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Abstract
This article builds the 3D gamut with three primary colors and standard white light of the laser TV, compares the
reproduction gamut of the laser TV and liquid crystal display, qualitatively analyses the difference of their gamut
characteristic, and quantificationally calculates the 2D gamut coverage ratio and 3D gamut volume. The result
shows that compared with 2D gamut, 3D gamut can be more comprehensive and objective for evaluating the
monitor’s color performance. This article also puts forward the realization rate of target gamut and gamut efficiency
as the important parameters to evaluate the 3D reproduction ability of the displayer, thereby the objective
evaluation system is created for the displayer. Using this system, this article evaluates the color effects of the future
laser TV. It provides the theoretical values for ultra high-definition television system.
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1. Introduction
System of the recommendation ITU-R BT.709 [1] can
only provide part of the visible colors that the human eyes
can see. Because the reference RGB primaries defined in
the recommendation were determined from the colorimetric characteristics of the phosphors generally adopted
for a CRT monitor. So far, ITU-R BT.709 has being international recommendation for television broadcasting
system whose gamut is called conventional gamut. But
recent years, flat panel displays and cameras tend to be
capable of reproducing and capturing more saturated
colors located beyond the conventional gamut [2,3].
In August 2012, the International Telecommunication
Union (ITU) put forward the ultra-high-definition television (UHDTV) Recommendation ITU-R BT.2020 [4].
The realization of this recommendation can offer more
realistic sensation, higher transparency to the real world,
and more accurate visual information compared with
HDTV system [5]. It realizes the wide-gamut display in
the true sense. However, the three primary colors of
UHDTV are located in the spectral locus. It is difficult
to achieve its specified gamut for the existing liquid
crystal display (LCD), plasma display panel displayers, so
it is necessary to develop a kind of displayer to fulfill the
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recommendation UHDTV. Due to the good monochromaticity and high color purity of the laser [6], using the
laser TV cannot only ensure the color of the reconstruction image, but also display the high saturation colors
which are difficult to see in nature. In all, the future
laser TV will be a development tendency to achieve the
wide-gamut of UHDTV.
This article analyzes the reproduction gamut of the future laser TV with the constructed 3D gamut, and defines
the performance parameters to evaluate the reproduction
ability objectively. Finally, this article compares the gamut
range between the future laser TV and the system of
UHDTV/ITU-R BT.709.

2. The comparative analysis of 2D chromaticity
characteristic for the laser TV and LCD
This article selects a laser TV [7] to compare with the
traditional LCD. The chromaticity coordinates of three
primary colors and standard white light for the two display
equipments are shown in Table 1, and the chromaticity
diagram in CIE-u’v’ color space is illustrated in Figure 1.
As shown in Figure 1, the three primary colors’ coordinates of laser TV are located on the spectrum locus. Its
gamut that is the color scope fully contains the gamut of
LCD. After transforming the chromaticity coordinates of
the display device to CIE-u’v’ color space, 2D gamut
coverage ratio [8] of laser is obtained. It is 59.43% far
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Table 1 Chromaticity coordinates of the laser TV/LCD
Coordinates
Primary colors

Laser
x

y

LCD
u’

v’

x

y

u’

v’

Red

0.713

0.287

0.5684

0.5147

0.6357

0.3412

0.4367

0.5273

Green

0.175

0.793

0.0575

0.5866

0.2795

0.6124

0.1142

0.5630

Blue

0.135

0.042

0.167

0.1169

0.1425

0.0572

0.1676

0.1514

White

0.3127

0.329

0.1978

0.4683

0.2726

0.2863

0.1851

0.4375

higher than the color gamut coverage ratio of LCD’s
33.5%. That is to say that in 2D chrominance space
without luminance factor, the color display effect of laser
TV is better than the traditional LCD displayer.

3. The comparative analysis of 3D chromaticity
characteristic for laser TV and LCD
3.1. Establish 3D gamut of displayers

CIE-LAB color space was established in 1976. It is
more in line with the human visual requirements
than others, and is considered as a uniform color
space. So, 3D gamut of displayers are accomplished in
CIE-LAB space, and the chromatic coordinates of
colors are L*, a*, and b*.
First of all, take the laser TV as an example to establish
3D gamut of laser TV in the CIE-LAB color space [9],
which contains the luminance information and human
eyes characteristic. According to the chromaticity coordinates of laser’s three primary colors in Table 1, the relation

equation between the tristimulus values and unit amount
of three primary colors [10] is found:
2

3
0:0623 0:1534 0:174
4 0:2508 0:6951 0:0541 5
0
0:028 1:0608

ð1Þ

Re, Ge, Be is, respectively, the unit amount of the R,
G, B. Therefore, the brightness equation of laser TV is
Y ¼ 0:2508Re þ 0:6951Ge þ 0:0541Be

ð2Þ

According to the brightness equation of laser TV and
the principle of additive mixing color, the brightness of
laser TV which belongs to [0,1] can be divided into seven intervals, they are [0,0.0541], [0.0541,0.2508], [0.2508,0.3049],
[0.3049,0.6951], [0.6951,0.7492], [0.7492,0.9459], and [0.9459,1],
a total of eight brightness layers. Combined with formula 1, the gamut boundary points are found in this
eight different brightness levels separately, and the tristimulus values of these points are transformed to the
CIE-LAB color space. Thus the constructive 3D gamut
of laser TV is shown as the part that envelope line surrounds in Figure 2.
3.2. The comparative analysis of 3D chromaticity
characteristic for laser TV and LCD displayer

Figure 1 CIE-u’v’ chromaticity diagram of the laser TV/LCD.

