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The progress of video technologies is observed in the
development of standardization, with the advent of digital
television systems — standard and high definition television
systems [1], and then the recommendation appears [2]. This
indicates the insufficiency and the need for improving the
existing and creating fundamentally new solutions in video
transmission systems.

Further progress of video technologies can be seen in the
introduction of the high dynamic range (HDR) system [3].
Partial introduction of adaptive color rendering systems [4]
into digital television systems is a step forward.

Modern video transmission systems are based on a
conventional through path system. If we accept that the
conventional system does not introduce distortions or they
are identified as “acceptable”, then there are areas of the
path where the correctness of color rendering and viewer’s
color perception are violated. On the transmitting side, it
is the interval from an object to the transmitter lens, and
on the receiving side — from a reproducer to the observer.
At the present time, quite little is said about the distor-
tions taking place in the indicated sections of the path and

the ways of elimination. First of all, studies are separated
because they are conducted individually for illuminants
and how people accept it. But no research is conducted on
this complex effect during the transmission by video chan-
nels. These studies are relevant primarily in places where
color rendering by video channels is extremely important,
namely, in special and military applications, in e-medicine,
textile industry, etc.

2. Literature review and problem statement

Illuminants are divided into natural and artificial. The
latter should be divided into professional, semi-profession-
al and household [5]. Listed illuminants, as noted earlier,
require consideration or adaptation when developing new
video communication systems or improving existing ones.
This is due to the fact that they can affect the transmitting
and receiving sides of the video path.

In [6], the studies considering the properties of color per-
ception under different illumination in video transmission
paths and the effect of the illuminant on the color quality are
presented. So the issue should be considered from two per-




spectives — how colors change under different illumination
and how the viewer perceives this.

It is shown that illuminants lead to inappropriate color
changes, and so, these changes will be even greater when
taking into account the properties of color vision. The issue
of reducing color changes was not resolved for video chan-
nels. Further study is shown in [7], where the author propos-
es an algorithm of chromatic adaptation that can be based
on color coordinates. The studies [8] reflect the curve of the
color temperature of illuminants in terms of color percep-
tion. In [7, 8], the analysis on the basis of color coordinates
is performed, but it is not considered how exactly the illumi-
nant, its spectral power distribution affect other colors.

The reasons why these issues have not been resolved may
be as follows: the lack of hardware for real-time processing,
the lack of rigorous requirements for color rendering, for
example, in e-medicine, the lack of digital video communi-
cation systems, etc.

One of the possible solutions to these issues is to use
a color perception model when improving existing and
designing new video communication systems. Thus, an
attempt to introduce a color perception prediction sys-
tem was made in [9]. Along with that, the work should be
supplemented by the use of an algorithm that reduces the
illuminant effect on the color quality. The authors point out
unresolved issues regarding the incorrectness of the color
perception model.

A possible solution was presented in [10], where the
authors propose an analytical solution to the problem of the
negative reaction of the color perception model. In [11], the
reliability of the data presented in [10] is proved, but the
issues of the uniformity of color filling in the color chart
remain unresolved.

This problem is solved in [12, 13], where the uneven color
distribution into blue, yellow-blue and red is eliminated by
applying a new analytical description of previous experi-
ments. The improved model can be used for further research
taking into account the specified practices [14], which are
necessary for consideration of the universal exchange of
color information among various systems. This is quite com-
mon in the exchange of graphical and video information via
communication channels.

The analysis [5—14] shows that although color percep-
tion models are developed not for video communication
systems, the issue of the influence of spectral power distri-
bution of illuminants on the color quality is not sufficiently
investigated. This suggests the expediency of studies related
to the introduction of an algorithm taking into account
the properties of color perception of video information and
spectral power distribution of the illuminant in video com-
munication systems.

3. The aim and objectives of the study

The aim of the work is to develop an algorithm of adap-
tation of the video system to the spectral power distribution
of the illuminant, taking into account the properties of the
observer’s color perception. This will reduce the influence
of illuminants on the quality of color rendering, which is
extremely important, for example, in medicine, military
technology, etc.

