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ABSTRACT

In this paper the studies in the Ku band (13-18 GHZz) of non resonant Ag thick film microstripline
overlaid with moisture laden sunflower (Helianthus Annuus) seed is reported. The perturbation
obtained in the transmittance and reflectance of the thick film microstripline due to the sunflower
overlay has been used to obtain permittivity. Using the amplitude data the permittivity and
moisture content of moisture laden sunflower seed has been predicted by overlay technique. As
moisture content increases microwave dielectric constant, dielectric loss and conductivity of
sunflower seed increases. Ag thick film microstripline is sensitive to very low moisture content in
the overlay material. From the permittivity, the calibration factor for moisture sensing has been
found and the moisture content in the sunflower seed has been predicted. The predicted moisture
content and actual moisture content of the sunflower seed are almost identical.
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INTRODUCTION

Agricultural biomaterials are basically materiatmsisting of organic and inorganic inclusions
along with water. In the microwave region of theatfomagnetic spectrum, dielectric properties
of the moist granular materials depends on freguenwisture content, bulk density and

temperature [1,2]. Oil seeds form a major constitue the agricultural and food sector. The

dielectric properties of the grains due to the @nes of water in varying quantities can be
detected using microwave methods [3]. Various mweree techniques [4-10] have been used to
study the moisture content (MC %). The authorsdference [8-10] have used a thin film

resonating component to predict moisture content.
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The simple miniaturized microstripline is a nonaesnt component. In the previous papers
[11,12] we had reported the use of Ag thick filmckistripline for predicting the moisture
content of soybean and groundnut seed. In thigrpadipe overlay technique has been used on
the same non resonant Ag thick film microstripltoepredict the moisture content of sunflower
seeds Klelanthus Annuus) using the Ku band microwave permittivitfhe sunflower seeds are
smaller in size than the soybean and groundnutésalit has more oil content due to which the
equilibrium moisture content is lesser than theeotivo seeds. Though the methodology used is
similar to that reported in our previous papers,J2], this work proves the efficacy of the
overlay method for moisture prediction even forywemall samples and high oil content. To the
authors knowledge there are no reports on the fusemsresonant Ag thick film microstripline to
predict moisture content and permittivity of sumfkr seeds.

MATERIALS AND METHODS

The width of thick film microstripline was 25mil.hE Ag thick film microstripline (figurel) was
delineated by screen printing silver on 96% alum(Kgocera, Japan) substrate and fired at
700C by conventional thick film firing cycle in the rée zone furnace. The microwave
transmittance (&) and reflectance (9 measurements were made point by point in the
frequency range 13-18 GHz with the help of microedench consisting of Gunn source,
isolator, attenuator, directional coupler and detec
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Fig.1: The schematic of Ag thick film microstripline with sunflower seed overlay [11,12]
The geometry of microstripline showing a cross secin (not to the scale): w, width of the
microstripline= 0.0635cm; h, length of substrate 2.54cm; L, length of sunflower seed;

Ts, thickness of the seed

In this technique, the change in transmission afi@ation of the microstripline with a single
sunflower seed with different moisture contentstkap the center the microstripline were
measured. Fig.1 shows the schematic of the migobee with sunflower overlay. The
investigations were done for as it is seeds, ftigked for 24 hours and dried naturally upto 144
hrs. The moisture content was measured on wet bsaisig gravimetric method.
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The sunflower seed was held in place with presbloek of thermocol on it to ensure better
contact between circuit and seed and to avoid & or this thermocol block was used. The
thermocol block did not change the characteristitsnicrostripline when placed over them.
Three identical thick film microstriplines were mstigated and six sunflower seeds with same
moisture content were used as overlay. All sunflose=ds had ellipsoidal shape and the sample
to sample variation in thickness was ~ 0.006cm\ardhtion in length was ~0.008 cm. The seed
to seed variations were of the order of ~ 0.02angmittance. Due to excellent source of dietary
fiber, protein and rich in cholesterol lowering posterols sunflower seed was chosen. The as
obtained seed had a moisture content of 4.22%.eTtvese soaked in distilled water for 24 hrs
for maximum moisture absorption as confirmed byfumdher weight increase of the seed as
measured by microbalance (K-16Micro, accuracy 0.0@). Eight moisture levels from 4.22%
to 34.78% were measured for all the six sunflovessds. Due to moisture the thickness of the
seed varied from 0.46-0.58cm, length from 1.22-drd@&nd bulk density from 0.18-0.24g/tm
All the measurements were conducted at room terqperé27C).

