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Abstract 

Medicinal plants contain natural antioxidants that neutralise free radicals, protecting the body's cells against 

oxidative stress. This helps prevent premature ageing and certain chronic diseases. The present study aimed to 

investigate the relationship between phenolic and flavonoids content and the antioxidant activity of the aqueous 

fraction (AqE) of the aerial parts of a medicinal plant. Aqueous extract was obtinated out by scale liquid-liquid 

extraction. Total polyphenols and flavonoids content were estimated using the Folin-Ciocalteu reagent and AlCl3 

methods, respectively. Antioxidant activity was performed using the total antioxidant capacity (TAC), nitric oxide 

(NO) and hydroxyl (OH) scavenging assays. The yield of Aqueous fraction obtained was 14.9%. Total 

polyphenols and flavonoid amounts were 106.16 ± 2.72 μg EGA/mg and 6.06 ± 0.22 μg EQ/mg of extract, 

respectively. AqE exhibited potentactivity in TAC (EC50 = 47.69 ± 0.73 μg/ml), in NO radical scavenging (IC50= 

2065.13 ± 8.50 μg/ml) and in OH radical scavenging (IC50 = 3491.48 ± 6.12 μg/ml). As a conclusion, in the future 

in-depth study of Inula viscosa's bioactive compounds and their free-radical scavenging mechanisms could enable 

the development of more targeted and effective natural treatments. 
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Abstract 

Apiaceae is a family of mostly aromatic flowring plants and commonly known as the celery, consist of about 55 
genera and 130 species, is an endemic plant1 traditionally used as an infusion to treat headache, fever, diarrhea, 
and vitiligo and is also added as a spice in some recipes. This contribution concerns the biological evaluation of a 
species of the apiaceae family. After extraction of the aerial parts of the plant, tests were carried out on the different 
biological activities α-amylase and antifungal of its extracts in solvents of increasing polarity. Phytochemical 
screening is identification of different classes of phytoconstituents present in various parts of a plant. Plants are 
rich in a wide variety of secondary metabolites such as flavonoids content, phenolic content (total flavnoid 
(216.3194 ± 1.3258) and total phenol (187.895 ± 0.87)). The results suggest that extract of a plant might be 
promising for the treatment or prevention of many diseases associated with oxidative damage. Further researches 
needed to identify and isolate the active principles present in this extract which could be useful for pharmaceutical 
purposes. 
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Abstract 

Chitin is a natural biopolymer found in arthropods exoskeleton, it has a garnered significant attention due to its 
biocompatibility, biodegradability and antimicrobial properties [1, 2]. Its applications are extensive, with uses in 
cosmetics, agriculture, water treatment and nets fishing industries [2]. In this work, chitins were extracted from 
arthropods known as sources of alpha and beta chitin. Our focus was to obtain chitin under its native form as 
characterized by high acetylation, crystallinity, and resistance to degradation. An original, efficient, and eco-
friendly extraction method using autoclave process, has been thereby developed. The extracted chitin samples 
underwent characterization using various techniques, including Nuclear Magnetic Resonance, Fourier Transform 
Infrared Spectroscopy, X-ray Diffraction, Energy-Dispersive X-ray Spectroscopy, Thermogravimetric Analysis, 
and Scanning Electronic Microscopy. We obtained α-chitin from Hermetia illucens breeding waste and shrimp 
exoskeletons, and β-chitin from cuttlefish bone and squid feather. The crystallinity index ranged from 51.5% to 
57.3%, as confirmed by the honeycomb and fibrillar structure observed on SEM, with yields ranging from 20% to 
100% and DTGmax between 341°C and 396°C. These chitins will be subsequently exploited for circular economy 
applications, particularly in wastewater treatment. 