To achieve the aim, it is necessary to accomplish the
following objectives:

—to determine the spectral power distribution of the
color of the transmitted image according to the known color
coordinates;

—to consider the properties of color perception when
developing the algorithm;

—to investigate the possibility of using the proposed
algorithm under technical limitations of the video system;

— to provide the system with a metrological instrument
for assessing the performance of the algorithm.

4. Materials and methods of the study on
the implementation of the adaptive video communication
system

The objectives can be accomplished using methods and
means of research that will allow taking into account the
complements to the path of the video communication system
shown in Fig. 1. Fig. 1 shows the simplified block diagram of
a through video path with points that may affect the quality
of video transmission.

Conventional video
communication model

Necessary
complement to the
video path model

Scene object / Ny Camera

\

Communication

Illuminant

Illuminant channel
Observer / 4|  Reproduction
device

Fig. 1. Effect of the illuminant on the transmitting and
receiving sides of the video path

The scene object will be described from the observer’s or
operator’s viewpoint by the color perception model, actually
as well as the observer on the receiving side of the path. The
illuminant is a factor affecting the color rendering model,
both on the transmitting side and on the receiving side. It
is assumed that the conventional model does not introduce
distortions or they are unnoticeable. Therefore, further re-
search will address the methods and means of reducing the
impact on the quality of color rendering.

4. 1. The Algorithm of adaptation to the spectral pow-
er distribution of the illuminant

The main purpose of adaptation is a continuous or peri-
odic determination of the influence of the illuminant on the
quality of color rendering and correction of the video signal
depending on changes of color coordinates.

Adaptation to the spectral power distribution of the
illuminant consists of two subtasks, namely, obtaining the
value of spectral power distribution of the scene object and
spectral power distribution of the illuminant.

The data of the spectral power distribution of the illumi-
nant can be measured by an additional device or stored as
an array of numerical values in the device that is part of the
adaptation system.

Obtaining data on the spectral power distribution of the
scene object is a difficult task. This is due to the fact that
complex objects of the scene with a high level of detail con-



tain information about a set of colors and the corresponding
set of spectral power distributions. For this reason, it is im-
possible to determine each of them, because of the complexi-
ty of hardware implementation, and, accordingly, the process
of determining the influence of the illuminant separately for
each color. Therefore, in order to determine the influence of
the illuminant on the set of colors, the algorithm presented
in the block diagram is proposed (Fig. 2).

The block diagram consists of two parts: the first one is
a standard part of the video path, the second one is the algo-
rithm for determining adapting coefficients and accounting
of the conventional model in video signals.

‘ Scene object ‘ ‘ [lluminant
A4 A
‘ Camera ‘ Determination of the
spectral power distribution
G of the illuminant
Color value in XYZ

coordinates with the
illuminant effect

O

Simulation of the spectral
color distribution with given
coordinates |:>

Elimination of the
illuminant effect on the
color

<

XYZ color coordinates without the illuminant effect

Fig. 2. Algorithm of color adaptation of the scene object to
the spectral power distribution of the illuminant

The first part of the
block diagram describes

nant is determined. To exclude the parameters of the influ-
ence of the illuminant on each of possible colors of the scene
object, it is necessary to know the nature and magnitude of
the illuminant influence. Therefore, for the determination of
these values, it is necessary to conduct an assessment on a
certain set of colors that are uniformly placed in the region
of the rendered colors of the system. For this implementa-
tion, it is necessary to use a set of different colors. The set
of test colors may have different sample sizes. For example,
the authors [15] considered the sample of 4, 9, 14, 15, 17,
99 colors (chapter 2). The specified color sets do not fill
evenly and completely the region of the rendered colors,
therefore the expediency of use is ambiguous.

In video communication systems, the region of the
rendered colors is limited by certain conditions, equipment
characteristics, etc. [16]. But if we assume that everything
conforms to the standards, the area of rendered and per-
ceived colors is limited to a color triangle. To assess the
quality of color rendering of the area limited by the color
triangle, measuring colors in the triangle [17] with a relative
saturation of 0.9, respectively, red Ry, green Gy g9 and blue
Bygand 0.5 should be added to the set. To increase accuracy,
the primary color set is supplemented by complementary col-
ors: yellow Ye, blue C and purple M of the above saturation
and to assess saturated colors — with a saturation of 1. Each
color is characterized by the coordinates of the xyz color
space shown in Table 1. The coordinates are based on the
color triangle of high-definition television.