RESULTS AND DISCUSSIONS

Since overlay technique was used for permittivitgasurement and moisture detection, the
characteristics of the Ag thick film microstriplingthout overlay was studied. The transmittance
of the thick film microstripline is between 0.6 a@d’ and reflectance is between 0.03 and 0.05
for the microstripline without overlay with almasb dispersion.

The perturbation in transmission and reflection ttusunflower overlay and without the overlay
on Ag thick film microstripline in the frequencynge 13-18GHz is shown in Fig. 2 with error
bars indicating + one standard deviation from mesloe.

Due to the moisture laden sunflower overlay theraye (average of six seeds) transmittance
decreases and reflectance increases.

Figure 3 shows the reflectance as a function ofstnoe content only for 13GHz, 15GHz and
18GHz frequencies. From the figure, it is seen thatvertical spread of the data points indicates
the seed to seed variations. Frequency dependiettamce is obtained indicating scope for
choice of frequency with maximum variations. Thep& of the reflectance curve appears to be
larger only for 13GHz and 15GHz indicating bettepisture sensitivity while as 18GHz
indicating lower moisture sensitivity.

From the reflection coefficient, the dielectric stemt was calculated using the curve fit equation
suggested by Gouker et al. [13]. Using the datehahge in transmittance of the microstripline
due to sunflower overlay the dielectric los3 (vas calculated using the expression by Kim et al

[4].

The graph of dielectric constard) @nd dielectric losse() vs. moisture content (%) is shown in
Figure 4. From this figure, it is seen that as muwescontent (%) increases dielectric constént (
and dielectric los() also increases. Only for 13 and 18 GHz frequettata of all the six seeds
are plotted and for 14 -17 GHz only data of onadsseplotted. The vertical spread of the data
points is due to the variation of frequency. Theleattric loss shows behavior similar to
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dielectric constant. The sunflower seed exhibit thelectric constant. The dielectric constaint (
of the seed varies from 2 to 6 and dielectric [@%s~ 0.04 to 1.2.
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Fig.2. Perturbation in transmission and reflectiondue to sunflower overlay with error bars
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Fig.4. Dielectric constant §) and Dielectric loss £”) as a function of moisture content (%)

for Sunflower at different frequencies.

Table 1: Data of microwave conductivity(S/cm) for dferent frequencies and moisture

contents
Microwave conductivity(S/cm)
Moisture
content %> | 3479 | 2886| 23.04 1817 1270 848 554 422
Frequency
GHz ¢
13 0.86 0.70 0.60 0.51 0.38 0.28 0.19 0.13
14 0.83 0.68 0.57 0.48 0.36 0.26 0.18 0.10
15 0.79 0.65 0.55 0.45 0.35 0.25 0.14 0.08
16 0.75 0.64 0.53 0.43 0.31 0.23 0.12 0.97
17 0.72 0.62 0.51 0.40 0.29 0.21 0.10 0.05
18 0.68 0.61 0.49 0.38 0.26 0.18 0.09 0.04
The microwave conductivity of sunflower seed wdsulated using the dielectric loss.
c=m¢" & (2)
Where o = 2af  here fis frequency in GHz.
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&= permittivity of free space = 8.85 x 0S| unit
Ande"= dielectric loss

The microwave conductivity value obtained by thistihod varies from 0.04 to 0.86 S/cm. As
frequency increases conductivity decreases whilaa@sture content increases conductivity also
increases. The microwave conductivity due to suvdloseed overlay for all frequencies and
moisture contents (%) is tabulated in Table 1.
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Fig. 5. Variation of dielectric loss with dielectrt constant (a) Dielectric loss€) as a
function of dielectric constant €) and (b). Dielectric loss divided by bulk density€”/ p) as a
function of dielectric constant divided by bulk dersity (¢/p) at 13,15 and 18GHz frequency.
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Though moisture content is a major component invthge-material interaction at microwave
frequencies the densities also play a definite. fete moisture content prediction, compensation
has to be done for the density effects. A calibragquation has to be used to provide single
moisture content for a particular frequency.

