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Abstract A new microstrip ring moisture sensor is proposed for determining the
moisture of rice grains using the oven drying method at multiple frequencies, i.e., 3.7,
5.8, 6.9, 8.4 GHz, with low insertion loss as well as good return loss —18, —17, —22,
—27 dB. The proposed sensors parameters of ground length and width are 30 mm
and 25 mm, as well as the outer and inner radii are 8 mm and 4 mm. The design is
simulated by the CST software, fabricated on the FR4 substrate, which is cheaper
and measured by the vector network analyzer (Model No. Field fox N9925A).

Keywords Microstrip ring sensor - Vector network analyzer -+ Oven drying
technique - Rice moisture detection * Reflection coefficient

1 Introduction

Rice is the main source of nutrition for human beings. Moisture content inside rice
grain is a crucial parameter for grain processing, i.e., harvesting storage, quality
control, and transportation [1-4]. Mostly, rice grain is usually harvested between
19 and 25% MC for maximum grain yields and needs to be dried to 14% or less,
depending on the season and the weather, for safe storage [5—7]. Also, the ideal
moisture content for milling is 14% in order to maximize the head rice. So, moisture
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determination of rice is very important [8—11]. Water contained in rice is called rice
moisture. The water is held within the rice pores. Rice water is the major component
of the rice in relation to human beings growth [12, 13]. Hence, rice moisture content
has a quite significant influence on engineering, industrial quality monitoring, and
hydrological behavior [14—19] of the rice mass. Furthermore, it has a major role to
play as far as the human being growth, the determination of rice water content is of
the vital importance efforts to improve growth and water efficiency in agriculture.

In the agriculture sector, the application of adequate and timely moisture for
irrigation, depending upon the rice moisture, storage place, and essential percentage
of moisture in rice grains [20-22].

Earlier researchers have developed several techniques for measuring the rice mois-
ture such as time-domain reflectometry, frequency-domain reflectometry, tensiome-
ters, oven drying method, etc. Oven drying method is easy and cheaper method which
is very helpful to measure the moisture of rice grains. Oven drying technique is cheap,
less time-consuming, as well as accuracy [23, 24-26]. The proposed microstrip ring
sensor configuration is shown in Fig. 1.

2 Sensor Configuration and Description

The proposed microstrip ring moisture sensor is designed at different frequencies
simulating by CST Software and measuring by the vector network analyzer. The
parameters of length and width of sensors are 30 and 25 mm as well as the outer
radius and inner radius are 8 and 4 mm, and other parameters are shown in Table 1.
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Table 1 Parameters and

! ) . “ Parameters Dimensions
dimensions of microstrip ring
sensor Er 44
h 0.038
tand 0.001

2.1 Simulation Results

The proposed microstrip ring moisture sensor is designed with the help of CST
software and get the good return loss as at different frequencies as well as analyzed
all the parameters which is useful for the microstrip ring sensor such as return loss,
magnitude, phase, gain surface current, smith chart, axial ratio, etc., as shown in

Figs.2,3,4,5,6,7,8,9, 10, 11 and 12.

Fig. 2 Structure of microstrip ring sensor
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Fig. 3 Return loss of microstrip ring sensor
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Fig. 4 Magnitude of microstrip ring sensor
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]
Frequency / Gz



Rice Moisture Detection Based on Oven Drying Technique ... 103

11 Energy Balance
e S i S L
0.8 i [ ‘A ' /-\E /‘\i Eh
0.7 i i {".! .A: {‘ ll‘ r(v A'{\
s AWANEREN Y
05 LA Al 17 {
04 : L All I7 V"
e
o I v v \
31 i ; ) 5 6 7 [am] o 9
Frequency | GHz

0 1 (-1.04, 3.12) Ohm
& 8.999999 (18.3, 33) Ohm
Frequency | GHz

S1,1( 50 Ohm)

Fig. 7 Smith chart of microstrip ring sensor
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Fig. 9 Gain of microstrip ring sensor
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Fig. 11 H-field of microstrip ring sensor
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Fig. 12 Surface current of microstrip ring sensor

2.2 Experimental Results

The proposed microstrip ring moisture sensor is measured with the help of vector
network analyzer at different frequencies. The dry rice measured the moisture at 3.7,
5.8, 6.9, and 8.4 GHz with return loss —18, —17, —22, —27 dB, after measure the
moisture of wet rice at same frequencies 3.7, 5.8, 6.9, and 8.4 GHz with return loss
—17, —16, —16, —24 dB as shown in Table 2. The comparison of the measured
moisture content at different frequencies, the dry rice increased the return loss but
when measured the wet rice of moisture then return loss id decreased after calibration
of dry and wet rice then the percentage of moisture can be determined by this formula