To form the array of correction values of the color co-
ordinates, it is necessary to simulate the algorithm of de-
termining the spectral color distribution by the given color
coordinates.

Table 1

Coordinates of the test color set in the xyz coordinate system

the determination of XYZ

(1) and xyz (2) color pa- R G | B C | M | Y | Ry | Goy | Bosy | Cog

Moy | Yeog | Ros | Gos | Bos

rameters, obtained at the |X 0.640 | 0.300 | 0.150 | 0.224 | 0.321 [0.419(0.595| 0.300 | 0.224 | 0.231|0.320| 0.408 | 0.440 | 0.305 | 0.224
output of the “light-signal” [ ¥ 0.330 | 0.600 | 0.060 | 0.328 [ 0.154|0.505{0.329] 0.578 | 0.182 {0.329 |0.171| 0.487 [ 0.329|0.476 [ 0.182
converter and transmis-
sion by the through com- 4. 2. Determination of test color parameters
munication channel. It is proposed to find the spectral power distribution of
color according to the given color coordinates by the algo-
Y= Tﬁ?(k)-P(?L)S(X) rithm presented in Fig. 3.
o ’ InFig.3, X, y, z are the camera sensitivity characteris-
tics, P(A) is the spectral power distribution of the illuminant.
700 The presented scheme of the algorithm allows determining
Y= J y(A)-P(A)-S (1), the influence of the illuminant on color rendering. Using (1),
400 we obtain XYZ,, which are color coordinates, reflecting the
00 influence of the illuminant. AE is the vector in the coordi-
7= J’ z(A)-P(2)-S(0), (1)  Date system of the CAM16-UCS uniform chromaticity scale
100 system [10, 18], which takes into account the characteristics
of color perception of the human visual apparatus and is cal-
x=X/m, y=Y /m, culated by the formula (3),
2=Z/m, m=Y (XY,2) ) AE =7 = J2) +(ay — i) +(B,—b) - 3)

where S()) is the spectral power distribution of color ob-
tained by simulation, x¥(A), 7(A), Z(A) is the spectral sen-
sitivity of color channels of the “light-signal” converter, P(1)
is the spectral power distribution of the illuminant.

In parallel to determining the color parameters of the
scene object, the spectral power distribution of the illumi-

As for the characteristic of the spectral power distribution
Si(X) (4), it is obtained by searching for the lower extremum
of functional dependency. In the dependency (4), the variables
are the center of spectral power distribution {, the width of fil-
ter response 6, where 6=24,,—A,, and ie 400,700) and the
level [, which can be represented by the formula (4).



5:(600)=1-/(56),

)

where f(C, 0) is the functional dependency reflecting the
filter response to pulse response.

5:(2)
1 I
[
¢
J A,nm
XYZi 400 700
coordinates iy
[ T =0 e
4

Determination of XYZ without the
AE : illuminant effect
AE =0 AE #0

Fig. 3. The Algorithm of determining the spectral power
distribution by the given color coordinates

Based on the analysis of

obtained, where the center of spectral power distribution
C of the function with the estimated wavelength and the
width of spectral power distribution 8 in the samples AA
are presented. Table 2 shows the AE value, indicating min-
imum deviation from the input coordinates. For purple
color M there are no data, since this color is formed by an
additive method involving red R and blue B colors in the
corresponding ratio. Therefore, this color does not have
a certain wavelength, and accordingly the width of the
response.

For example, simulation was carried out using spectral
power distributions of standardized spectral color distri-
butions according to the CIE standard [6]. For simulation,
illuminants D65, A (referred to as incandescent lamps), F1
and F315 (examples of fluorescent illuminants) were chosen.
The simulation data are presented in Table 3-5.

