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THE DEVICE FOR MEASURING COLOUR

In this paper, the authors propose a device for measuring the color characteristics of light reflected or transmitted through an optical medium. The main
element of this device is the measuring transducer, which assigns to each radiation three signals proportional to the color coordinates. Existing devices
have many drawbacks, among which low speed, due to the use of inert elements, which makes it impossible to measure rapidly changing light fluxes.
In this device, the authors tried to minimize these limitations by using photodiodes and a microcontroller with a built-in ADC and other devices.. Also
in this article, a mathematical model of the device is proposed. Attention is paid to psychophysiological perception of color. As a result, we found a
device that has a number of advantages over its counterparts, which makes it possible to perform color measurement with higher accuracy.
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10. €. XOPOIILIAHJIO, I. M. APMAK, C. A. EOUMEHKO
ITPHIIAN] JUIA BUMIPIOBAHHA KOJIBOPY

IporioHyeThest TIPUCTPili Ul BHMIPIOBAHHSA KOJIPHUX XapaKTEPUCTUK, sKE 3a JOINOMOTOK BHMIpIOBAJbHOTO II€PETBOPIOBAYA KOXKHOMY
BUIIPOMIHIOBaHHS CTaBHUTh y BIANOBIJHICTh TPU CHUTHAIY, IPONOPLIHHIX KOJIPHUX KOOpAMHAT. ICHYI0Wi IpHCTpoi MaroTh dyxe 0araro HEeOJIKiB,
cepel] SIKMX MaJia LIBH/KOJis, B HACIIJOK BUKOPHCTaHHS IHEPTHHUX CJICMEHTIB, 10 POOUTh HEMOXIMBUM BUMIPIOBAHHS LIBHIKO3MIHHUX CBITJIOBHX
HOTOKIB. Y I[bOMY HPHCTpPOI aBTOpH CIpoOyBany MiHiMi3yBaTi Hemouniku. Takoxk B JaHill CTATTi NPONOHYETHCS MaTeMaTHYHA MOZEIb IPUCTPOIO i
HPHALICHO yBary ICHXo(i3ionorivHoMy CIpHHHATTIO KOIBOPY.

Ku1r04oBi cj10Ba: BUMIpIOBaHHS, IPUCTPiit, KOJTip, HOTOAIONH, MIKDOKOHTPOJIEP, MaTEMaTHYHA MOJIEIb, CUX0dizionoris 30py.

I0. E. XOPOIIAHJIO, H. H. IPMAK, C. A. EODHMEHKO
YCTPOMCTBO JJI151 U3BMEPEHMSI LIBETA

Ipennaraercs ycTpoHCTBO I M3MEPEHHUS [IBETOBBIX XapaKTEPHCTHK, KOTOPOE C MOMOIIBIO H3MEPUTEIBHOTO IPe00pa3oBaTels KaxIoMy U3ITydCHUIO
CTaBHT B COOTBETCTBHE TPU CUTHANA, IPOINOPLHOHAIBHBIX IIBETOBBIX KOOpAHHAT. CyIIecTBYIOIINE yCTPOHCTBA UMEIOT OY€Hb MHOTO HEJOCTATKOB,
cpemy KOTOPBIX Malloe OBICTPOJCHCTBHE, BCIEACTBHE HCIIONb30BAaHWS WHEPTHBIX OJIEMEHTOB, YTO JENaeT HEBO3MOXXHBIM HM3MEpEHHUs
OBICTPOM3MEHSIOIINXCS CBETOBBIX ITOTOKOB. B TaHHOM YCTPOMCTBE aBTOPBI IOIBITAINCH MHHHMH3HPOBATH HEIOCTATKU. Takke B JaHHOW CTaTbe
IpeUIaraeTcsi MaTeMaTHIeCKasi MOZIEIb YCTPOUCTBA. Y 1elIeHO BHIMAHHE IICUXO(hH3H0IOTHYECKOMY BOCIIPHATHUIO IIBETA.