Table 2 Summary of dry and wet rice measured the moisture content by vector network analyzer

Frequency Dry rice Wet rice
1 —0.66 -0.77
2 —1.65 -3.17
3 —11 —4.6
37 —18 —-17
4 -3.2 -3.5
5 2.7 —-3.2
5.8 -17 —16
6 -5.5 —6.03
6.9 22 —16
7 —10 -8
8.4 —27 —24
9 -7 -9.8
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Fig. 14 Measured moisture of wet rice with microstrip ring sensor

as given below. The experimental results of dry and wet rice are shown in Figs. 10
and 11.

The actual moisture content is determined using the standard oven drying tech-
nique.

Moisture content (%) = (mass of water/dry mass of sample) * 100
Mass of water = wet of mass — dry of mass

where

Mye 1S the initial mass before and after drying, and
myry is the final mass before and after drying.
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Fig. 15 a Measured dry rice
with microstrip ring sensor.
b Measured wet rice with
microstrip ring sensor. ¢
Comparison of dry rice and
wet rice measured moisture
by microstrip ring sensor
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The experimental results of dry and wet rice measured the moisture content are

shown in Figs. 13 and 14.

The comparison of moisture content of dry and wet rice with different frequencies

is shown in Fig. 12.

3 Conclusion

A fast and accurate method of measurement of moisture content of rice grains using
a microstrip ring sensor and a new microstrip ring moisture sensor is proposed using
the oven drying method at multiple frequencies, i.e., 3.7, 5.8, 6.9, 8.4 GHz, with low
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insertion loss as well as good return loss —18, —17, —22, —27 dB simulated using
the CST software and measured by the vector network analyzer (Model No. Field
fox N9925A). The proposed design is very cheap, versatile, small size, accuracy,
reliability, sensitivity, time nonconsuming, as well as determination of moisture at
dual and triple frequencies (Figs. 13, 14 and 15).

References

1. Mun, HK,, You, K.Y., Dimon, M.N.: Broken rice detection based on microwave measurement
technique using microstrip wide sensor and microstrip coupled line sensor. AJCS, 2079-2090
(2013)

2. Nelson, S.O., Kraszewski, A.-W., Samir, T., Kurt, C.L.: Using cereal grain permittivity for
sensing moisture. IEEE Trans. Meas. 49, 222-230 (2000)

3. Khamis, N.H., Ramli, H.S., Ean, T.C., Bakar, W.Z.: Application of microwave technology for
home industry. In: Asia-Pacific Conference on Applied Electromagnetic, pp. 20-21 (2005)

4. Khalid, K., Hassan, J., Abbas, Z., Hamami, M.: Microwave dielectric properties of hevea rubber
latex, oil palm fruit and timber and their application for quality assessment. In: Electromagnetic
Aquametry. Springer (2005)

5. Jain, S., Mishra, PK., Thakare, V.V.: Analysis of moisture sensor based on microstrip patch
antenna: a review. In: International Conference on Futuristic Trends in Engineering Science,
Humanities and Technology (FTESHT-16), vol. 3, no. 1 (2016)

6. Singh, D.K., Kumar, P, Rizvi, N.Z.: Microstrip transmission line sensor for rice quality detec-
tion. IJERGS 2, 589-598 (2014)

7. Jain, S., Mishra, P.K., Thakare, V.V.: Design and analysis of microstrip moisture sensor for the
determination of moisture content in soil. Ind. J. Sci. Technol. 9(43) (2016). https://doi.org/1
0.17485/ijst/2016/v9i43/101065

8. You, K.Y, Salleh, J., Abbas, Z., You, L.L.: A rectangular patch antenna technique for the
determination of moisture content soil. In: PIERS Proceedings, pp. 850-854. Cambridge, USA
(2015)

9. Jain, S., Mishra, PK., Thakare, V.V.: A Rectangular microstrip moisture sensor based on
microwave measurement technique. SKIT Res. J. 7(1) (2017)

10. Jain, S., Mishra, P.K., Thakare, V.V.: Bandwidth and gain enhancement in microstrip moisture
sensor for agricultural applications. Ind. J. Sci. Eng. Res. 1(1) (2017)