In Table 3-5 there is a marking where green color
corresponds to “unnoticeable”, yellow — “noticeable but
acceptable” and red — “unacceptable” on the color varia-
tion scale.

There are the following values: x., y. — the coordinates
of the test color in the xyz coordinate system, Xoue, Your —
the coordinate values under illumination with the chosen
illuminant aM , by, — the coordinates of the test color
in the coordinate system of the CAM16 uniform chroma-
ticity scale system (aj,,b},), which allows predlctlng the
properties of the observer’s color perception a;, , b},
the coordinate values under illumination with tile ch(u)“sen
illuminant.

previous works [5, 8, 19], the Table 2
dependency described by the Data obtained using the filter described by the Gaussian distribution
functlonal d(?pendency LM ) R | G| B | Y| C | M| Ro|Gog| Bog|Yog| Cog | Moy | Ros | Gos | Bos
interpreted in the values used
]ion this paper was chosen as a n);h 610 | 554 | 468 | 571 [ 495 | — | 609 | 570 | 476 | 571 | 494 | — | 587 | 564 | 487
asis.
20y q| 19 | 48 | 31 | 98 | 101 | - 20 | 103 | 23 | 109 | 107 | — | 160 | 122 | 65
A-26
L(k):e_ no? 5) AE|0.036]0.108{0.024(0.010|0.007| — 0.012]0.022| 0.01 |0.014]0.041| — ]0.091{0.088|0.120
0)5 . . . . .
0,45 Fig. 4-7 show the spectral power distributions equiva-
003"51 lent to the color coordinates of Table 1.
- 03
0,25 - 1
< 02 | —Red 100 %
0 15 - 0.9 Green 100 %
0 1 —Blue 100 %
0,05 L 0.8 Cian 100 % 1
0 —Magenta 100 %
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Fig. 4. AE error value for the chosen test color 6 /
From Fig. 4 it can be seen that the color rendering error 0.1
AF (3) in the simulation using the expression (5) according 0 : — ‘ . ‘ . :
350 400 450 500 550 600 650 700 750

to the color rendering criteria presented in [16, 17] can be
classified as “unnoticeable”. The results prove the possibility
of using this functional dependency to simulate the spectral
color distribution of the scene object.

Thus, for the chosen spectral power distribution on
the basis of the Gaussian function, the data of Table 2 are

X

Fig. 5. Rated spectral power distribution for primary and
complementary colors of 100 % saturation of high-definition
television. Characteristics are based on the Gaussian
distribution



Table 3

Results of simulation using illuminant D65

Table 4

Results of simulation using illuminant A

Primary and complementary colors with 100 % saturation and
spectral power distribution represented in Fig. 5

Primary and complementary colors with 100 % saturation and
spectral power distribution represented in Fig. 1

