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Abstract

Moisture content is a grain quality factor, a parameter which changes during the processes of storage and processing
and determines consumer properties of different food products. OIML organization in its international recommendation
OIML R59 “Moisture Meters for Cereal Grain and Oilseeds” restricts maximal permissible value of moisture meters un-
certainty to not more than 3% of relative full scale error. Main task of the research is in receiving linear static function for
the grain moisture meter with four capacitive sensors. Method of Least Squares and general linear regression instruments
had been used for that purpose. Analyzing the graphs of modified static function for different moist substances it was
possible to say that it happened to be far more effective than initial static function and the static function received from
a first-order polynomial after the LS method implementation. Root mean estimator was calculated for initial static function,
the static function received with the LS method and static function, received after general linear regression implementation
as an integral difference between nominal and calculated values of moisture content. Corresponding root mean estimator
values were 1.3062%, 1.1616% and 0.4158%, that proves the effectiveness of a static function modified with the general

linear regression instruments.
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1. Introduction

Most of European countries had already changed
their local standards for moisture meters in accordance
with international recommendation OIML R59 “Mois-
ture Meters for Cereal Grain and Oilseeds” which re-
stricts maximal permissible value of moisture content
uncertainty to not more than 3% of relative full scale
error. From other hand, big list of different factors in-
fluence the value of modern moisture meters’ full scale
error in different bulk substances. Among them we
have physical and chemical composition, temperature,
granulometric composition, density etc. In addition,
physical and chemical composition of grain products
depends not only from grains’ type, but origin and
ways of cultivation, storage and processing — factors
that can be hardly predicted.

Currently significant part among the means of
substances’ properties and composition control is oc-
cupied with capacitive measuring instruments which
use capacitive sensors. “Successful” modifications of
capacitive sensors appeared years ago [1]. But, as it was
mentioned before, “type uncertainty” error can be of
a strong influence on the result of moisture measure-
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ment and needs to be compensated. This compensation
is traditionally performed in a secondary measuring
transducer by using complementary reference capaci-
tors, special analytic calculations, reference calibration
curves etc. All it can be used for the limited number of
materials and does not allow the moisture meter to be
versatile for the wide range of bulk substances [2, 3].

Main task of the research is to receive robust li-
near static function for the capacitive moisture meter,
described in [2].

2. Materials and methods

For capacitive sensors, where one of the capacitor
plates should be placed in two or several positions,
change of electric capacitance AC; (difference in elec-
tric capacitance before and after the distance between
two plates had been changed) for empty sensor should
be defined at first [1]. Then it is necessary to de-
fine change of electric capacitance AC, when capaci-
tive sensor is filled with tested substance for the same
positions of the capacitor plates. After that a relation
AC,/AC, should be calculated. In this method only the
accuracy of capacitor plates positioning would influ-
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Table 1
Calculated values of a static function (1)
W, % € 2.0 2.5 3.0 3.5
0 W . 0 0 0 0
10 W 8.78 8.60 8.44 8.23
20 W . 19.56 20.78 18.71 18.31
30 W . 33.13 32.31 31.51 30.74

ence the uncertainty of measurements. This method
can’t be directly implemented for effective moisture
measurement in grain, because we can easily move the
plates of a capacitive sensor in gases and liquids, but it
can be hardly performed in bulks and solids. Besides,
there is a necessity to compensate the influence of grain
types with different physical and chemical composition
by creating a reference channel and direct comparison
method application [2].

Measuring channel should be filled with a probe of
bulk substance, being under moisture control (sensors
C, and C,), and reference channel should be filled with
a same substance, but previously dehydrated (sensors C,
and C,). We have to measure values of electric capaci-
tances C;, C,, C, and C,, then to calculate differences
C, — C, and C, — C,. When it is done, we calculate
relation of these differences (C, — C))/(C, — C)), and this
would be an informative parameter, directly connected
with moisture content.