KaroueBble c10Ba: M3MepeHUe, YCTPOICTBO, IIBET, (HOTOJHOIbI, MUKPOKOHTPOILIEP, MaTEMAaTHIECKasi MOJIENb, ICUXO(H3UOIOTUS 3pEHUSL.

Introduction. For man, vision is the leading sensory
system. At the biological level, this is confirmed by the
fact that about half of the cerebral cortex is involved in the
processing of visual information. Most of all information
from the outside world (70-90%) is perceived by a person
through a visual analyzer system. The leading role of the
visual system is determined not only by the fact that it is a
distant analyzer giving information about the surrounding
world without direct contact with its objects, but also by
the fact that in the images of visual sensations and
perception the leading signs of objective reality-shape,
size, are reflected. No analyzer system gives such
complete information about the surrounding world as
visual. Violation of certain visual functions, for example,
color perception, is irreplaceable with the help of other
analyzer systems. To a certain extent, visual
representations can replace representations obtained from
other analyzer systems. But the ideas received with the
help of one of them and even all taken together can not
completely compensate visual representations. Thanks to
the sight, a person can freely orient in the world around
him, his eyesight helps him to react quickly to the dangers
that arise for his life, it makes it possible to see objects
that are removed from the eyes by billions of kilometers.
[1].

However, the close relationship between the activity
of the visual system and the activities of other analyzer
systems allows a person to activate the idea of the
properties of the object, which were perceived by the
contact method. For example, visually perceiving an
object at a distance, it is possible to stimulate an idea of

the properties of an object that were perceived by the
taste, olfactory, tactile and other analyzers (so the view of
lemon and sugar creates an idea of sour and sweet, the
kind of a flower - its smell, snow and fire - about their
temperature, etc.). The combined and interconnectedness
of various analyzer systems, with the leading role of the
visual, unites them into a single aggregate, formed in the
process of individual development and providing a sensual
reflection of the world. [2].

Vision has a dual nature: daytime vision is carried
out by cones, and night vision by chopsticks. The rod
apparatus has a high light sensitivity, but it is not capable
of transmitting a sensation of chromaticity; cones provide
a uniform and color vision, but compared to the rods are
much less sensitive to weak light and fully function only
in good light. Depending on the degree of illumination, we
can distinguish three varieties of the functional ability of
the eye.

1. Day (photopic) vision is performed by the cone
apparatus of the eye with a large intensity of illumination.
It is characterized by high visual acuity and a clear,
adequate perception of color.

2. Twilight (mesopic) vision is carried out by the rod
apparatus of the eye with a low degree of illumination
(0.1-0.3 lux). It is characterized by low visual acuity and
achromatic (non-color) perception of objects. The lack of
color perception in low light is well reflected in the
proverb "at night all the cats are gray." [2].

3. Night (scotopic) vision is also carried out with
chopsticks at very low illumination and reduces only to
sensation of light.
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Thus, the dual nature of vision requires a
differentiated approach to the evaluation of visual
functions. It is necessary to distinguish between central
and peripheral vision.

Central vision is characterized by the ability of a
person to distinguish between the form, the small details
and the color of the objects in question. For the
recognition of objects of the external world, it is necessary
to distinguish between them individual details. The
smaller the details are distinguished by the eye, the higher
is his visual acuity. Under visual acuity it is accepted to
understand the ability of the human eye to perceive
separately the points located at a minimum distance from
each other. In connection with the unequal distribution of
cones in the retina, its various areas are uneven in visual
acuity: as the distance from the retina center decreases, the
visual acuity decreases. Already at a distance of 10° from
the center it is 0.2 and even more reduced towards the
periphery. Normal visual acuity in most adults
corresponds to 1.

Color perception is the ability to distinguish colors.
All the variety in the nature of flowers is divided into two
groups - achromatic and chromatic. Achromatic include
white, gray and black colors. All achromatic colors
characterize one quality - brightness or lightness, i.e.
degree of proximity to white. [2].