R G B Ye C M
R G B Ye C M
x, 0.65 0.4 0.13 0.4 0.24 0.2
Ko 0.65 0.4 012 | 048 0.3 0.3
Y. 0.34 0.5 0.07 0.5 0.3 0.3
- 06s | o037 | o3 04 0.3 0.9 You 0.3 0.5 0.08 | 0.48 0.4 0.4
Your 034 | 056 | 0.07 0.5 0.3 0.3 ay 546 | —271 | —111 | —11.6 | -31.6 | -325
ay. 546 | -271 | 111 | —11.6 | -31.6 | -325 K, 388 | 307 | 637 | 397 | -84 | 148
by, 388 | 397 | 637 | 397 | -84 | -148
ay.. 549 | -187 | -186 | -07 | -253 | —30.1
ay.. 546 | -297 | -107 | -155 | —33.5 | —34.05
by, 387 | 439 | —60.6 | 439 | 202 152
by, 38.8 385 | —639 | 386 | -10.8 | —16.7
AE 0.03 29 0.5 413 | 3.08 94 AE 0.25 9.4 8.16 | 11.6 | 29.27 | 30.2
Primary and complernentary colors with 90 % satur ation and Primary and complementary colors with 90 % saturation and
spectral power distribution presented in Fig. 6 spectral power distribution presented in Fig. 2
R G B Ye c M
0.9 09 09 €09 09 09 Roy Goy Boyg Yeog Coy Moy
x, 0.6 0.4 0.12 0.4 0.25 0.2
T 0.6 0.4 0.1 0.48 0.3 03
Y. 0.3 05 0.1 0.48 0.3 0.3
Lo 0.6 037 | 0.12 0.4 0.2 0.2 Yo 036 05 013 1 047 04 04
You 0.3 0.5 0.1 0.5 0.3 0.3 ay 465 | -232 | 246 | —104 | 294 | -30.1
Gu. | 465 | -232 | -246 | -104 | -294 | 301 W, | 412 | 382 | -5606| 369 | -77 | 127
by, 412 | 382 | -5606| 369 | -77 | -127 ]
ay.. 468 | -13.7 | 344 | 07 | -21.8 | -25.2
ay.. 465 | -263 | —239 | —146 | -31.7 | -32.06
by, 411 | 433 | —49.1 | 424 | 215 182
by, 412 | 368 | =565 | 355 | —-102 | —148
AE | 0.005 | 34 0.8 AT 3.4 2.8 AE 025 | 10.8 | 12,07 | 124 | 30.2 | 31.4
Primary color_s W.ith 5_0 % saturation anfi spectral power Primary colors with 50 % saturation and spectral power
distribution presented in Fig. 7 distribution presented in Fig. 3
R0.5 GO.S Bl).5
RO.S GO.S BO.S
x, 0.38 0.38 0.14
o o 027 Ko 0.47 0.46 0.17
o 0.36 0.36 0.14 You 0.4 0.45 0.39
Your 0.4 0.4 0.26 aj, 0.4 -87 _436
ay, 0.47 -87 ~43.6 ,
by, 21.6 26.2 -23.09
by, 21.6 26.2 ~23.09
ay. 10.8 2.6 —49.3
ay. —5.4 ~13.9 —43.4
b, 19.8 949 Yy by, 34.6 36.9 ~2.18
AE 6.19 5.6 1.36 AE 16.6 157 21.7




Results of simulation using illuminant F1

Table 5

Primary and complementary colors with 100 % saturation and

spectral power distribution presented in Fig. 1

R G B Ye c M
0.6 0.3 0.1 0.4 0.2 0.2
xout
y 0.3 0.5 0.07 0.5 0.3 0.3
out
, 54.6 -271 -11.1 -11.5 -31.5 -32.5
Ay,
Iy 38.8 39.7 -63.7 39.7 -84 | —14.8
M,
, 54.6 -27.1 -11.1 -11.5 | =315 | =325
ay,
b 38.8 39.7 -63.7 39.7 -84 -14.8
Mnu[

AE 0 0 0 0 0 0
Primary and complementary colors with 90 % saturation and
spectral power distribution presented in Fig. 2

R o9 G og Boyg | Yeog | Coo | Mog
x 0.6 0.39 0.12 0.4 0.24 0.2
out
y 0.3 0.5 0.1 0.48 0.3 0.3
out
, 46.5 -23.2 -246 | 104 | =294 | -30.1
ay,
Y 4141 38.19 | -56.06 | 36.9 -77 | —127
M,
, 46.5 -232 | =246 | 104 | -29.4 | -30.1
ay,
v 411 38.19 | -56.06 | 36.9 =77 -12.7
Mul
AE 0 0 0 0 0 0

Primary colors with 50

% saturation and spectral power

distribution presented in Fig. 3

RO.S GO.S BO.S
Ty 0.38 0.38 0.15
You 0.4 0.4 0.27
ay 0.47 -8.7 ~43.6
by, 21.6 26.2 ~23.09
ay. 0.4 -8.7 —43.6
by, 21.6 26.2 -23.09
AE 0

1
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Fig. 6. Rated spectral power distribution for primary and
complementary colors of 90 % saturation of high-definition
television. Characteristics are based on the Gaussian
distribution
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Fig. 7. Rated spectral power distribution for primary and
complementary colors of 50 % saturation of high-definition
television. Characteristics are based on the Gaussian
distribution

It is necessary to distinguish the errors presented
in Table 2, which deals with spectral simulation using
reference daylight and the errors presented in Table 3-5.
The spectral power distribution of the reference color is
affected by an illuminant with a spectrum different from

the daylight.

