
Bulletin of Electrical Engineering and Informatics 

Vol. 10, No. 5, October 2021, pp. 2636~2642 

ISSN: 2302-9285, DOI: 10.11591/eei.v10i5.2828 2636 

  

Journal homepage: http://beei.org 

Development of split ring resonator for pineapple moisture 

content detection 
 

 

Anis Afrina Mohd Amiruddin, Noorsaliza Abdullah, Ezri Mohd 
Department of Electronic Engineering, Faculty of Electrical and Electronic Engineering, Universiti Tun Hussein Onn 

Malaysia, Malaysia 

 

 

Article Info  ABSTRACT  

Article history: 

Received Jan 22, 2021  

Revised Apr 13, 2021  

Accepted Jul 14, 2021 

 

 Microwave resonant is one of the sensors used in characterizing the material 

and is also one of the most sensitive sensors for measuring dielectric 

properties. This project proposed the resonant method due to its accuracy and 

sensitivity. The split ring resonators were mounted on the fruit sample surface 

to observe the resonant frequency behavior, and to measure the fruit freshness. 

The resonator was set at 6 GHz using the FR4 lossy substrate. The findings 

show that the coupling distance and the ring radius have the greatest impact 

on preserving the resonant behavior. The fundamental of the obtained 

resonant frequencies was observed based on the different moisture content of 

the test material. The moisture level was observed at 38.2%, 54%, 69%, and 

86.7%. At 86.7%, the resonant frequency has the highest shifting by shifting 

to the left. This shows that the larger resonant frequency change occurs when 

the water content is higher. 
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1. INTRODUCTION  

The microwave sensor is a microstrip-based device designed to calculate the permittivity of constant 

dielectric materials. Dielectric is a natural insulator with infinite resistivity. The sensor is created from 

modern microwave and radiofrequency engineering, as well as based on state-of-the-art electronic device 

technology. The creation of this sensor is according to the current demands for communication and data radar 

experimentation. 

The research and development of senses such as taste, smell, and touch in the fruit technology field 

have helped drive consumers to purchase fruit products. However, the consumers cannot assess nutritional 

value, wholesomeness, and protection levels of fruits as these assessments require measurement. Pliquett [1] 

stated that the electrical measurement is one of the tools for material characterization using the electrical 

properties to determine the fruit quality. The measurement device is based on a microstrip ring resonator 

developed with a ring and ground plane. The resonant approach is based on the dielectric resonator 

frequency, and the dimensions are defined by its permittivity. The measurement of materials is performed 

between the separate ring resonator and the ground plane. Similar measurement devices are widely used in 

construction and manufacturing facilities. The implementation of these measurement devices has reduced the 

cost of modern and effective wireless, wired RF, and microwave services. Moreover, microwave technology 

is highly involved in the communication and sensing applications. In addition, the high operating frequencies 

of microwave technology permit large numbers of independent channels and for a wide variety of uses.  

https://creativecommons.org/licenses/by-sa/4.0/
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 Many studies have been carried out on measurement of dielectric properties using split ring 

resonators as a sensor for various applications [2]-[15]. A portable ring-resonator permittivity measurement 

system has been proposed [16]. It measures the complex permittivity by using ring resonator. The 

measurement used is suitable for ultra-wideband ground-penetrating radar frequency. Microwave resonators 

can be design for sensing gas for humidity and ammonia [17]. A microstrip ring resonator for the meat 

quality detection is proposed [18] due to it simple design. However, it’s difficult to obtain precise results. A 

complementary split ring resonator (CSRR) based sensor is explored for a sub millimeter crack [19]. 

Recently, resonators as biomedical sensors attract researcher attention. A capacitively fed split 

single circular ring (CSSCR) resonator with two layers has been designed [20]; a resonator layer and a 

matching layer. This technique allows more energy to be radiated into the human tissues and to obtain 

enhanced and stable resonance characteristics while illuminating the targets. The split-ring resonator (SRR) 

sensor can be used to detect glaucoma by integrating contact lens on flexible substrates [21]. 

