that for some applications colour gamuHiDTV systems can be used for SDTV and HDTV.

There are two alternative variants of technology.

The laser variant is complex and expensive. In [2] an example basethe use of lasers with a wave-
length corresponding to the primary colors coortisgyiven in Table 1 is shown. Triangle of colasthis
example of reproduction system is presented in @oisgn with the triangle of ITU-R BT.2020 in Figute

Table 1 — The chromaticity coordinates of the prim@olors and reference white
for example of reproducing system implementatiaregiin [2]

) ) Chromaticities coordinate
Primary colors and reference white » y
R 0.713 0.287
G 0.175 0.793
B 0.135 0.042
W 0.3127 0.0329

Area of a primaries triangle of this reproducingtgyn is 95 % of the area of the standard UHDTYV tri-
angle colors area. The currently implemented scanoptions for reproducing laser system is sintitathe
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standard HDTV. Thus, in [2] a reproducing systeme, level of which corresponds to the level of cioha-
try of UHDTYV system, but by resolution of imagesHDTV system, is presented

Variant based on MPC. Realization based on the MPC is not designethi®iuse of basic monochro-
matic colors, and is therefore limited in termscoforimetry system. Today the most interesting nec
solution regarding colorimetry system is the amlan of reproducing systems with more than threea-
ry colors. The publications [3-9] include embodintseaf the reproducing devices with 4, 5 and 6 pnma

colors.
09
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Figure 1 — CIEx,y chromaticity diagram of the laser TV system

Colour gamut, which can be reproduced by such systdepends on the implementation of the prin-
ciples and parameters, and is of considerableesitesince such systems are more perspective libadager
systems, despite the obvious drawback of the lanétieea of reproduced colors. This work providesrexa
ples of reproducing systems, based on the use Bfatd 6 primary colors, as well as an assessniiget o
producible color gamut. MPC technology is useddiffierent types of implementation of displays, aah
be considered the most effective technology ofza@bn with an extended area of reproducible cgéonut.

This document provides an assessment of area @f gamut that can be transferred in the UHDTV
systems built in accordance with the RecommendalibhR BT.2020 and reproduced in the MPC systems.

REPRODUCTION OF IMAGESBY SYSTEMSBUILT ON THE BASISOF MULTIPLE
PRIMARY COLORSPRODUCED IN SYSTEMSSDTV, HDTV, UHDTV

Systems in which the source signals are signakhree primary colors RGB, these signals can be
converted into image signals representing an aritnumber of basic color§, S,,..S, .

In this case, the absolute color coordinates inGHe XYZ are determined taking into account the
specified coordinates of primary colors of imageroglucing system -X,,Y;,Z,,i =1,2,..n (including co-

ordinates of the reference white colgy, ,, for a given brightnes¥) and image signal§,, S,,..S, .

The coordinates of the image colors CIE-31 arenéefiby equation:

XT] X, X, .. Xy 3
Y=Y, Y, ..., Sz
z| |z z, .. z, %

This equation may correspond to the inverse equabiot it is impossible to construct such equation
because the transformation matrix is not squarerdmiangular. In this case, the choice of primeolors
and their coordinates for transform is a problenthasinverse transform, we are faced with unceigaibhe
literature on the subject offers a number of raktvesansformations [3-9] and proposals for the mewdi
implementation of these systems [10-14]. Since phiblem can be solved by different methods ofgran
formation and there are a great choices, it caasbamed that the source colour within area of galonut that
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can be transmitted at a given brightness will peoduced within the area of color gamut definedhigypolygon of
N-component primary color reproducing system.

Thus, for a given brightness of each region tratiethiand reproduced colors can be constructed as
the intersection of these areas. On the basisi®fptinciple in the following sections are examptédata
transmitted and reproduced colors for the cases e UHDTYV system implemented in accordance with
Recommendation ITU-R BT.2020, as well as the rapeodn system is the display withprimary colors.