4. 3. Assessment of color rendering on the basis of real
spectral color distribution

The search for the required color is made from the set of
spectral color distributions according to [20, 21]. Determi-
nation of the desired spectral power distribution is carried
out by determining the parameter AE (1), and the conformity
criterion is determined according to (7), where the value AE
should tend to zero.

AE(i)=0, ie(1,N). (7)

Desired spectral power distributions are presented in
Table 6.



Table 6

Color data recommended for color rendering assessment (x, y — color coordinates according to ITU-R BT.709,

Zspectraly Yspectral — COlOr coordinates equivalent to the spectrum found)

Color selection from the set of spectra according to [20] Color selection from the set of spectra according to [21]
Kopectral Yspectral color id AE Xspectral Yspectral color id AE
R 0.638 0.330 of09 g 0.001 0.624 0.351 164 0.045
G 0.301 0.602 ph03_t 0.002 0.343 0.514 1492 0.160
B 0.157 0.060 ph02_t 0.007 0.199 0.136 2386 0.095
C 0.222 0.328 0f02_d 0.001 0.210 0.286 3328 0.052
M 0.314 0.156 prij 4 0.006 0.325 0.171 3321 0.022
Ye 0.419 0.505 pr_ij_3 0.000 0.398 0.483 1895 0.030
Ryg 0.689 0.305 pr.ds 2 0.306 0.607 0.349 158 0.025
Gog 0.302 0.577 gr p 0.002 0.343 0.514 1492 0.131
Bog 0.167 0.081 pr_sh 2 0.005 0.228 0.200 3099 0.024
Coo 0.232 0.328 0f06_d 0.001 0.264 0.332 2832 0.054
Mg 0.322 0.170 of04 d 0.002 0.264 0.332 2832 0.044
Yeo o 0.406 0.488 pr ds 1 0.002 0.398 0.483 1895 0.011
Rys 0.440 0.329 of08 d 0.000 0.413 0.331 3527 0.039
Gos 0.304 0.474 pr ds 4 0.002 0.336 0.478 3436 0.041
Bys 0.224 0.182 pr_sh 2 0.001 0.228 0.200 3099 0.023

In Table 6, color markers indicate pairs that satisfy two
test colors, but with different errors. This is caused by the
fact that the insufficient set of spectral power distributions is
presented in the papers, so some of them were chosen for both
colors due to the lack of other spectra. In practice, the color

with the smallest error should be chosen for color testing.
The results presented in Table 6 can serve to construct
optical metrological support for assessing the performance

of the video transmission path.

authors offer only color coordinates. For the full use of the
proposed color charts, it is suggested to use the search algo-
rithm presented in Fig. 2, 3, which will allow determining
the spectral power distribution of the color chart and the in-
fluence of the spectral power distribution of the illuminant.

The magnitude and nature of distortions are presented
in Table 7 and Fig. 8, where o — reference points, and + — a
shift of the points under the influence of illuminants A, D65,
F1 and F315.

4. 4. New steps in the metrological support of 08 038
multimedia and media paths 07 07

The use of the conventional or extended set of 06 o6
test colors, as presented above, has a number of lim- ’ :
itations, namely: 0.5 T 0.5

— for the first (Table 1, 6) there is no spectral o4 . 04
power distribution of the proposed color sets; 0 3 i 03 i

— the limited use of the set of test colors due to
the small number of colors; 02 ' 02 T

— the impossibility to fully use the set due to tech- 0.1 0.1 +
nical limitations of the video transmission system.