11. Jyoti, M., Kumar, M.P., Khare, P.K.: Study of characterization of pure and malachite green
samples using spectroscopic studies. AIP Conference Proceedings, vol. 1349, pp. 561-562
(2010)

12. Rachana, K., Kumar, M.P,, Jyoti, M.: Preparation, characterization and cyclic voltammetric
studies on PVDF-PMMA polymer nanocomposite blends. Adv. Sci. Lett. 21(9), 2943-2946
(2015)

13. Jain, S., Mishra, P.K., Thakare, V.V.: Design and development of microstrip sensor with triple
frequency for determination of rice grains moisture content. Int. J. Mech. Prod. Eng. Res.
Develop. IIMPERD) 7(5), 375-380 (2017)

14. Jain, S., Mishra, P.K., Thakare, V.V.: Design and analysis of dual-frequency microwave mois-
ture sensor based on rectangular microstrip antenna. In: 4th International Workshop/Conference
on Computational Condensed Matter Physics and Materials Science IWCCMP-2016) (2016)

15. Kumar, M.P,, Jyoti, M.: Investigation of the molecular mechanisms, trapping and charge storage
behavior of polymer. Quant. Matter 5(3), 335-338 (2016)

16. Abegaonkar, M.P., Karekar, R.N., Aiyer, R.C.: A microwave microstrip ring resonator as a
moisture sensor for biomaterials: application to wheat grains. Meas. Sci. Technol. 10, 195-200
(1999). https://doi.org/10.1088/0957-0233/10/3/014


https://doi.org/10.17485/ijst/2016/v9i43/101065
https://doi.org/10.1088/0957-0233/10/3/014

Rice Moisture Detection Based on Oven Drying Technique ... 109

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Ansarudin, F., Abbas, Z., Hassan, J., Yahaya, N.Z., Ismail, M.A.: A simple insulated monopole
sensor technique for determination of moisturecontent in hevea rubber latex. Meas. Sci. Rev.
12, 249-254 (2012). https://doi.org/10.2478/v10048-012-0034-5

Zainuddin, M.F., Abbas, Z., Hafizi, M.H.M., Jusoh, M. A., Razali, M.H.H.: Monopole antenna
technique for determining moisture content in the Dioscorea Hispida tubers. Aust. J. Crop Sci.
7, 1-6 (2013)

ASABE, ASAE S352.2: Moisture measurement—unground grain and seeds. In: American
Society of Agricultural and Biological Engineers, Michigan (2006)

Chang, K., Hsieh, L.-H.: Microwave Ring Circuits and Related Structures, 2nd edn. Wiley,
Hoboken, New Jersey (2004)

You, K.Y., Salleh, J., Abbas, Z., You, L.L.: Cylindrical slot antennas for monitoring the quality
of milled rice. In: Progress in Electromagnetics Research Symposium, pp. 1370-1373. Suzhou,
China (2011)

Kim, K.-B., Kim, J.-H., Lee, S.S., Noh, S.H.: Measurement of grain moisture content using
microwave attenuation at 10.5 GHz and moisture density. IEEE Trans. Instrum. Meas. 51(1),
1196-1200 (2002)

Bhattacharya, K.R.: Rice Quality: A Guide to Rice Properties and Analysis. Woodhead Pub-
lishing, New Delhi, India (2011)

Trabelsi, S., Nelson, S.0., Lewis, M.A.: Microwave nondestructive sensing of moisture content
in shelled peanuts independent of bulk density and with temperature compensation. Sens.
Instrum. Food Qual. Safety 3, 114—121 (2009). https://doi.org/10.1007/s11694-009-9071-7
Sumesh Sofin, R.G., Aiyer, R.C.: Measurement of dielectric constant using a Microwave
Microstrip Ring Resonator (MMRR) at 10 GHz irrespective of the type of overlay. Microw.
Opt. Technol. Lett. 47(2), 11-14 (2005). https://doi.org/10.1002/mop.21066

Jain, S., Mishra, P.K., Thakare, V.V.: The analysis and design of circular microstrip moisture
sensor for rice grain. In: 4th International Workshop/Conference on Computational Condensed
Matter Physics and Materials Science fWCCMP-2016) (2016)


https://doi.org/10.2478/v10048-012-0034-5
https://doi.org/10.1007/s11694-009-9071-7
https://doi.org/10.1002/mop.21066

	Rice Moisture Detection Based on Oven Drying Technique Using Microstrip Ring Sensor
	1 Introduction
	2 Sensor Configuration and Description
	2.1 Simulation Results
	2.2 Experimental Results

	3 Conclusion
	References