A single feed resonator was introduced to enhance the return loss of the resonators [22]. Besides that, 

the SRR proves to be an alternative to the commonly used half-wave dipole to reduce the antenna dimension 

while maintaining a similar value of the radiation resistance. Therefore, no additional matching network is 

needed [23]. SRR produced a multiband characteristic when embedded with a single band antenna [24]. 

 

 

2. RESONATOR DESIGN AND DEVELOPMENT  

The split ring resonator was designed using a CST microwave software simulator based on the 

analysis method. The simulation was carried out with or without materials, and the resulted graph’s behavior 

was observed. The first resonant frequency was confirmed by observing the split ring resonator configuration 

changes that occur through the resonant frequency structure influences. Next, a suitable geometry for the ring 

resonator was determined, based on the specific dielectric constant, dielectric loss factor, and the tangent loss 

of the pineapple moisture point. Then, the ring resonator was simulated with the CST. Figure 1 shows the 

structure of a SRR. 

 

 

 
 

Figure 1. Design of split-ring resonator without MUT 
 

 

The arrangement of the split-ring resonator consisted of circular rings made with the complete 

electric conductor. The structure was perpendicularly excited to the split ring plane by using a time-varying 

electric field. The current flowed along with the rings and produced the solenoid. Therefore, a resonant 

magnetic dipole was created from a resonator with a split ring. The ring content is made with copper, while 

the ring resonator substratum is made with loss FR-4. The analyses were done using the CST software and 

were based on the parameters in Table 1: 
 
 

Table 1. The parameters in designing the split-ring resonator 
Parameter Dimension (mm) 

Feedline length, F 40 

Width of the feedline, 𝐹𝑙 3 

Width of the feedline of the ring, 𝐹 1.5 

Coupling gap, g 0.1 
The total length of the substrate, L 40 

The total width of the substrate, W 30 

The radius of the ring, r 6 
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The pineapple sample or material under test (MUT) is placed on the resonator. The MUT is the 

objects used to fill the gap and the dimension that are smaller as compared to the ring resonator. The different 

moisture levels of pineapple were used to observe the resonant frequency. 

Table 2 shows the value of relative permittivity and tangent loss of different pineapple moisture 

levels from previous paper [25]. The freshness of the pineapple is described by the dielectric permittivity of 

the material, as shown in (1)-(3)  

 

 

Table 2. The moisture contents, dielectric and tangent loss of pineapple 
Moisture (%) Dielectric constant (𝜀′) Dielectric loss (𝜀") Tangent loss 

86.7 60.758 12.7592 0.21 

69.0 45.890 14.2259 0.31 
54.0 33.290 12.3173 0.37 

38.2 20.018 9.2083 0.46 

 

 

The 𝜀0 in (1) is referring to free space permittivity, while the 𝜀𝑟 is referring to complex permittivity. 

Meanwhile, the real part of the complex permittivity is shown in (2), where the 𝜀𝑟
′  is referring to a dielectric 

constant that corresponds to the energy stored in a material when an electric field is applied, while the 𝜀𝑟
"  is 

referring to the imaginary part that is converted energy into heat. Tangent loss is the ratio between the 

imaginary and real parts, as shown in (3) as 𝑡𝑎𝑛𝛿. In (3) measures the ability of the material to absorb 

microwave energy and dissipate heat for the efficiency of microwave heating. 

 

𝜀 = 𝜀0 + 𝜀𝑟 (1) 

 

𝜀𝑟 = 𝜀𝑟
′ + 𝑗𝜀𝑟

" (2) 

 

𝑡𝑎𝑛𝛿 =
𝜀𝑟

"

𝜀𝑟
′  (3) 

 

 

3. RESULTS AND DISCUSSIONS  

Based on the mathematical analysis, the ring resonator was designed based on the observation of 

resonant frequent by using a CST software simulation. The design of the ring resonator was compared with 

other collected simulation data sets that have different parameter changes, in order to check the validity of the 

split-ring resonator model generated by the CST software. Furthermore, the split ring resonator was attached 

to the substrate to confirm that the model is resonating at the tuned frequency. 

