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Abstract

In the paper, solutions to the scientific and practical task of applying covariance analysis to determine the factor
influence on the functional transformation of the control parameter in colorimetric research are considered. The research
involves determining the factor influence on the additive and multiplicative components of the measurement error of the
colorimetric control parameter to assess the reliability of conclusions about the factor influence on the transformation
of the control parameter. Limits on the amount of the main level (control parameter) and factors affecting the result of
colorimetric control are determined. During the study, the equations to assess the reliability of statistical conclusions about
the informational significance of indicators of colorimetric control for a simplified model of cross-classification were obtained.

The need to carry out the research is related to the fact that during colorimetric control of grain crops, the uncertainty
of the measurement results of the values of the controlled indicators is large enough, and so it must be evaluated. However,
the proposed approach is not limited to a few colorimetric controls, but can be extended to a wider range of problems,
where it is necessary to consider the factor influence with further ranking of factors by levels of significance.
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Introduction

Everyone knows that wheat is one of the most
important and popular grain crops in the world [1], as
about 725 million tons of grain are harvested worldwide
every year. Durum wheat varieties are used in various
food products, including couscous, pasta and bulgur,
but mainly in the form of flour for the production of
pasta [1, 2]. In this century, attention to food quality
rather than to quantity has shifted the focus of research
to improving the nutritional quality of wheat, which is
measured by various parameters such as raw material
moisture, protein content, and flour colour. The latter
is related to carotenoid pigments, which are of great
importance for human nutrition [3]. Yellow pigment
content (YPC) is one of the most important indicators
of the quality of durum wheat grain [4] due to the
existing correlation between yellowness and the quality
of flour products [1, 4]. For this reason, accurate
determination and, if possible, improvement of YPC
is the main goal of most programmes of both durum
wheat selection and its quality processing, especially
considering the fact that competition in the market of
flour and its products has made this trait even more
important [1]. This became especially relevant after the
legislative ban on the use of artificial colours in the
production of pasta in some European countries [5],
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which strengthened the role of durum wheat cultivation
programmes to improve YPC [1]. Based on the above,
the task of considering the factor influence on the
determination of the YPC level using colorimetric
methods becomes relevant. In work [6], the model
of factor influence during colorimetric control is
considered. It is noted that it is technically very difficult
to provide the required sufficiently large number of
non-standard samples while maintaining the uniformity
of the measurement experiment. A simplified model is
proposed to avoid such complexity of the experiment,
leaving only main deviations and deviations caused by
pairwise interactions of the factors.

Study of a simplified model of the factor influence on
the result of colorimetric control of the YPC level with
restrictions on the volume of measurements

In some cases of research of non-deterministic
objects, the influence of some values on the initial
value of the object cannot be estimated quantitatively.
At the same time, a researcher may be interested in
how significant the influence of one or another factor
on the dispersion of the results of observations of the
initial value is. To study the influence of factors that
interfere with the initial value (feedback), their overall
estimation, ranking and selecting the most significant
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ones among them, all methods of screening quantitative
factors and regression analysis methods are obviously
unsuitable since they involve measuring the levels of
the factors being studied [7, 8].

To estimate the influence of each factor on the
response and to compare the influence of different
factors, it is necessary to establish some quantitative
indicator of this influence. To solve this kind of
problems, researchers use different techniques and
ways of organizing sample data, the essence of which
consists in applying different plans for classifying ob-
servations according to possible sources of dispersion.
The processing of such classified data is carried out
using the methods of dispersion analysis, which allow
decomposing general dispersion into components cau-
sed by the influence of the levels of factors of interest
to the researcher [9].

Let us assume that Z is a colorimetric control
parameter that needs to be estimated (yellowness of
wheat), and K,,... K, are control indicators determined
during the measurement process (for example, grain
temperature, humidity, illumination, and others). The
result of observing the value of each of the control
indicators can be written in the form of a mathema-
tical model, in which the influencing factors are Z
and (n—1) factors caused by the variability of the
remaining control indicators. This statement is be-
cause the remaining indicators quantitatively characte-
rize (n—1) physical properties of the object of control
and differ from the colorimetric control parameter
Z in that it is possible to directly measure their
levels.