Figure 5 (a) shows the dielectric l0g?) @s a function of the dielectric consta#y for sunflower
seeds at 13, 15 and 18 GHz for different moistargents. From the figure, it is seen that both
dielectric constant and dielectric loss show ahtldecrease with increasing frequency while as
moisture content increases dielectric constantdigldctric loss also increases.

The vertical spread of the data points is due ¢éovidriation of moisture contents (%). A cluster
of data points is obtained in the complex planeas Tives the distribution of the electric field
energy between dissipated and stored energy whkeisunflower seed.

When the complex permittivity is normalized to bdinsity and plotted, the slope of the straight
line is the coefficient iawhich is dependent on the frequency alone [6,14le equation
governing the various parameters is,

)

£
w: ] \ U}
e'la, e-¢

Figure 5(b) shows the loss factat’)(divided by bulk density as a function of the ldric
constant §) divided by bulk density for sunflower seeds dfeatient moisture contents at three
different frequencies (13, 15and 18 GHz) wherepthiats are located along a straight line.

From the figure, it is seen that the slope deceasdrequency increases. The X-axis intercept is
characteristic of the material and represents timalized dielectric constant of dry sample. As
moisture content increases, the mobility of the ewamolecules increases, making their
contribution to the polarization of the medium hegland increasing the losses at the same time.

At 13 GHz, ais 0.213, at 15 GHz 0.159 and 0.131 at 18 GHz. &odetermination,
measurements at one frequency and one moisturentoarte sufficient. After obtaining and

¢”, the calibration permittivity functiony is computed for each sample at different frequesnci
and moisture content. Figure 6 shows the variadbifop as a function of moisture content at 13,
15 and 18 GHz for sunflower seeds.

Linear fitting provides the frequency-dependent ficcient, intercept and coefficient of
correlation which are tabulated in Table 2. Consedy, a single calibration equation can be
established and used for moisture content detetiom#or sunflower from the measurement of
their dielectric properties at microwave frequesci@dhe following linear fitting is used to
correlatey with moisture content:

For 13 GHz, ¥ = 0.002M+ 0.347 °=r0.860 (3)
For 15 GHz, ¥ = 0.002M+ 0.380 °=r0.902 (4)
For 18 GHz, ¥ = 0.003M+ 0.405 °=r0.854 (5)
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From equation (3) and (4) the universal moistuldion equation is determined as

For 13 GHz, M = 291798.74 (6)
For 15 GHz, M = 260¢492.07 (7)
For 18 GHz, M = 221¥279.97 (8)
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Fig. 6 Moisture dependence of calibration functior(y) for sunflower seeds (six seeds) at 13
GHz, 15 GHz and 18 GHz frequency

In figure 7 the moisture content predicted in eaahflower seed by equation (6),(7) and (8)
versus the actual moisture content for three diffefrequencies are plotted. The data points lie
along the straight line that corresponds to thalidgationship.

Effectiveness of equation (6), (7) and (8) in d@ieing moisture content in sunflower seeds can
be evaluated by calculating the standard erroresfopmance (SEP) which is given by, (SEP)
given by Trabelsi et al [6,14].

\/—z (amM,-M ) 9)

Where, N is the number of samples.
AM - difference between the predicted and actual valueoisture content.

N
And M =(@1/N)>. AMi

i=1

The value of SEP is given in Table 2. From thedabis seen that as moisture content increases
SEP increases and also it increases with frequdigg.might be related to the scattering effects
and losses occurring in the microstripline. Théeatfon coefficient has been used for dielectric
constant calculations and since Ag thick film mstripline has been used as the device for
determination of the various parameters, the infielesses in the component adds to the
measurement errors.
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Fig.7 Predicted moisture content versus actual mdigre content for sunflower seed
at 13 GHz, 15GHz and 18GHz

The basic microstripline is an open structure whecleapable of supporting an infinite number
of modes. Usually designing is done to allow pramym by fundamental mode only. The
designing of the microstripline has been made waitimina as substrate and air as dielectric on
top. Owing to overlay the parameters on the topmgha. Granular biomaterials like as oilseeds
are complex random dense media consisting of n@staf components with various dielectric
behaviours. Since the sunflower seed is kept adagvéhe microwaves in the form of fringing
field on the microstripline interacts with only paf seed and not with the absolute water content
of the seed. When the seed is used as overlay itharpossibility of air gaps present below the
overlay. The overlay material does not conformhi ¢onductor contour. The size of the overlay
is also smaller than the length of the circuit. c8irthe seed is placed at the center of the
microstripline the electromagnetic waves suddengetra partially perturbed situation with a
different dielectric constant.