To chromatic colors are all the tones and shades of
the color spectrum. They are characterized by three
qualities: 1) color tone (the color feature differs from other
colors of the spectrum: blue, red, yellow, etc.); 2) the
saturation determined by the fraction of the main tone and
the impurities to it of gray, which determines the intensity
of the color; 3) brightness or lightness of color, degree of
its proximity to white (light and darker colors). Different
combinations of these characteristics give a variety of
shades of chromatic color. A person is able to perceive
about 180 color tones, and taking into account differences
in brightness and saturation - more than 13 thousand. [3].

Peripheral vision plays a big role in human life: it
serves for orientation in space, has high sensitivity to
moving objects, serves a person in conditions of low
illumination. Peripheral vision provided by the peripheral
parts of the retina is determined by the magnitude and
configuration of the field of vision - the space that is
perceived by the eye (or eyes) with a fixed gaze. For
achromatic (non-colored) objects, the normal field of view
(with simultaneous viewing by both eyes) covers 180
degrees horizontally, 110 degrees vertically. The field of
view of each eye has certain boundaries: the outside of the
eye has 90°, the bottom out 90°, the bottom 60°, the
bottom 50°, the inside 60°, 55° to the top, 55° to the top
and 70° to the top. In both eyes, the boundaries of the field
of view are symmetrical. [2].

Light perception is the ability of the eye to sense the
minimum brightness of the active light. This property of
the visual analyzer, which underlies all other visual
functions. It manifests itself in the form of absolute light
sensitivity, characterized by the threshold of sensation of
light, and in the form of a distinctive light sensitivity,
which makes it possible to sense an uneven brightness of
light. Absolute light sensitivity is variable. It depends on

the degree of illumination, the change of which causes
adaptive changes in the light sensitivity. This process is
called adaptation, which protects the eye from
overexertion, while preserving its high photosensitivity.

Isolate light and dark adaptation. Light adaptation,
especially with a sharp increase in illumination, is
accompanied by a protective reaction - blinking eyes.
Adaptation to a different brightness of light comes fairly
quickly, in the period from 50-60 seconds to 3 minutes.
Complete addiction to the dark, dark adaptation, on the
contrary is achieved slowly, only after 45-50 minutes. The
duration of the process of light and dark adaptation
depends on the level of the previous illumination: the
more sharp the difference in the levels of illumination, the
longer the adaptation. [3].

Binocular vision is the ability to perceive spatial
relationships. This is the special most important complex
function of the visual analyzer, which is the basis for the
perfect adaptation of the organism to the conditions of the
external environment. Binocular vision is provided
through the fusion of visual information from both eyes
into a single image in the cells of the cortex that are
associated with the visual paths coming from each eye.
The mechanism of binocular vision is based on
accommodation and convergence. Accommodation is the
change in the refractive power of the lens of the eye,
which adapts it to a clear vision of differently distant
objects. Convergence is the reduction of visual axes in the
transition of fixation from a distant object to a near one.
They act in concert: a change in accommodation leads to a
change in convergence and vice versa. This ensures
binocular fixation of objects located at close distances
from the eyes. The divergence is the opposite of
convergence, which consists in the fact that the visual
axes are diluted when the fixation of the gaze from the
near objects to the distant ones occurs. [5].

Main part. In this paper, the authors propose a
device for measuring the color characteristics of light
reflected or transmitted through an optical medium.

The main element of this device is the measuring
transducer, which assigns to each radiation three signals
proportional to the color coordinates.

Existing devices for measuring color characteristics
have a number of drawbacks - low speed, due to the use of
inert elements, which will make it impossible to measure
rapidly changing light fluxes; insufficient measurement
accuracy of the light flux, which has weak power (weakly
illuminated objects) due to the low sensitivity of
photoresistors, the inability to separate in the space of the
measuring transducer and device; the inability to directly
control device due to the implementation of controls, etc.