The model of the influence of factors on the
measurement results of a single control indicator K
(grain moisture) is characterized by two influen-
cing factors (grain temperature, illumination). It has
the following form [9]:

K

abev

SR8, v, P, + (), +(3B), +hy. (1)

where a, b, ¢ are the numbers of levels of influencing
factors;
0, is the deviation of the measurement result of
the indicator K from its average value K due to the
influence of the parameter Z (yellowness of wheat —
YPC) i.e. different characteristics of selected wheat
samples;
a,, (. are the deviation of the measurement result
of K, from K due to two factors;

(da),,> (0PB),. are the deviation due to paired
interactions of the influencing factors;

h,. is a random remainder.

The simplified model (1) can be reduced to two
two-factor cross-classification models [9]:

Kabv = ]?+8a +a‘b +(8a)ab +h(ot)abv; C=q=v, (2)
b=g=v, (3)

K =K+38,+B, +(8B) +hp s

where v is the number of multiple measurements of
the indicator K in a cell of the model output data
tables (2) and (3); Ay > Agyar are random remainders
caused by two factors: grain temperature and illu-
mination, respectively.

We will conduct a study of the condition that
allows synthesizing model (1) using (2) and (3).

The first condition is to ensure that main
deviations in models (2) and (3) are equal to each
other. For this, the number of groups of the results
of observing the values of the control indicator K
should be the same for all models. This corresponds
to the same number of terms in the source data
table [9]. At the same time, the number of values
of the control indicator K in each of the groups
should be the same g. For this, the number of groups
of the results of observing the values of the control
indicator K should be the same for all models.

We will use the following actions to model
the additional factor influence (for the columns of
the initial data) on the indicator K:

— we rank the internal group values of the control
indicator K; in ascending order, which corresponds
to the selected additional influencing factor;

— we divide the ranked (by all g groups) series
of the values of the indicator K, into / subgroups;

— in each subgroup, we select n values of the
information indicator K that correspond to n values
of the indicator K, and enter them into the input
data cell.

The obtained table gx/ of the results of obser-
vations of the values of the control index K with n
multiple observations in each of the cells gx/ can
be used for variance analysis of any of the mo-
dels (2) or (3) of cross-classifications corresponding to
the given additional factor affecting K, i =1,2.
We denote these factors as K, K;. Generally, any of
these factors will be denoted as K, and any of the
models (2) or (3) can be represented as [9]:

Kadv:I?+60+id+(6,.)ad+hadv. 4)

Complete decomposition of the sum of squares
of the deviations of K, values from K, with the

fulfilment of initial conditions and restrictions, model
(1) has the following form:

2=2+Z, +2, +2,,, ®)]

where %, 2, %, 2, are the sum of the squared
deviations of the two influencing factors and their
interactions, respectively.

The results of the dispersion analysis of model (5)
are given in Table 1 [9], where K,, K,, K, are the
averages for the rows, columns, and cells. _

We will consider that for models (2) and (3) K
and the sums X and Z; are the same, we will present
the sum of squared deviations K ,. from K of mo-

abc
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Table 1
The results of the dispersion decomposition of the sum (5)
The number
A source of variability of degrees of Sum of squared deviations
freedom
&~ =y
The main factor Z k=g-1 25=an(Ka—K)
a=1
S
An additional factor K, k=1-1 X, =ng Z(K «—K )
d=1
a 1 _ _ _ —\2
Interaction between Z and K, k=(g-1D(l-1) X, =n Z(K&l - 5—K0+K)
a=1 d=1
g | n — v
Remainder (in the middle of the cell) | k=gl (n— 1) 2, =YY (K, -K..)
a=1d=1v=1
g | n —\v
General k=N-1 ZZEZZ(KW K)
a=1 d=1v=1
del (1) as a combination of sum (5), i= 1,2 with =3+ L, +2%,-2%. ©)

a residual sum X/, which characterizes the influence
of factors not considered in the model:
T=S 43, 45, 45, + 5 +2, (6)
The obtained ratio (6) allows simplifying mo-
del (1) to the following form:
Kabcv=E+6a+ab+ﬁc+(6a)ab+(6B)ac+h !

abcv

(7

where 4,/ is a remainder caused by two factors: grain
temperature and illumination, respectively.

The calculation of the sums of expression (7) is
carried out according to the equations of the sums
of squares (Table 1), except for X/, by replacing
the factor K, with a specific additional factor affec-
ting K,, K;. The sum 3./ can be calculated from

equations (8) or (9) [9]:

5p°

Table 2 presents the results of the variance analysis
for the simplified model (7) [9].