After determining the proper geometry and excitations with sufficient calculation, the resonant 

frequency simulation was performed from 0 to 6 GHz, in order to investigate the influences of the changes of 

SRR structures to the resonant frequency structures. The pineapple samples were inserted between the gap, 

while the simulation was done by using the CST software to observe the resonant frequency. The geometry 

without MUT was used as a reference and control. 

Figure 2 shows the changes that occur in the resonant frequency, after the material is placed on the 

resonator sensor. The frequency shifted, as shown by the simulation using the CST software. It can be seen 

the resonant frequency with MUT shifted to the left, as compared to the resonant frequency without MUT. 

The simulation was done between 2 GHz to 6 GHz, as this is the acceptable range of the fundamental 

resonant frequency. The change in resonant frequency can be achieved if the MUT dimension is smaller than 

the ring resonator and the difference is filled in. These shifting demonstrate that the presence of material on 

the SRR induces the increase of the capacitance while causing the reduction of the resonant frequency, as the 

capacitance is inversely proportional to the resonant frequency. 

Based on Solyom, et al. [25], the pineapple was conducted to determine the effects of moisture 

levels. The samples were prepared by placing the samples in a hot-air drying oven at 80°C to obtain different 

moisture content levels. The article states that the dielectric properties were calculated by using the process 

of cavity disturbance. The results obtained are as shown in Figure 3. The resonant frequency is shifted to the 

left when the sample with higher moisture is placed on the resonator. 

 

 



Bulletin of Electr Eng & Inf  ISSN: 2302-9285  

 

Development of split ring resonator for pineapple moisture content detection (Anis Afrina Mohd Amiruddin) 

2639 

 
 

Figure 2. Comparison with and without MUT 

 

 

 
(a) 

 

 
(b) 

 

Figure 3. Comparison of; (a) reflection, (b) transmission with a different water content of pineapple 
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The results tabulated in Table 3 show the data in resonance frequency compared with the resonator 

without and with MUT for different moisture content levels. 

 

 

Table 3. Difference between the resonance frequency 
Moisture level, % Frequency, GHz Difference between resonance frequency (Without MUT – with MUT), GHz 

Original - 4.7244 

38.2 3.1802 1.5442 

54 3.0121 1.7123 
69 2.8151 1.9093 

86.7 2.6571 2.0673 

 

 

The resonant frequency sensor changed significantly with different moisture levels. The MUT for 

38.2%, 54%, 69%, and 86.7% moisture level shift to the left when the pineapple material was inserted on the 

SRR. The largest difference in the frequency shift occurs between 4.7244 GHz to 2.6571 GHz and at 86.7 

percent of moisture content, as shown in Table 3. As the behavior of the MUT electromagnetic field is 

dependent on the dielectric permittivity, the resonant frequency decreases with the increase of the pineapple 

moisture levels. The moisture content in MUT attenuates the microwave sensor. Thus, the MUT dielectric 

constant increases with increasing pineapple water contents. 

The resonant frequency is shifting when the material is placed on the resonator, possibly due to the 

interaction between the electric field with dielectric and energy [26]. The polarization between the material 

and electric field induces is demonstrated by (4): 

 

P(ω) = ε0x(ω). E(ω) (4) 

 

where; P(ω) represents polarization, E(ω) is the electric field, and x(ω) is dielectric susceptibility.  

From (4), the dielectric susceptibility is shown to be a proportionality constant that indicates the polarization 

of dielectric material in response to an electric field.  

 

x = (εr − 1) (5) 

 

where; εr represent the permittivity. The equation shows that the frequency of susceptibility leads to the 

frequency of permittivity. The relationship between frequency and permittivity is as shown in (6): 

 

𝑓0=
𝑐

√εr
 

1

Leff
 (6) 

 

It can be observed that when the moisture content increases, the dielectric material also increases, while the 

resonant frequency decreases. In (6) also shows that the dielectric material is inversely proportional to the 

resonance frequency. Thus, as the moisture level increases, the resonance frequency decreases. 