In the developed device for measuring color
characteristics of objects, the authors tried to minimize the
above disadvantages by using photodiodes and a
microcontroller with a built-in ADC, reference lighting
LEDs and a color measurement method that consists in
determining the intensity of the three components R, G, B
of the input light flux converting the data into a digital
signal for the subsequent recalculation of the color
coordinate signal x and y for the color chart CIExy, which
will unambiguously characterize the color of the object,
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expanding functionality by adding an interface control
unit display facilities, the possibility of storing
information on a memory card and the possibility of using
the device in offline mode without involving a PC.

The device works as follows: a digital color
measuring device that contains three light filters, three
photosensitive elements, a normalizing amplifier, a
microcontroller, a light stream, passing through the light
filters, hits the photosensitive elements that are connected
to the inputs of the normalized amplifiers, according to the
invention, photodiodes are used as photosensitive
elements, it additionally introduced two normalizing
amplifiers, whose inputs are connected to photodiodes,
and outputs with analog inputs of the microcontroller,
LEDs e the lighting lights that are connected to the
outputs of the microcontroller, control buttons that are
connected to the inputs of the microcontroller, a liquid
crystal indicator that is connected to the outputs of the
microcontroller and a memory card that is connected to

the outputs of the microcontroller (picture 1).
UA 123485 U

Pic 1 - Digital portable color measurement device

The authors suggest a mathematical model of a
device for measuring color.
Formally we set the following problem. In the

Hilbert space L, [a, b] a system of functions u, (x), ...,
u, (x) is given, it is required to define linear combinations
with a set of coefficients {@}(i=1,n)(j=1,n) for which
the differences between given curves } (x) and linear

combinations
h
g,(x) =2 a,U,(x) (1)
i:l e ..

were minimal.
It is clear that with such a statement in the metric

space L, [a, b], the measure of the deviation is simply the

metric of this space, that is
b
A=[(g,(0—h () dx @)

To find the root-mean-square deviation, consider a

linear combination Zh:a..U.(x) for which
Ji~i

i=1

[, -Y U, f,dx=0  3)

m=1,..,n
The existence of a given linear combination follows

from the fact that the coefficient & ji is uniquely

determined from the system of linear equations
h b b
>, [U,(0)-U,x)dx = [ 1,0, (0)dx (4
i=1 a a
It is not difficult to see that the matrix of this system

is a Grane matrix for a set of functions u,(x), ..., u,

(x)that are linearly independent, hence its determinant is
not equal to zero. It is easy to show that expression (2)
reaches its minimum on this linear combination. Indeed,

. . . n .
for some other linear combination Z o' U (x) We consider
Jii
i=1

expression (2) with allowance for (3). Then we get

j@uyﬁ@muﬁ@:
= [0 -2 @, U0+ 3 (et~ U, () =
= [0 =Y @,V e+ 5)

+J.(i (@ = a_;-i)Uz(x))zdx >

w =l

> [0 (0 -3 a,U, (0

which indicates the validity of our statement.
We take an approximation of the integrals of system
(4) on an arbitrary set of points (X5...,X,) €[a,b]-

Then
j-Ul.(x)-Um(x)dx=:ZlUi(xk)-Um(xk) (6)
We denote ‘:)y _
SUG)U)=WL) ()
Then system (4) \;vill have the form

a,U,U)+..+a,U

jn n’

U)=,,U)
@, (U U )+t a, (U, U,)=(h,U,)

In this case, the minimum value A in expression (2)
will be determined

q n
A= QU (x)=h(x) (9
k=1l i=l
Taking into account the fact that & i is solution of

the system (8), then we finally obtain
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w.U) ... .Uy (h,0)
,U,) ... ,,u,) h,U,) (10)
I (h;, U)o (h;,U,) (b, hy)
- UnU)) e, (U,,U)
IO/ P U,,U,)

Conclusions. Finally, we received results which
confirm that the device developed by the authors has a
number of advantages over their analogues, which allows
to carry out color measurement with higher accuracy.
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