As shown in [16], with increasing image bright- 0 02 04 06 0 02 04 06
ness, the region of rendered colors changes in the form a b
of the cut of blue, red, and green parts of the color 08 0s
triangle. In the limited range of color rendering, the ’
proposed color test points are shown in Tables 2,6,and 07 07
accordingly, the process of predicting the influence of o 06
the illuminant cannot be effective. Let’s consider these 0s 0s
limitations and possible solutions in more detail. ‘ ‘

The proposed algorithm of adaptation to illumi- %4 ) 04
nation should be implemented using metrological 03 s 03 o v
support, in a much broader sense than is currently s " 02 s ]
adopted. It is expedient to take into account the ~ ‘ L
limited area of the colors rendered due to changes in %! i 01 )
image brightness, and the physiological properties of . - " o . = " "y
the color perception process. ’ ’ ’ ’ y ’ ’

¢

The presented color sets [17] used for assessment
in [16] are not sufficient to predict the effect of the

Fig. 8. Magnitude and nature of the influence of the illuminant on

illuminant on the color coordinates. That is why it
is necessary to expand the metrological support. For
example, the color chart proposed in [22], where the

the color coordinates: a — the influence of the illuminant A;
b — the influence of the illuminant D65; ¢ — the influence of
the illuminant F1; d — the influence of the illuminant F315



Table 7

Maximum value of the influence of the illuminant on the color,
expressed in units AE

Type of According to the xyz | According to the CAM16
illuminant color coordinates color coordinates
F315 0.025 10.00
F1 0.025 12.01
D65 0.031 14.18
A 0.177 19.02

From the obtained data it follows that:

— taking into account the influence of the illuminant is
relevant, as this may lead to unacceptable changes in color
coordinates, and accordingly, colors;

— different illuminants affect differently each of the cho-
sen points of the color set, Fig. 8;

— taking into account the error in the xyz coordinates
indicates acceptable changes in the color coordinates, and in
the CAM16 uniform chromaticity color perception system —
unacceptable. So, to improve the quality of the transmitted
video, it is necessary to take into account the properties of
color perception.

5. Results of studies of the algorithm of adaptation to
the illuminant and color perception properties

Input data was the image that has a wide range of colors
and can be used for color studies. The simulation was carried
out using illuminants D65, F135, F1, A. The block diagram
of the simulation process is presented in Fig. 9.

nx m image of the
camera

}

nx m matrix of AE
values

!

nxm image taking
into account AE

Fig. 9. Block diagram of the simulation process

The image from the camera is shown in Fig. 10, where the
nxm matrix consists of a set of correction values AE, in which
n is the number of image elements horizontally, and m — ver-
tically. Knowing the magnitude and nature of the influence
of the illuminant, the value AE can be taken into account, the
results are presented in Fig. 11.

Fig. 10 shows the transmitted image of the scene under
different illuminants, and the restored image, Fig. 11. It
is noticeable how the color tone and saturation in Fig. 10
change in comparison with reference Fig. 11.

Using the algorithm presented in Fig. 1-3, the result of
restoring the image with the given spectral power distribu-
tion of the illuminant was achieved. The restored image is
shown in Fig. 11.

According to the research, the results of the objective
(Table 3-5) and subjective (Fig. 10, 11) assessment of the
influence of the illuminant are presented.

Fig. 12, 13 show the complex influence of the illumi-
nant and the properties of human color perception. Given
the color perception properties, it is possible to extend
the brightness range of the algorithm. The specified
extension allows getting the image of Fig. 11 regardless
of an illumination intensity (dark Fig .12, dull, average
Fig. 13).

Fig. 10. Test images under different illuminants:
a — illuminant A, b — illuminant D65, ¢ — illuminant F315,
d— illuminant F1

Fig. 11. Restored image

a b
c d
Fig. 12. Test images with shooting conditions on the
transmitting side £,=200 cd/m? and observation
conditions — average, and observation conditions
L,=20 cd/m? and observation conditions — dull, under

different illuminants: a — illuminant A, b — illuminant D65,
¢ — illuminant F315, d — illuminant F1

Thus, the work defines the limits in which the pro-
posed algorithm restores the image after exposure to the
illuminant and takes into account the properties of color
perception.



Fig. 13. Test images with shooting conditions on the transmitting side
L,=20 cd/m? and observation conditions — dull, and observation
conditions L4=200 cd/m? and observation conditions — average under
different illuminants: @ — illuminant A, 6 — illuminant D65, ¢ — illuminant

F315, d— illuminant F1

6. Discussion of the results of the study of the proposed
adaptation algorithm

The presented studies concern color adaptation to the
illuminant and the possibility of rendering through the
communication channel, taking into account the prop-
erties of color perception on the transmitting and receiv-
ing sides.

