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ABSTRACT

In the present work, two models namely, quadratic and cubic, for the
variation of relative permittivity and dielectric lossfactor of soft red winter
wheat (TriticumaestivumL.), with decimal moisture content at 2.45 GHz
have been proposed by the authors. The resulting data for relative permit-
tivity and loss factor have been derived from the works of Nelson. The
models chosen for comparison with the present models are also due to
Nelson. The evaluation of constants for the models has been done using
the method of Least-Squares-Fit for nonlinear regression analysis. With
the values of coefficients of determination (r?) too closeto unity (~ 0.99),
and lower average percentage errors ~1 and 0.3 for relative permittivity
and ~8.7 and 4.1, respectively for both the present models compare them
favorably with the established models. © 2008 Trade Sciencelnc. - INDIA
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INTRODUCTION

Theuseof eectrical propertiesof grainsfor mois-
ture measurement has been one of the most prominent
agricultural applicationsfor dielectric propertiesdata.
Thedidectric propertiesoffer apotential meansin mak-
ing devicesfor senang moisture content of grainswhich
help in preventing the spoilage of large blended lots
stored in elevators, shipsor millgY. Itiswhy, severa
effortsto model thedid ectric propertiesof grainshave
been made?34., The purpose of the present paper isto
consider amoregeneral approach towards modeling
thedie ectric properties of soft red winter whesat (Triti-
cumaestivumL.) using the data of resultsfor them at
afixed frequency of 2.45 GHz at 24°C in order to

present empirical expressionswhich alow predictions
of permittivity and lossfactor. The dataof resultsfor
relaive permittivity and dielectriclossfactor havebeen
taken from plots showing their variationsasfunctions
of percentage moisture content, wet basis(w.b), ascon-
tained in Nelson’s Paper™. Theva uesof bulk density
at thefivemoisture contentsranging from 10.0 %to
20.0% (w.b) werederived fromthebulk density-mois-
ture relationship for soft red winter wheat as presented
by equation (1) of Nelson’spaper’®. Datafor dielectric
properties have been chosen at microwave frequency
keepinginview thefact that theionic conductivitiesand
bound-water rel axation effectsalmost disappear inthis
range of frequency!”& 9,

Thus, microwaves offer anon-destructive, sensi-
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tiveandfeasiblemethod for determining thewater con-
tent of grainsamples.

2. Existing models, development of present
modelsand evaluation of constants

Thegenerd quadratic and cubic model s connect-
ing di€l ectric constant, moi sture content and frequency
of operation were used for their comparison with the
corresponding new models proposed in the present
study. Two genera formsof the equationsare’?:

¢ =[1+{A,-B,logf + (C,- D,logf)M}p]? (1)
and
g’ =[1+{A,~B,logf + (C,- D,log )M }p]* )

Theonly one equation for the dielectriclossfactor
availablefor comparisonisof theform:

¢'' = 0.146p%+ 0.004615 M2 p2[0.32 log f +

(1.743/0gf)-1] ©)
wherep = p, = bulk density of themateria ingram/cm®; M=100m
= percentage moisture content; wet basis; f = frequency of
operationin MHz.

Thevauesof congtantviz., A, B,,C,,D,andA,,
B, C,, and D, of equation (1) and (2) for soft red
winter wheat weretaken from Table 6 of Nelson’s pa-
per[Z]_

Based on the observations of amost linear plots
obtai ned from the dependence of relative permittivity
of grainsand cereal swith moisture content, especially
inthemicrowaverange, it was proposed to give qua-
draticaswell ascubic modelsfor such variations. The
proposed modelsare:

Quadratic

g =am’+bm+K, 4(a)
and

g’'=cm*+dm+K, 4(b)
Cubic

g'=am*+bm*+cm+K, 5(a)
and

g’ =dm*+em?+fm+K, 5(b)

Thevaluesof bulk density corresponding to M=0
(p,» SaY) as taken from equation (2) of Nelson’s pa-
perl® isequal to 0.7744 in the present case. Thevalue
of theconstant K, wastaken astheaverage of theval-
uesof relative permittivity derived from equations(1)
and (2) by putting M = 0, which in the present case
comesout to beequal to 1.494. Thevalueof K, was

equd tothevadueof lossfactor correspondingto M=0,
which in the present case comes out to be equal to
0.0876.

The constantsfor thefirst part of each of thetwo
sets of modd asenvisaged in equations4(a) and 5(a)
were evaluated using the method of | east-squares-fit
for non-linear regression. The same method was
adopted for the second part of each of thetwo models
given by equations 4(b) and 5(b) using thedataof re-
aultsfor dielectriclossfactor derived fromtheworks of
Nelson® asreferred to earlier inthetext.