 

 

4. CONCLUSION  

Sensing food quality by measuring the dielectric constant method shows some amazing results, and 

can lead to better fruit quality consumption, as quality is the key to the food sector and market. This research 

paper aims to validate the importance of this technique in examining the fruits’ freshness levels. The 

moisture content from the pineapple was used to observe the behavior of resonant frequency. This research 

showed that the split ring resonator could work with a frequency of up to 6 GHz on the substratum. The 

analysis was performed to confirm the SSR geometry that can alter, modify and maintain the resonance 

frequency, even as the substrate's electromagnetic loss increases. The resonance activity was observed by 

changing the SRR's coupling gap, radius, and moisture levels of pineapple. The findings show that the 

increase in the coupling gap width between the ring and feedline positively impacts the resonance frequency. 

As the coupling gap width increases, the resonance frequency also increases. Another parameter observed is 

the radius of the ring. As the radius of the ring increases, the inductance also increases. Hence, from the 

formula, the inductance is inversely proportional to the resonance frequency. Thus, as the inductance 

decrease, the resonance frequency increases, as the inductance is inversely proportional to the frequency. The 

variation between the resonance frequency shift with the different pineapple moisture levels was also 

observed and compared. The results showed that the higher the moisture content, the lower the resonance 

frequency, as the dielectric material is inversely proportional to the resonance frequency. 



Bulletin of Electr Eng & Inf  ISSN: 2302-9285  

 

Development of split ring resonator for pineapple moisture content detection (Anis Afrina Mohd Amiruddin) 

2641 

ACKNOWLEDGEMENTS  

Communication of this research is made possible through monetary assistance by Universiti Tun 

Hussein Onn Malaysia and the UTHM Publisher’s Office via Publication Fund E15216 

 

 

REFERENCES  
[1] U. Pliquett, “Bioimpedance: A review for food processing,” Food Engineering Reviews, vol. 2, pp. 74-94, 2010, doi: 

10.1007/s12393-010-9019-z.  

[2] M. Asad, S. A. Neyadi, O. A. Aidaros, M. Khalil and M. Hussein, "Single port bio-sensor design using metamaterial split 

ring resonator," 2016 5th International Conference on Electronic Devices, Systems and Applications (ICEDSA), 2016, pp. 

1-4, doi: 10.1109/ICEDSA.2016.7818515.  

[3] A. Hosseinbeig, A. Pirooj, and F. B Zarrabi, "A reconfigurable subwavelength plasmonic fano nano-antenna based on 

split ring resonator," Journal of Magnetism and Magnetic Materials, vol. 423, pp. 203-207, 2017, doi: 

10.1016/j.jmmm.2016.09.076. 

[4] M. H. Zarifi, M. Rahimi, M. Daneshmand, and T. Thundat, “Microwave ring resonator-based non-contact interface sensor 

for oil sands applications,” Sensor Actuators, vol. 224, pp. 632–639,2016. 

[5] A. Singh, A. Raj, A. Gupta, A. Tiwari and P. Kumar, "Split ring resonator biosensor-an innovative design and analysis," 

2020 IEEE 8th International Conference on Photonics (ICP), 2020, pp. 117-118, doi: 10.1109/ICP46580.2020.9206451. 

[6] S. K. Patel, V. Sorathiya, T. K Nguyen, and V. Dhasarathan, "Numerical investigation of tunable metasurface of graphene 

split-ring resonator for terahertz frequency with reflection controlling property," Physica E: Low-dimensional Systems and 

Nanostructure, vol. 118, p. 113910, 2020, doi: 10.1016/j.physe.2019.113910.  

[7] A. K. Horestani, J. Naqui, D. Abbott, C. Fumeaux, and F. Martın, “Twodimensional displacement and alignment sensor 

based on reflection coefficients of open microstrip lines loaded with split ring resonators,” Electronic Letters, vol. 50, pp. 

620-622, 2014, doi: 10.1049/el.2014.0572.  