The 3D gamut of LCD is constructed with the method of
3–1 as the shadow part shown in Figure 2, comparative
analysis the 3D display performance of laser TV and LCD.
Figure 2 is the three-dimensional chromaticity diagram of laser TV and LCD in the different angles of
the CIE-LAB space. In Figure 2a,b, laser TV includes all
the 3D color gamut that the LCD can show, but the
LCD’s gamut in a certain angle is beyond the scope of
laser TV in Figure 2. The part out of the laser TV shows
that the laser TV this article chooses is a little shorter
than the LCD displayer in blue hue.
Laser TV contains all LCD’s gamut in the 2D chromaticity diagram, but in 3D color space which adds the luminance information, laser TV is lightly worse than LCD in
blue hue. So, it is necessary to establish the displayers’ 3D
gamut to analyze its display performance.
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Figure 2 3D color gamut comparison diagram between laser TV and LCD.

3.3. The quantitative analysis for the size of 3D gamut

According to Hill et al.’s theory [11], ΔL* = Δa* = Δb* = 1
makes up the color cube in unit of one, the number of
the small color cubes in the 3D gamut is the 3D gamut’s
volume.
First of all, the gamut boundaries are built with the incremental ΔL* = 1 for the range of L* = [0,100] in the
CIE-LAB color space. The gamut areas in which the
gamut boundaries envelope in each layer are calculated,
and therefore the 3D gamut size can be followed:
V ¼

100
X

S L  ΔL ¼

L ¼0

100
X

S L

ð3Þ

L ¼0

whereV is the volume of the 3D gamut, SL* is the area of
the gamut boundary envelope in each layer, ΔL* is the distance between the each two layers. The results of formula
3 show that the size of LCD’s 3D gamut is 8.93 × 105,
while the size of laser TV’s 3D gamut is 17.96 × 105 which
is almost two times bigger than LCD’s. So in the color display, the future laser TV is better than LCD display on the
whole display effect.
Table 2 Chromaticity coordinates of laser TV/UHDTV/ITU-R
BT.709
Laser
Red

ITU-R BT.709

UHDTV

x

y

x

y

x

y

0.713

0.287

0.64

0.33

0.7079

0.292

4. Comparative analysis between laser TV and the
system of UHDTV/ITU-R BT.709
ITU-R BT.2020 sets the parameters values for UHDTV
systems for production and international program exchange. UHDTV displays and broadcasting systems can
offer more realistic sensation, accurate visual information compared with HDTV systems. This article analyzes
the gamut character of the laser TV and recommendation of UHDTV/ITU-R BT.709, the parameters are listed
in Table 2.
As shown in Figure 3, laser TV completely contains all
the colors of the conventional gamut defined by ITU-R
BT.709 in the CIE-u’v’ coordinate system, and its gamut
coverage ratio out of ITU-R BT.709 is 15.93%, and
gamut coverage ratio out of UHDTV is 2.16%, as shown
in Table 3. From the chromaticity diagram, 2D gamut
that is the new recommendation UHDTV specified is almost completely covered by the 2D gamut range of laser’s. Therefore, laser TV as the future displayers can
really realize wide-gamut display.
In Figure 4a, the part that the solid lines contain is the
3D gamut range of the laser TV, while the part that the
dotted lines envelope is the 3D gamut range of the recommendation UHDTV and the entity area in the center is the
intersection of laser TV and UHDTV. The gamut of laser
TV is fundamentally the same as UHDTV’s. In Figure 4b,
the part that the solid lines contain is also the 3D gamut
range of the laser TV, but the part enveloped by the dotted

Green

0.175

0.793

0.3

0.6

0.1702

0.7965

Blue

0.135

0.042

0.15

0.06

0.1314

0.0459

White

0.3127

0.329

0.3127

0.329

0.2726

0.2863

u’

v’

u’

v’

u’

v’

Red

0.5684

0.5147

0.2134

0.5969

0.5565

0.5165

Green

0.0575

0.5866

0.4324

0.4975

0.0557

0.5867

Color gamut volume

Blue

0.1670

0.1169

0.1024

0.2956

0.1599

0.1256

White

0.1978

0.4683

0.1978

0.4683

0.1978

0.4683

The CIE-u’v’ diagram is drawn with the data in Table 2, the resultsare shown in
Figure 3.