If we take values of electric capacitances (not filled
with a substance), equal to 15 pF for C,, C, and 50 pF
for C,, C,, it would be possible to receive normalized
equation (1) of a moisture meter static function [2].

C, -C
W, =28.599|| =—= |-1|.
CZ_CI

To check workability of a static function (1) with
different types of bulk materials, four values of dielec-
tric permittivity for dehydrated substances (¢, = 2.0;
e =2.5,¢ =3.0; ¢ = 3.5) and four values of moisture
content (W = 0%; W = 10%; W = 20%; W = 30%)
were taken [3]. After appropriate values of dielectric
permittivity for moist substances, calculated with a help
of universal Wiener equation, and values of capaci-
tances C, C,, C,, C, were received, calculated values
of moisture content had been estimated and given in
Table 1 [4—7].

0]

As we can see, all static functions, received with
a help of equation (1), are nonlinear, and calculated
values of moisture content are significantly different
from nominal in all points, except W = 0%. So, at
first, initial static function (1) should be linearized.

3. Theory/calculation

To receive linear dependence between moisture
content W and relation (C,—C,)/(C,-C,) method of
Least Squares had been used:

a+b.W:ﬁ, ()
CZ_CI

where @ and b — unknown coefficients of a first-
order polynomial (2). After solving the system of four
conditional equations with a help of LS method we
have the values of a and b coefficients: a = 0.9622;
b = 0.0371.

Calculated values of moisture content W, received
from a first-order polynomial (2):

c o c %—0.9622
0.9622+0.0371- W' =—=2——4 /=2 , (3)
c,-C 0.0371

are given in Table 2.

We can see that LS method is not effective,
as it was expected to receive better linearity of the
moisture meters’ static function. But it was possible
to calculate deviations AW of calculated moisture
content values from Table 2 and nominal points of
moisture content and approximate these deviations by
applying instruments of general linear regression [8, 9].
Deviations between nominal points of moisture content
and moisture values, taken for ¢ = 3.0, are given in
Table 2.

To approximate values of deviation AW from
Table 2, a sum of four functions (1, W, W? and W?)

Table 2
Values of moisture content W, received from equation (3)
w’ AW=Ww"-Ww
W % nominal
e =20 e =25 e =30 e =35

0 1.019 1.019 1.019 1.019 1.019
10 9.294 9.132 8.970 8.809 -1.030
20 19.456 19.051 18.647 18.270 -1.353
30 32.232 31.477 30.722 29.995 0.722
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Table 3
Calculated values of a static function (5)
W
W, %

e =20 g =25 e =3.0 g =35
0 0.268 0.268 0.268 0.268
10 10.230 10.045 9.859 9.674
20 20.850 20.470 20.085 19.723
30 30.658 30.211 29.476 29.280

was taken with appropriate coefficients, defined with
a help of Mathcad software (function linfit (x, y, Y)).

AW’ =1.019-0.269-W +0.00527 -W?* +

+0.000112-W°.

Taking formula (4) into account, we can build
modified static function for a moisture meter:

C,-¢C,

4

a
(Cz _Cl ]
W, = —1.019+1.269~f—0.00527x

2 3
[C3_C4_aj (C3_C4_aj

C,-C C,-C
22 7 71 0.000112-| 2" 72|, &)

b

X

New values of moisture content, calculated using
formula (5), are given in Table 3.

If we compare Table 2 and Table 3, it would be
possible to say that modified static function (5) is far
more effective then initial static function (1) and static
function, received from a first-order polynomial (3).

To prove it analytically, it seemed to be rational
to calculate one of goodness-of-fit parameters, root
mean estimator for example (6).

o \/Z(W

2
I/I/icalc )

inomin al

(6)

n

Corresponding root mean estimator values were
1.3062% for initial static function from [2], 1.1616%

for static function, received with a help of LS method,
and 0.4158% for new static function, what proves the
effectiveness of a static function, modified with a help
of general linear regression instruments.