THE SYSTEM WITH FOUR PRIMARY COLORS

This section provides the projection of the colgamut, transmitted in light-to-light UHDTV system
with the characteristics defined in Recommendalidg-R BT.2020, and as a reproduction system is sup-
posed to use the system with the number of priroalyrs equal four.

The projections are presented on the plane of QIEf8omaticity coordinates and on the plane of
Cartesian coordinates @af, ,b;, uniform color spacel’,a,, ,b,, obtained with use of proposed by Luo et
al. [15] transformation of color spacd, a,, ,b,, of CIECAMO2 [16], which is the most perfect colaap-
pearance model at present time [17].

Here J - lightness;a,, = M [tosh, b, =M Osinh — chroma Cartesian coordinates, — color-
fulness, h — hue angle. The curves were constructed foriveldminance valuesy Dal, for adaptation
level L, =0,2L,,, whereL,, —the maximum brightness of reference white iméd/

Table 2 — CIE-3X,y coordinates of the four primary reproduction sgsfgimaries
with additional yellow (Ye) primary

i Value of primary colors
Coordinates
R G B Ye
X 0.677 0.154 0.147 0.456
y 0.315 0.773 0.045 0.535

Adapting luminance is taken equa{ = 50 cd/m, which corresponds to the maximum luminance of
250 cd/mMon white, average environment accepted. Referehdte v8 D¢z,
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Figure 1 — Area of transmitted and reproduced Figure 2 — Area of transmitted and reproduced

chromaticities through light-to-light system, when chromaticities through light-to-light system, when

used four colors reproduction with additional yello used four colors reproduction with additional yello
for Y=0.05 for Y=0.25
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Figure 3 — Area of transmitted and reproduced
chromaticities through light-to-light system, when
used four colors reproduction with additional yel-

low for Y=0.5

T T T T T T T

i i i i i
60 -40 20 0 20 40 60 80

Figure 4 — Area of transmitted and reproduced
chromaticities through light-to-light system, when
used four colors reproduction with additional yel-

low for Y=0.7
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Figure 5 — Area of transmitted and reproduced chtaities through light-to-light system, when udedr
colors reproduction with additional yellow fof = 0.9

Table 3 — CIE-3X,y coordinates of the four primary reproduction sgsfgimaries
with additional cyan (C) primary

Koopnunatst 3HayeHUs
R G B C
X 0.64 0.26 0.15 0.05
y 0.33 0.70 0.06 0.60
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Figure 6 — Area of transmitted and reproduced Figure 7 — Area of transmitted and reproduced
chromaticities through light-to-light system, when chromaticities through light-to-light system, when
used four colors reproduction with additional cyan used four colors reproduction with additional cyan

for Y=0.05 for Y=0.25
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Figure 8 — Area of transmitted and reproduced Figure 9 — Area of transmitted and reproduced
chromaticities through light-to-light system, when chromaticities through light-to-light system, when
used four colors reproduction with additional cyan used four colors reproduction with additional cyan

for Y=0.5 for Y=0.7

This section provides the projection of the colgamut, transmitted and reproduced in light-to-light
UHDTYV system with characteristics defined in Recasnitation ITU-R BT.2020, and as a reproduction sys-
tem is supposed to use the system with the nunfl@iroary colors equal five.
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Figure 10 — Area of transmitted and reproducedmhtiities through light-to-light system,
when used four colors reproduction with additionyn forY = 0.9

THE SYSTEM WITH FIVE PRIMARY COLORS
CIE-31x,y coordinates of the four primary reproduction sgsfgimaries with additional cyan

Table 4 — CIE-3X,y coordinates of the four primary reproduction sgste
primaries with additional yellow and cyan primaries

Coordinates Values
R G B Ye C
X 0.67 0.15 0.14 0.49 0.13
y 0.32 0.71 0.08 0.49 0.19