Table 3 Comparison between laser TV and UHDTV/ITU-R
BT.709
Laser

UHDTV

ITU-R
BT.709

Color gamut area

0.116

0.1118

0.0654

Color gamut coverage ratio
(%)

59.43

57.27

33.5

17.96 ×
105

17.83 ×
105

7.86 ×
105
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by the television standard as far as possible. This cannot
only well display color gamut, but also reduce the hardware complexity and cost. Therefore, the realization rate
of target gamut and the gamut efficiency [12,13] are defined for the displayers as formulae (4) and (5) follow:
Realization rate of target gamut
V Equipment gamut \ VTarget gamut
¼
 100%
V Target gamut
Gamut efficiency ¼

ð4Þ

V Equipment gamut \ VTarget gamut
V Equipment gamut
 100%
ð5Þ

Figure 3 CIE-u’v’ gamut of the laser TV and UHDTV/ITU-R
BT.709.

lines is the 3D gamut range of the system of ITU-R
BT.709, and the entity in the center is the intersection of
the gamut of laser TV and system of ITU-R BT.709. The
gamut of laser TV contains the gamut of ITU-R BT.709
entirely. The result of quantitative calculation is shown in
Table 3, the system gamut volume is 17.83 × 105 for recommendation UHDTV and 7.86 × 105 for ITU-R BT.709,
while the laser TV’s gamut volume is 17.96 × 105 which is
big- ger than the values of recommendation UHDTV and
ITU-R BT.709.

5. Evaluation of the 3D gamut for laser TV
Because of the TV standard’s constraint, the displayer’s
gamut is not the bigger the better. It is much better to use
smaller gamut to fully display the gamut which specified

Equipment gamut is the gamut that the equipment
can display, target gamut is the gamut which is specified
by the television recommendations such as ITU-R
BT.2020 and ITU-R BT.709. The realization rate of target gamut gives an indication that how fully the equipment gamut covers the target gamut. In order to get a
good display effect, the intersection volume should be
close to the target gamut volume so that the realization
rate of target gamut is close to 100%. The gamut efficiency means the percentage that the equipment gamut
which is used to show the target gamut of the equipment, so higher gamut efficiency indicates that most of
the equipment gamut is used to show the target gamut.
If the gamut efficiency is much smaller, it means that
the equipment gamut is bigger than the target gamut,
and it needs to do the gamut compression. It will lead
to color distortion.
The volume of the intersection part in 3D gamut, the
realization rate of target gamut, and the gamut efficiency
are calculated for the ITU-R BT.2020/laser and ITU-R
BT.709/laser, respectively, and the results are shown in
the following.

Figure 4 Intersection between laser TV and different standards. (a) Intersection between laser TV and UHDTV. (b) Intersection between laser
TV and ITU-R BT.709
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Table 4 The 3D evaluation of the laser display
ITU-R BT.2020/laser

ITU-R BT.709/laser

Gamut intersection volume

16.96 × 105

7.86 × 105

Realization rate of target
gamut (%)

95.12

100

Gamut efficiency (%)

94.43

43.76

As showed in Table 4, the intersection volume between
laser TV and the system of ITU-R BT.709 is 7.86 × 105, the
realization rate of laser’s target gamut is 100%, but the
gamut efficiency is only 43.76%. It means that although the
equipment gamut of laser TV is bigger than that of the system of ITU-R BT.709, but most of which is out of the
gamut of the system ITU-R BT.709. The laser’s gamut must
be compressed to the scope of the recommendation ITU-R
BT.709, the wide-gamut effect of laser TV cannot be
achieved. This implies that the laser TV cannot keep a great
compatibility with conventional gamut. However, for the
new recommendation UHDTV, the intersection volume is
16.96 × 105, the realization rate of laser’s target gamut is
95.12% and the value of the gamut efficiency is 94.43%. The
laser’s gamut basically covered the gamut of ITU-R BT.2020
system, and higher gamut efficiency is reached. Therefore,
laser TV will be a developing tendency for the new recommendation UHDTV in the future displayer market.

6. Conclusion
This article compares the reproduction ability of the laser
TV and LCD in 2D chrominance space without the
brightness information. The results show that laser TV
fully contains the gamut that the LCD can display; but the
same work in three-dimensional chromaticity diagram
gets the different results that the gamut of LCD moves beyond the biggest gamut range of the laser TV in blue hue.
In order to do the analysis in the 3D color space, this article constructs 3D color gamut for the laser TV.
In order to quantitatively analyze the size of the 3D gamut
for laser TV, this article builds the laser TV’s 3D gamut
step-by-step in the CIE-LAB space, and uses the concept of
color cube to calculate the gamut volume of laser TV. The
volume is 17.96 × 105 which is two times bigger than LCD.
Furthermore, this article uses realization rate of target
gamut and gamut efficiency to evaluate the laser TV’s
display performance. The laser TV can realize 100% of
the recommendation ITU-R BT.709’s gamut, but the
gamut efficiency is only 43.76%, which does not give full
play to the wide-gamut of the laser TV. But for the
UHDTV recommendation, laser TV cannot only better
realize the gamut that the recommendation ITU-R
BT.2020 specified, but also higher gamut efficiency is
reached. So for, the future displayer market, the laser
TV, will be a good choice to realize the wide-gamut display under the UHDTV system.
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