[8] H. Torun, F. Cagri Top, G. Dundar, and A. D. Yalcinkaya, “An antenna coupled split-ring resonator for biosensing,” 

Journal Applied Physics, vol. 116, pp. 124701-124701, 2014, doi: 10.1063/1.4896261.  

[9] H. J. Lee, J. H. Lee, S. Choi, I. S. Jang, J. S. Choi, and H. I. Jung, “Asymmetric split-ring resonator-based biosensor for 

detection of labelfree stress biomarkers,” Applied Physic Letters, vol. 103, pp. 053702, 2013, doi: 10.1063/1.4816440.  

[10] H. J. Lee, J. H. Lee, H. S. Moon, I. S. Jang, J. S. Choi, J. G. Yook, and H. I. Jung, “A planar split-ring resonator-based 

microwave biosensor for label-free detection of biomolecules,” Sensor Actuators, vol. 169, pp. 26-31, 2012, doi: 

10.1016/j.snb.2012.01.044.  

[11] H. J. Lee, H. S. Lee, K. H. Yoo, and J. G. Yook, “DNA sensing using split-ring resonator alone at regime,” Journal 

Applied Physics, vol. 108, p. 014908, 2010, doi: 10.1063/1.3459877.  

[12] A. F. Almutairia, M. S. Islam, M. Samsuzzaman, M. Tarikul Islam, and N. Misran, "A complementary split ring resonator 

based metamaterial with effective medium ratio for C-band microwave applications," Results in Physics, Vol. 15, p. 

102675, 2019, doi: 10.1016/j.rinp.2019.102675.  

[13] V. Portosi, A. M. Loconsole, F. Prudenzano, "A Split Ring Resonator-Based Metamaterial for Microwave Impedance 

Matching with Biological Tissue," Applied Sciences, vol. 10, no. 19, p. 6740, 2020, doi: 10.3390/app10196740.  

[14] J. Tong, F. Suo, Y. M. Landobasa, Tobing, Y. Niangjuan, Z. Dawei, H. Zhiming, and H.Z. Dao, "High Order Magnetic 

and Electric Resonant Modes of Split Ring Resonator Metasurface Arrays for Strong Enhancement of Mid-Infrared 

Photodetection," ACS Applied Materials & Interfaces 2020, vol. 12, no. 7, pp. 8835-8844, 2020, doi: 

10.1021/acsami.9b19187.  

[15] A. A. Al-Behadili, I. A. Mocanu, N. Codreanu and M. Pantazica,” Modified Split Ring Resonators Sensor for Accurate 

Complex Permittivity Measurements of Solid Dielectrics,” Sensors 2020, 20, 6855; doi:10.3390/s20236855. 

[16] G. Mazzaro, K. Sherbondy, G. Smith, and J. Hu, “Portable Ring-Resonator Permittivity Measurement System,” Technical 

Report: Army Research Laboratory, April, 2012. 

[17] A. Bogner, C. Steiner, S. Walter, J. Kita, G. Hagen, and R. Moos, “Planar microstrip ring resonators for microwave-based 

gas sensing: Design aspects and initial transducers for humidity and ammonia sensing,” Sensors, vol. 17, no. 10, p. 2422, 

2017, doi: 10.3390/s17102422.  

[18] A. Kumar, S. Sharma, and G. Singh, “Measurement of dielectric constant and loss factor of the dielectric material at 

microwave frequencies,” Progress Electromagnatic. Research, vol. 69, pp. 47-57, 2007, doi: 10.2528/PIER06111204.  

[19] Rajni, A. Kaur, A. Marwaha,” Complementary Split Ring Resonator Based Sensor for Crack Detection”, International 

Journal of Electrical and Computer Engineering (IJECE), Vol. 5, No. 5, October 2015, pp. 1012~1017, doi: 

http://doi.org/10.11591/ijece.v5i5.pp1012-1017. 

[20]  S. R. M. Shah, J. Velander, P. Mathur, M. D. Perez, N. B. Asan, D. G. Kurup, T. J. Blokhuis, and R. Augustine,” Split-

Ring Resonator Sensor Penetration Depth Assessment Using In Vivo Microwave Reflectivity and Ultrasound 

Measurements for Lower Extremity Trauma Rehabilitation”, Sensors 2018, 18, 636; doi:10.3390/s18020636. 