250 cd/mon white, average environment adopted.
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Figure 11 — Area of transmitted and reproduced
chromaticities through light-to-light system, when
used five primary colors reproduction with

additional yellow and cyan foy = 0.05

Figure 12 — Area of transmitted and reproduced
chromaticities through light-to-light system, when
used five primary colors reproduction with addi-

tional yellow and cyan fol¥ = 0.25
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Figure 13 — Area of transmitted and reproduced Figure 14 — Area of transmitted and reproduced
chromaticities through light-to-light system, when chromaticities through light-to-light system, when
used five primary colors reproduction with addi- used five primary colors reproduction with addi-
tional yellow and cyan fol¥ = 0.5 tional yellow and cyan fol = 0.7
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Figure 14 — Area of transmitted and reproduced mftiities through
light-to-light system, when used five primary caaeproduction with
additional yellow and cyan foY = 0.9

THE SYSTEM WITH SIX PRIMARY COLORS

CIE-31x,y coordinates of the six primary reproduction syspgimaries are shown on Figures 6, 7.

Table 5 — CIE-34,y coordinates of the reproduction system primarpiso]6]

_ Values
Coordinates
P, P, Ps P, Ps Ps
X 0.1711 0.1371 0.0823 0.3455 0.623P 0.6738
y 0.0317 0.0678 0.7099 0.6478 0.363B 0.2930
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Figure 15 — UHDTYV color primaries triangle and giimary reproduction
system [6] color primaries polygon, presented,ynchromaticity coordinates
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Figure 16 — Area of transmitted and reproduced Figure 17 — Area of transmitted and reproduced
chromaticities through light-to-light system, when chromaticities through light-to-light UHDTV
used six primary colors reproduction [6] for system, when used six primary colors
Y=0.05 reproduction [6] folY = 0.25
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Figure 18 — Area of transmitted and reproduced

chromaticities through light-to-light UHDTV
system, when used six primary colors

reproduction [6] forY = 0.5

Figure 19 — Area of transmitted and reproduced
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chromaticities through light-to-light UHDTV

system, when used six primary colors

reproduction [6] forY = 0.7
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Figure2U — Area ot transmitted and reproduced martaities through
light-to-light UHDTV system, when used six primarglors reproduction [6]

for Y=0.9
Table 6 — CIE-34, y coordinates of the primary colors in the reprothrcsystem [7]
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_ Values
Coordinates
P, P, Ps Py Ps Ps
X 0.1451 0.1643 0.0588 0.3080 0.6083 0.6941
y 0.0302 0.0124 0.5196 0.6804 0.3901 0.301L2
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Figure 21 — UHDTYV color primaries triangle and piimary reproduction device
color primaries [7] polygon, presentedxy chromaticity coordinates
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Figure 22 — Area of transmitted and reproduced  Figure 23 — Area of transmitted and reproduced
chromaticities through light-to-light UHDTV sys-  chromaticities through light-to-light UHDTV sys-
tem, when used six primary [7] colors reproduction tem, when used six primary [7] colors reproduction

for Y=0.05 for Y=0.25
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Figure 24 — Area of transmitted and reproduced  Figure 25 — Area of transmitted and reproduced
chromaticities through light-to-light UHDTV chromaticities through light-to-light UHDTV
system, when used six primary [7] colors system, when used six primary [7] colors
reproduction forY = 0.5 reproduction forY = 0.7
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Figure 26 — Area of transmitted and reproducedrmlatities through light-to-light
UHDTYV system, when used six primary [7] colors aghiction forY = 0.9
The presented data show that on condition thateptasion in uniform color space used the primaries
polygon of six primaries reproducing device is elds the boundary of chromaticity diagram. This nea
that if TV system colour primaries would be CIE-8]Y,Z primaries at image reproduction by such multi
primary devices, taking into account color gamyiresentation in uniform color space, TV system woul

reproduce perceptually almost all colors, exisimthe nature.

In the case of image transmission with use UHDTahdard [1] multi-primary reproducing devices

with six color primaries reproduce perceptually edtall color gamut transmitted by UHDTV system.
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The data presented to some extent characterize WH@pportunities at multi-primary reproducing
devices use and demonstrate the effect of presamtite colorimetric characteristics of TV systeimghe
uniform color space.
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