RESULTSAND DISCUSSIONS

Dataof resultsfor relative permittivity, lossfactor
and bulk density of soft red winter wheat (Triticum
aestivumL.) at 2.45 GHz and 24°C and at five mois-
turecontentsareillustrated in TABLE 1 and theevd u-
ated constantsfor different proposed modelsarelisted
iINnTABLE 2. Further, the quantitative comparative per-
formances of the present modelsand those of Nelson
arereportedin TABLES 3(a) and 3(b). The coefficients
of determination (r?) and average percentage errors of
prediction for each of the different modelshave also

TABLE 1: Dataof resultsfor relative per mittivity, lossfactor
and bulk density of soft red winter wheat (Triticum aestivum
L.) measured at 2.45 GHz and 24°C at fivemoistur econtents,
wet bass

Moisture Bulk density  Relative Dielectric
content . 3 T ;
(% wet basis) in gramxcm™ permittivity & loss factor &
10.0 0.771 2.65 0.26
125 0.761 2.88 0.41
15.0 0.740 3.06 0.57
17.5 0.712 3.28 0.64
20.0 0.681 3.57 0.71

TABLE 2: Constantsfor different proposed modelsconnect-
ing relativeper mittivity and diglectriclossfactor with mois-
turecontent for soft red winter wheat (Triticum aestivumL.)
at 2.45GHzand 24°C

Par ameter sand constants for the present models
Modelsfor relative Models for dielectric loss

per mittivity factor
QMm@ cmb QM CM
a=-10.6353 a=230.8584 ¢=9.5222 d=-282.9223
b=123163 b=-827858 d=1.3829 e=-97.9445
K;=1.4940 ¢=17.6910 K,=0.0876 f = -5.2040
K= 14940 K,=0.0876

QM -Quadratic model; PICM-Cubic model
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TABLE 3: Quantitative compar ative per for mances of present modelsand thoseof Nelson for moisturedependenceof relative
permittivity and lossfactor of soft red winter wheat (Triticum aestivum L.) measured at 2.45 GHz and 24°C

TABLE 3(a): Modelsfor relative permittivity

Nelson’s models Present models
QmHE cm P! QM CM
Predicted 2% error Predicted 2/ % error Predicted 2% error Predicted r?/Average %
values values values values error
2.72 2.74 2.62 2.67
2.92 2.99 2.87 2.86
3.16 3.17 3.10 3.06
3.35 0.9992/1.76 3.36 0.9990/2.76 3.32 0.9999/1.02 3.29 0.9934/0.35
3.58 3.59 3.53 3.57
[AQM-Quadratic model; P'CM-Cubic model
TABLE 3(b) : Modesfor dielectriclossfactor
Nelson’s models Present models
QM QM CM
i 0,
Predicted r2/Average % error Predicted values r2/Average Predicted values r2/Average %
values % error error
0.27 0.32 0.26
0.35 0.41 0.41
0.42 0.9994/16.71 0.51 0.56 0.9662/4.10
0.50 0.62 0.9999/8.62 0.66
0.59 0.74 0.70
AQM — Quadratic model; P"CM- Cubic model
been reported. CONCLUSIONS

Examination of datain TABLE 3revealsthat both
quadratic and cubic modelsof Nelsonrelating relative
permittivity to decima moisture content generaly pre-
dicted dmost thesameva ues, excepting afew instances
wherethey differed by morethan 5%. Theaverage er-
ror of prediction over all moisture contentswas 1.76%
and 2.76% for quadratic and cubic models, respec-
tively. The corresponding average errorsof prediction
for the present two modelsare  1.02% and 0.35%.
Theaveragepercentageerror of predictionin Nelson’s
solitary model for dielectriclossfactor against moisture
content istoo high~16.71 %. Thedeviationinthenewly
proposed quadratic model is~8.67. On the contrary,
thedeviationistoo small ~4.10% withthe newly pro-
posed cubic modd. Ther?-vauesfor al themodelsfor
relative permittivity are ~0.96 t0 0.99. Thus, al the
model s show good fitswith experimental data.

Thus, on thebasis of the present study, it may be
opined that the new cubic models proposed in the
present study, provide better performance ascompared
with othersin predi cting moisture dependence of rela-
tive permittivity and diel ectriclossfactor at the chosen
microwave frequency. However, the new quadratic
mode sfor relative permittivity aswel | asthelossfactor
provide higher r2-values (~0.9999) as compared to
thosefor cubic ones.

Themoisturedependenceof rdaivepermittivity and
dielectriclossfactor of soft red winter whesat (Triticum
aestivumL.) over moisturerange of 10 %to 20 % at
2.45 GHz and 24°C can be accurately represented by
second and third order polynomial trends equations,
both dielectric parameters showing dowly increasing
trendswith theincrease of moisture content. There-
sultsderived from themode sareindicative of thefact
that these equations should be generally useful for pre-
dictive purposesin most practica applications.
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