4. Conclusion

To receive linear static function for the capacitive
moisture meter method of Least Squares had been
used. After system of four linear conditional equations
solvation it was possible to conclude, that LS method
is not effective for our case as it was expected to
receive better linearity of the moisture meters’ static
function. Next step of linearization was in calculating
deviations between nominal points of moisture content
and values, received after LS method application, and
their approximation using general linear regression
instruments.

Analyzing the graphs of modified static functions
for different moist substances it was possible to say
that they happened to be far more effective then initial
static function, suggested in [2] and static function,
received from a first-order polynomial after LS method
implementation. Root mean estimator was calculated
for initial static function from [2], static function,
received with a help of LS method and static function,
received after general linear regression implementation
as an integral difference between nominal and
calculated values of moisture content. Corresponding
root mean estimator values were 1.3062%, 1.1616%
and 0.4158% what proves the effectiveness of a static
function, modified with a help of general linear
regression instruments.

CunTe3 JiHIHOI CTATUYHOI XAPAKTEPUCTHKH MEPETBOPEHHA
JJI1 BOJIOrOMipa 3epHA 3 €EMHICHUMH CEHCOpPaMH

O.B. 3abonothun, B.A. 3abonotHuin, M.[. Kowosun

HauioHanbHuli aepokocmiyHul yHigepcumem im. M.€. )Kykoscbkozo “Xapkiecbkull asiauitiHut iHcmumym”,

syn. Ykanosea, 17, 61070, Xapkis, YkpaiHa
o.zabolotnyi@khai.edu

AnoTauis

BwmicT Bosiorn B 3epHi € MOKa3HUKOM SIKOCTi, IapamMeTpoM, SIKMi 3MIHIOEThCSI B Ipolieci 30epiraHHs Ta IepepoOKu
i BM3HAYa€ CMOXMBYI SIKOCTI Pi3HMX TMPOIYKTIB XapuyyBaHHs. MixkHaponHa opranizauis OIML B HopmatuBi OIML R59
“Bojioromipu xJ1iOHMX 3€pPHOBUX Ta OJIMHMX KYJIbTYp” OOMEXYE MAaKCUMAJIbHO JOIMYCTUME 3HAYEHHS HEBU3HAYEHOCTI BO-
JIOTOMIpiB Ha piBHi, 1110 He TnepeBuInye 3% BimHOCHOI 3BeneHOl MOXNOKK. MeTa JOCTiIKEeHHS — CUHTE3 JIiHIIHOI CTaTUYHOL
XapaKTePUCTUKU TIEPETBOPEHHS [UIST BOJIOTOMipa 3epHa 3 YOTMPMa €MHICHUMHU CEHCOPaMMU.
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Jlns oTpuMaHHS JIiHIMHOI CTaTUYHOI XapaKTepUCTUKU TIEPETBOPEHHS OyJ0 BUKOPMCTAaHO METOI HaWMEHIIMX KBa-
npaTiB. Pe3ynbTaT po3B’s3aHHS CUCTEMM 3 YOTMPbOX YMOBHHUX PiBHSIHb JaB MOXJIMBICTb 3pOOMTHM BUCHOBOK, IIIO METOI
HaliMEHINIMX KBaapaTiB BUSIBUBCS Hee(EKTHBHUM, 00 OTpUMaHa CTaTUYHA XapaKTEepPUCTUKA MEePETBOPEHHS MOBMHHA MaTH
Kpaly JiHifiHicTe. HacTymHuM KpoKoM sl JiiHeapu3allil O0yJio OOUYMCIEHHS BiIXWUJIEHb MiX HOMiHaJbHUMU 3HAYEHHSIMU
BMIiCTy BOJIOTM i 3HAYEHHSIMM, OTPUMAHMMM BHACIiTOK BUKOPMCTaHHS METOMY HAWMEHIIMX KBaapaTiB, 3 MOJAJIBIIOK iX
aMpoKCUMAILIE€I0 32 TOMOMOIOK iHCTPYMEHTIB JIiHIHOI perpecii 3arajibHOro BHUIY.