Let us consider the properties of the simplified
model and how exactly it affects the colorimetric
control indicator. Model (1), used for the results of
observations of the values of K. of the information
parameter K, occupies an intermediate position between
the full model [9] and models (2) and (3). From (8),
it becomes clear that the residual sum of the simplified
model (9) is less than the residual sums of models
(2) and (3). This may indicate the increased accuracy
of the model compared to cross-classification models
(2) and (3). Based on Table 2, we can conclude that
the number of degrees of freedom of the residual
sum X/ decreases with an increase in the number g
of groups (according to the levels of the colorimetric
control parameter Z) and the number 1 of sub-
groups (according to the level of additional factors

2/ =%,-%,-Z ) .
¢ (8) affecting K, and Kj). Let us rewrite k, from the Table2
2/ =2, -2, T as follows:
Table 2
Results of the variance analysis for the simplified model (7)
A source of variability The number of degrees of Sum of squared deviations
freedom
The main factor Z k,=g—1 X5 =% /ky,
An additional factor K k,=1-1 3, =2, /k,
An additional factor K| ky=1-1 X, =%, [k,
Interaction ZK ks, = (g - 1)(1 - 1) E&x = Xsa / ks,
Interaction ZKﬁ ka[s = (g - 1)(1 - 1) z, = Zsp / ksg
Remainder ke=N-— g(21 - 1) .= Zef /ke
General k=N-1 >=3/k
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Table 3

Estimated ratios

Factor influences

An additional factor K

22, 2t =/ kgt ks, T kgt k,

An additional factor KB

Za+25q+256+26f /k tk, + k5B+ k,

KK, 7K. 7K,

K, K[3 28a+26[i+ '/ k6a+kﬁﬁ+ k,
f

K, K, ZK, Syt 3/ kgt k,

K, K, 7K, S +E] kit k,
b

e

ke:N—gl(2—%J. (10)

It can be seen from formula (10) that the num-
ber of degrees of freedom is greater, with g-/= const,
the greater the ratio g//. Based on the conclusion, it
is possible to plan the number of groups and sub-
groups in the tables of output data of models (2)
and (3). It is desirable to increase the number of g
groups (subranges of measurements of the parameter K
of the colorimetric control Z), and reduce the number
of subgroups by reducing / to a minimum. This will
make it possible to increase the number of degrees
of freedom of the residual sum X/ The advantage
of the proposed simplified model is the possibility of
simultaneously testing the hypothesis H,: the influence
of factors Z, K,, K, on the information indica-
tor K. The latter is absent, therefore H: §,=...5,=0
[9]. The components of this basic hypothesis are as
follows:

H':a,=.=0a,=0; H):B,=..=B=0;

H) :(8a), =...= (8a)gl =0; H," :(3B), :...:(SB)gI =0.

Verification of the listed hypotheses by the ratio
of the corresponding mean squares _(fﬁ, Ea, fﬁ, EM,
Y,,) to the residual mean square X, with a further
comparison of the obtained F — statistics with the
corresponding percentage points for F — distribu-
tions [9]. This advantage of the simplified model (7)
makes it possible to estimate the amount of expected
information about the levels of the colorimetric

control parameter Z for the information indicator K,
considering the levels of both influencing factors and
their interactions [9]:

2
I =log 1+[G—K] , (11)
GAK
where o} :Zsa a Oh — is a function of the sum

of squared deviations (Z;, X, %, Ty, g 2) in
Table 1 and Table 2.

Table 3 summarizes the equation to calculate
the o), for the simplified model with various
combinations of factors affecting the information
indicator K.

In this way, the equations for estimating
the reliability of statistical conclusions about the
informational significance of colorimetric control
indicators for the simplified cross-classification model
were obtained.

Conclusions

1. An analysis was made, and a simplified cross-
classification model was proposed, which considers
the effects of the simultaneous interaction of two
factors (moisture of raw materials, illumination) on the
result of measuring the colorimetric control indicator
(yellowness of wheat — YPC), and studied.