[21] G. Ekinci1, A. D. Yalcinkaya, G. Dundar, H. Torun, “Split-Ring Resonator-Based Strain Sensor on Flexible Substrates for 

Glaucoma Detection,” Journal of Physics: Conference Series 757 (2016) 012019, doi:10.1088/1742-6596/757/1/012019. 

[22] M. K. Ismail, Z. Zakaria, N. Hassan, S. W. Yik, and M. M. Abdullah, " Microwave Planar Sensor for Determination of the 

Permittivity of Dielectric Material," Bulletin of Electrical Engineering and Informatics, vol. 7, no. 4, pp. 640-649, 2018, 

doi: 10.11591/ijeecs.v11.i1.pp362-371.  

[23] S. Zuffanelli, G. Zamora, P. Aguilà, F. Paredes, F. Martín, Fellow and J. Bonache, “On the Radiation Properties of Split 

Ring Resonators (SRRs) at the Second Resonance”, IEEE Transactions on Microwave Theory and Techniques, vol. 63, 

no. 7, pp. 2133-2141, 2015, doi: 10.1109/TMTT.2015.2432762. 



                ISSN: 2302-9285 

Bulletin of Electr Eng & Inf, Vol. 10, No. 5, October 2021 :  2636 – 2642 

2642 

[24] S. M. Rao and P. I. Basarkod,” A multiband patch antenna with embedded square split ring resonators in non-

Homogeneous substrate”, Bulletin of Electrical Engineering and Informatics, vol. 10, no. 3, pp. 1423~1435, June 2021, 

doi: 10.11591/eei.v10i3.2556. 

[25] K. Solyom, P. R. Lopeza, P. Esquivelb, A. Luciaa, and V. Caicedoa, "Effect of temperature and moisture contents on 

dielectric properties at 2.45 GHz of fruit and vegetable processing by-products," The Royal Society of Chemistry, vol. 10, 

pp.16783-16790, 2020, doi: 10.1039/C9RA10639A.  

[26] D. Pozar, "Microwave Engineering Fourth Edition," 4th Edition, 2005. 

 

 

BIOGRAPHIES OF AUTHORS  

 

 

Anis Afrina Mohd Amiruddin received B.Eng. in Electronics from the Universiti Tun 

Hussein Onn Malaysia (UTHM), Malaysia, in 2020. In 2020, she joined Universiti Tun 

Hussein Onn Malaysia (UTHM) to further her M. Eng in Electrical. Her research of interest in 

microwave sensor technology. 

  

 

Noorsaliza Abdullah received B.Eng. and M.Eng. degrees in Electronics and 

Telecommunications from the Universiti Teknologi Malaysia (UTM), Malaysia, in 2003 and 

2005, respectively, and her Ph.D. degree from Shizuoka University, Shizuoka, Japan, in 2012. 

In 2003, she joined Universiti Tun Hussein Onn Malaysia (UTHM), Malaysia, as a Tutor and 

awarded a scholarship to further her M.Eng. and Ph.D. degrees. Her research interest includes 

an array antenna, adaptive beamforming, mobile communications and RF sensors. 

  

 

Ezri Mohd received his B.Eng. degrees in Electronics and Telecommunications from the 

Universiti Teknologi Malaysia (UTM), Malaysia, in 2003. He received his M. Eng in 

Electrical from Universiti Tun Hussein Onn Malaysia (UTHM). He worked as an Assistant 

Engineer at JK Wire Hardness from 2003-2004, then he joined Panasonic Audio Video as 

Engineer from 2004-2005. In 2005 he joined TDK Lamda as R&D Engineer for two years. In 

2007, he joined Universiti Tun Hussein Onn Malaysia (UTHM), Malaysia, as an Instructor 

Engineer. His research interest includes RF Filter and Resonator Design, IoT applications, and 

Wireless Communication Systems. 

 