AHanizyioun rpadiky OTpMMAaHOI CTATUYHOI XapaKTepUCTUKU IEePEeTBOPEHHS JUIS Pi3HUX BOJOTMX PEYOBUH, MOXHA
3pOOMTU BUCHOBOK, III0 BOHA BHUSIBWJIACH OiTbII €(PeKTUBHOIO Y TMOPIBHSHHI 3 TTOYATKOBOIO CTATUYHOIO XapaKTEPUCTUKOIO
MEePEeTBOPEHHST i CTATUYHOIO XapaKTePUCTUKOIO, OTPUMAHOIO BHACIIOK BUKOPUCTAHHS METOAY HaiiMeHIIMX KBaapatiB. s
IMOPIiBHSIHHSL OYyJI0 OOYMCIIEHO CepeIHbOKBAIPATHYHY OLIHKY. BimmoBimHi 3HayeHHsT 1€l OLiHKU mOpiBHIOIOTH: 1.3062%,
1.1616% Ta 0.4158%, 1mo moBoauTh €(eKTUBHICTh CTATUYHOI XapaKTepMCTUKU, OTPMMAHOI BHACTIIOK BUKODPMCTAHHS JIi-
HiliHOI perpecii 3arajbHOrO BUJY.

KiniouoBi cioBa: BUMiplOBaHHSI BMICTY BOJIOTM; €MHICHUI BOJIOTOMip; OMOPHUI KaHasl; EMHICHUI ceHCop; JiHiiiHa
CcTaTUYHA XapaKTepPUCTUKA IEepETBOPECHHS.
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AHHOTAIMSA

Llenb nccenoBaHusT — CUHTE3 JIMHEWHOW CTATUIECKOW XapaKTepUCTUKY JIUIST BJlaroMepa 3epHa ¢ YeThIPhMSI eMKOCTHBIMU
aTYMKaMU.

st mosydeHusl JIMHEWHOW CTaTUYEeCKOW XapaKTepUCTHKM TpeoOpa3oBaHUsl ObUI IPUMEHEH METOJ HaWMEHbBIIIMX
kBagparoB. OH oka3zajcsg Hed(h(GEeKTUBHBIM, TaK KakK IOJYyYeHHas cTaTU4ecKasi XapaKTepUCTUKa IpeoOpa3oBaHMSI MMEET
BBICOKYIO HEJIMHEWHOCTh. VICIpaBUTH CUTYaIMIO TIO3BOJMIIO TPUMEHEHWE WHCTPYMEHTOB JIMHEHHON perpeccuy oOIIero
Buaa. HoBast cratnueckasi xapakTepucTuka npeodpa3oBaHus okaszajach Oosiee 3(h(GEKTUBHOM, YeM UCXOAHAsl cTaTUyecKas
XapaKTepPUCTUKA W CTaTU4YeCKasl XapaKTepUCTUKa, IMOJydeHHasl B pe3y/ibTaTe MMPUMEHEHUS METoJa HAUMEHBIINUX KBaapaToB.
Jnst cpaBHeHUsT Oblla BBIYMCICHA CpeIHEeKBaJpaTHUUecKasl OLIEHKA, COOTBETCTBYIOLIME 3HaYeHUsT KOTOpoil paBHbL: 1.3062%,
1.1616% wn 0.4158%. Dto noxareepxaaeT 3G GheKTUBHOCT MOTYYEHHON CTATMUYECKOI XapaKTepUCTUKU MPeodpa3oBaHusT st
€MKOCTHOIO BJIaroMepa.

KioueBble ciioBa: M3MepeHHE BIArocomepyKaHWs; eMKOCTHBIN BJIaroMep; OMOPHBIM KaHajl; eMKOCTHBIN HaT4WK; JIM-
HeifHasi cTaTMyecKasl XapaKTepHuCTUKa MpeoOpa3oBaHMs.
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