Table 2: Frequency dependent coefficient g intercept (k), correlation coefficient () and
Standard Error of Performance (%) (M.C.-Moisture content)

Frequency (GHz)
13 14 15 16 17 18
& 0213 | 0209 | 0159 0164 0182 0131
K 0357 | -0193| 0017| 0112 0171  0.216
R? 0823 | 0949 | 0912| 0719 0711  0.303
34.78%
sep.| Mo 0.23 0.27 0.29 0.35 0.38 0.42
0,
% 4|\'/|2é% 0.13 017 0.23 0.28 0.34 0.37

Since major contribution to the reflected energyfra biomaterial comes from the moisture, the
microwave transmission and reflection data obtaingt help in identifying the biomaterial
features.
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CONCLUSION

Our results indicate that overlay technique on a resonant microstripline can be used to
fabricate a nondestructive dielectric and moistersor for granular bio materials as small as a
sunflower seed. The perturbation causes changelgdtrical parameters which are governed by
the dielectric constant and size of overlay. Dueshape of seed partial overlay and moisture
dependent effects are observed in the microstaplifhe thick film component along with
overlay can be cost effective dielectric and meoesgensor especially for biomaterials, since any
size and shape of the overlay can be used. Ag filrokmicrostripline has been successfully
used to predict the moisture dependent dielectoiestant, loss factor and conductivity of
sunflower seeds. The permittivity of seeds increagigh increase in moisture. The calibration
function ) has been expressed in terms of two componerteoklative complex permittivity

(¢ ande™) which are intrinsic electrical properties of theaterial. It also takes into account the
energy distribution and integrates effects on feggpy and moisture content. A non resonant cost
effective miniaturized microwave component can l®duas a non destructive sensor for
measuring dielectric constant and moisture contemdividual sunflower seed that is easy to
use. It can be of potential use in many applicatigrarticularly for on-line configurations for
monitoring and control of such entities.

Acknowledgement
The author Vijaya Puri gratefully acknowledges tngard of research scientist “C” by the
University Grants Commission India.

REFERENCES

[1] S.O.NelsonCereal Chem., 198158, 487.

[2] A.KraszewskiJ. Microwave Power., 198015, 209.

[3] 3.A.W. Kraszewski, S.O.Nelsod, of Microw. Pow. Em. Energy, 2003 38, 13.

[4] J.H.Kim, K.B.Kim,S. H.Noh,J. of Electr. Engg. and Inf. Sci., 1997, 2, 72.

[5] S.Trabelsi, A.W. Kraszewski, S. O.Nelsdnans ASAE, 1999 42, 531.

[6] S.Trabelsi, A.W.Kraszewski,S.O.Nelsdmans. ASAE, 2001, 44, 731.

[7] S.Trabelsi, S. O.NelsoMeas. i. Technol., 2003 14, 589.

[8] M. P. Abegoankar, R. N. Karekar, and R. C. AiyBey. of Sci. Instrum., 1999 70, 3145.
[9] M. P. Abegoankar, R. N. Karekar, and R. C. Aiybticrow. Opt. Technol. Lett., 2002 33,
128.

[10] M. P. Abegoankar, R. N. Karekar, Y. Cho, and RAer., Microw. Opt. Technol. Lett.,
2003 vol.36, 221.

[11] V. Mane, Vijaya Puri.Arch. Appl. ci. Res., 2010 2, 286.

[12] V. Mane, Vijaya Puri., Adv. Sci. Lett201Q 3, 282.

[13] M.A.Gouker, L.J.KushnerlEEE Trans. Microw. Theo. Tech., 1994 42, 2023.

[14] S.Trabelsi, A.W. Kraszewski, S. O.Nelsa2001, 50, 877.

101
Pelagia Research Library