The proposed algorithm allows determining the mag-
nitude of the influence of the illuminant at the point of
observation without the use of optical standards. Simulation
is done using the proposed set of colors that evenly fills the
region of rendered colors. The colors used are presented in
color coordinates, therefore the paper proposes the analyti-
cal method for determining the spectral power distribution
of the chosen color. The block diagram of the algorithm of
continuous adaptation to the illuminant using the algorithm
presented in Fig. 2 is proposed. It should be noted that
only brightness adaptation is currently carried out, and the
proposed methods concern color adaptation at the level of
spectral power distribution.

The advantages of the proposed method include adap-
tation directly on the shooting or reproduction site, with-
out the use of optical standards for system calibration,
which allowed ensuring the process of undistorted video
transmission. The magnitude of the influence of the illu-
minant on color in the understanding of color perception
properties that can be corrected by the system is present-
ed in Table 3-5.

The analysis of existing methods of control and provision
of undistorted color rendering is carried out, Table 6, and it
is proved that this color set is not enough when the system
operates in a wide brightness range of the image object.
Therefore, the color chart that evenly fills the region of col-
ors rendered by the system and expands the opportunities for
debugging the video system from studio conditions to any
others was proposed.

Using the color perception model for predicting and
accounting for changes in the image during transmission

or reproduction allowed ensuring that the image
is reproduced as it should be seen by the viewer.
This circumstance will ensure not only comfortable
viewing of the transmitted video content but in
specialized applications where color parameters are
critical may be essential.

The limitations of the algorithm, such as system
parameters and the impossibility of rendering the
entire color chart at different levels of brightness
should be noted. Also, possible limitations include
the presence of a device to determine the spectral
power distribution of the illuminant on the trans-
mitting and receiving sides. This can be solved by
installing an additional sensor on existing systems
or built-in on new ones.

The use of the color perception model is focused
on the standard viewer, which can be a limitation,
so continuing research with the expansion of the
model capability on a universal viewer is a priority.

With the development of new video trans-
mission systems, use in areas such as medicine,
the main thing is the quality of color rendering,
but ensuring the quality of color rendering is due
to the appearance of minor shortcomings. These include
an increase in the rated capacity of the transmitting
and receiving equipment in relation to the existing one.

It is proposed to continue studies concerning the spec-
tral image adaptation on real images and scenes, using a
larger set of spectral power distributions of the illuminant.

7. Conclusions

1. According to the results of simulation of the spectral
power distribution of the color of the transmitted image
with given coordinates, data with an error of up to 0.2 CIE
units (Fig. 4), which is qualified as unnoticeable distortion
are obtained. On the basis of the obtained spectral power
distributions, the simulation of elimination of the influence
of various illuminants, which introduce unacceptable errors
in relation to the original (Fig. 10, 11) was made. Thus, the
developed algorithm can be used to eliminate the influence
of various illuminants.

2.1t is proved that the color perception model is neces-
sary since when using the conventional coordinate system,
the maximum error in various illuminants is within 0.025—
0.177 CIE units. The maximum magnitudes of influence in
the coordinates of the color perception model are within
10-19.02 CIE units. This indicates that in the first case it
can be said that the color is not distorted, since the error is
minimal, but in fact, from the observer’s viewpoint, distor-
tions take inadmissible values (more than 4—8 CIE units).
Thus, adaptation is carried out regardless of the shooting
conditions and color perception properties.

3. Because of the increasing brightness of the image
stimulus, the region of rendered colors decreases, but the
algorithm is not affected by the limitations. Applying the
algorithm for adaptation in the color field that is not trans-
mitted by the system due to limitations is not appropriate in
terms of optimizing the general system.

4. As a metrological tool, it is proposed to use a set of
coordinates of the color chart and the algorithm for deter-
mining the spectral power distribution with given color



coordinates. One of the metrological tools can be a set of Acknowledgments
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