2. Expressions for estimating the reliability of sta-
tistical conclusions characterizing the informational
significance of colorimetric control indicators for
a simplified cross-classification model were obtained.
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Jlucnepciinuii aHa i3 y KOJOPUMETPUYHOMY KOHTPOJIi
C.A. Ecnmenko, 1.B. NpuropeHko, C.M. puropeHko

HaujoHanbHuli mexHiqHUl yHisepcumem “Xapkigcbkuli nonimexHiqHul iHemumym”, eyn. Kupnudosa, 2, 61002, Xapkie, YkpaiHa
sefimenko64@gmail.com

AHoTaris

Po3risiHyT0 MOXIIMBICTH BUKOPUCTAHHS JOUCIIEPCIHHOTO aHalli3y mJisi 0OpOOKM JaHMX KOJOPUMETPUYHOIO KOHTPOJIIO
Ta PO3pOOKU CIIPOLIEHOI MOJENi MepexpecHuX Kiacugikalliii, 1o BpaxoBye e(peKTH OIHOYACHOI B3aEMO/Iii 1BOX (haKTOpiB
(BOJIOTOCTi CUPOBMHHU Ta OCBITJIEHOCTI) Ha pe3yJbTaT BUMiplOBaHHS MOKa3HUKA KOJOPUMETPUUYHOIO KOHTPOJIIO (3KOBTU3HA
mueHuli — YPC), ta mpoBeneHo ii mocmimkeHHs. OCKilbKMA BMIiCT koBTOoro mirMmeHTy YPC € omHUM i3 HalBaXKJIWBIlIMX
MOKA3HUKIB SIKOCTi 3epHa TBEP/Oi MIIEHUIIi, TO caMe BiH Oyae Haiibiablll HAOYHO BU3HAYATUCS METOJOM KOJIOPUMETPUUYHOTO
KOHTpOJ10. JlocmimkeHHsT TToKa3ajao oOMeXeHHST Ha KiJIbKiCTh PiBHIB TapaMeTpa KOHTPOJIIO Ta (paKkTopiB, 110 BIUIMBAIOTh Ha
pe3yabTar. Y Xoi DOCHiIXeHHs Oy BCTAHOBJIEHI PiBHSIHHS [UISI OLiHIOBAaHHS JOCTOBIPHOCTI CTATUCTMYHMX BUCHOBKIB LIOJIO
iH(opMalliliHOI 3HAYYIIOCTi MOKA3HUKIB KOJOPMMETPUIHOTO KOHTPOJIIO MPU BUKOPUCTaHHI CITPOILEHOI MOIENi ImepexpecHol
kiacudikaiiii. CripoilleHa MOJeIb Jajla MOXJIMBICTb OLIIHUTU KiJIbKICTh OYiKyBaHOI iH¢opMmallii 11010 piBHIB MapameTrpa
KOJIOPUMETPUYHOTO KOHTPOJIIO TIPU 0OMEXEeHHSIX Ha 00’eM BUMipioBaHb. JloBeaeHO, 1110 caMe BUKOPUCTAHHS OUCIEPCiiHOro
aHaJli3y TOBHOIO MipOI0 A€ MOKJIMBICTh BpaxyBaTh (aKTOpHWII BIUIMB Ha DPe3yJIbTaT KOJIOPUMETPUYHOTO KOHTPOJIIO,
HEOOXiIHICTh SKOrO Ha ChOTOAHI MOB’sI3aHa 3i 3pOCTAHHSM BUMOT 1O SIKOCTi MILIEHUYHOTO OOpOIITHA Ta MPOAYKTIB, IO
3 HBOTO BHUTOTOBJISIOThCA. Lle cTamo 0co0IMBO aKTyadbHMM ITiCJsS 3aKOHOHABYOI 3a00pPOHM HAa BMKOPUCTAHHSI IITYYHUX
0apBHUKIB MPY BUIOTOBJIEHHI MaKapOHHMX BUPOOIB Yy JEeSIKMX KpaiHax €BpOIM, IO MOCUJIUJIO POJb IpOrpam cCeyieKiil
TBepIOi MieHuI a1t mokpamieHHs YPC. 3Bakaioun Ha BUIlleCKa3aHe, CTa€ aKTyaJIbHUM 3aBIaHHS ypaxXyBaHHSI (DaKTOPHOTO
BIUIMBY Ha BM3HauyeHHs piBHSI YPC 3a I0OMoMororw MeTodiB KOJOPUMETPIii, K OZHOIO 3 METOIIiB €KCIPEC-KOHTPOJIIO, 110
IIBUIKO Ja€ HeoOXiTHe 3HAYCHHS MapameTpa Ipu OOMEXXEHHSIX Ha yac KOHTPOJIIO, ajie He Ha MOro TOYHICTh.

KimouoBi cioBa: mucriepciiiHuii aHauti3; »KOBTM3HA TIIEHMIN; (paKTOPHMII BILIMB; IIIBHICTh PO3MOMiTY HMOBIPHOCTI;

KOJIODUMETDisl.
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