Keywords: Chitin, Arthropods, Eco-friendly process 
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Abstract 

Ethylene glycol (EG) has been widely used in many industries, varying from antifreeze liquids to coatings, due to 
its versatility. Detection of EG levels in solution is important to prevent serious health risks due to exposure to EG 
vapor, such as kidney failure, pulmonary edema, and death. This study aims to develop a localized surface plasmon 
resonance (LSPR) based sensor utilizing gold nanoparticles (AuNPs) to detect the concentration of EG in solution. 
Morevover, the LSPR properties of AuNPs were tuned by changing the Nd:YAG laser energy, from 200 mJ to 
400 mJ, during the laser ablation process. Meanwhile, the wavelength and frequency of Nd:YAG laser were set 
constant at values of 1064 nm and 4 Hz, respectively. Ultraviolet–visible (UV-Vis) analysis results showed that 
the interaction of AuNPs with EG solution at various concentrations resulted in dual changes in absorbance peak 
and LSPR wavelength shift. The absorbance peak tended to decrease, while the wavelength shifted to a larger 
direction with an increase in EG concentration. The sensitivities of of AuNPs to EG solutions were 0.010 a.u./EG% 
and 0.104 nm/G% for amplitude and spectral modalities, respectively. The developed LSPR-based sensor 
demonstrated potential to detect EG levels in solution with high accuracy and opens new opportunities in the 
development of more sensitive and effective solution sensors. 

Keywords: Gold nanoparticles, Localized surface plasmon resonance, Nd:YAG laser ablation in liquid, Ethelyne 
glycol sensor 
 
  
1. INTRODUCTION  
 
Ethylene glycol (EG) is an organic chemical compound that is commonly used in various industries. It is 
commonly utilized as a key ingredient in antifreeze liquids, textiles, plastics, and coatings due to its excellent 
chemical properties [1]. In the fields of chemistry and nanotechnology, the detection of EG levels in solutions 
plays an important role in investigating chemical interactions, catalytic reactions, and other properties of materials 
such as nanoparticles on EG-containing solutions. However, most of the current research only focused on 
developing gas-based sensors to detect EG vapor [2–4]. In this sense, high concentration of EG vapor is toxic and 
severe EG poisoning may cause major health risks and death [5]. On the other hand, research on solution-based 
sensors that utilize changes in optical properties due to EG interactions is rarely reported. In fact, detection of EG 
levels in solution is also critical to prevent the dangerous increase in its vapor concentration. Therefore, the use of 
plasmonic nanomaterials, for example gold nanoparticles (AuNPs), for EG sensing applications can be an 
alternative, AuNPs increase the detection sensitivity through the Localized Surface Plasmon Resonance (LSPR) 
phenomenon. Later, the plasmonic material will interact with EG molecules in solution, this can cause changes in 
the spectrum of absorbed light so that it can be used to detect the concentration of EG solution. 
 
Until now, AuNPs have been commonly used in various applications because they have unique properties. The 
plasmonic effect of AuNPs allows optical properties to be tailored based on their size and shape, resulting in better 
light absorption [6]. Unfortunately, in the fabrication of AuNPs, many studies have been implementing 
conventional chemical methods where hazardous chemicals cannot be avoided [7]. Hence, there is an urgent need 
to employ cleaner and more environmentally friendly approach to synthesize AuNPs. Herein, Nd:YAG laser 
ablation in liquid is introduced to fabricate AuNPs without the need for additional chemicals in the sense that they 
do not produce hazardous waste [8], [9]. Therefore, the objective of this study is to develop an EG solution sensor 
using AuNPs synthesized using Nd:YAG laser technology. UV-Vis spectroscopic analysis was conducted to 
analyze optical properties of the synthesized AuNPs as well as their interaction with different concentrations of 
EG solutions. 
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2. MATERIALS AND METHODS 
 
2.1. Materials 
 
The main materials used in this study were 1 g of pure gold plate (99.999%), ethylene glycol (EG) and deionized 
water (DIW). The materials used for the synthesis of gold nanoparticles (AuNPs) only required the pure gold plate 
and DIW. Meanwhile, EG was used for sensing purposes. 
 
2.2. Synthesis of AuNPs 
 
This study began with the synthesis of AuNPs using the Nd:YAG laser ablation in liquid method. Pure gold plate 
was initially sonicated for 10 minutes to remove contaminations, especially from dust or dirt. The sonicated gold 
was then placed in a glass beaker containing 20 mL of DIW. Next, the Nd:YAG laser was set at a wavelength of 
1064 nm with laser energy variations of 200 mJ, 250 mJ, 300 mJ, 350 mJ, and 400 mJ. Other controlled synthesis 
parameters were repetition rate of 4 Hz, laser beam diameter of 3 mm, and ablation time of 20 minutes. The 
sonication was always done prior to lasing process at each Nd:YAG laser energy. The synthesis of AuNPs using 
Nd:YAG laser is illustrated in Figure 1. 
 

 
Figure 1. Ilustration of AuNPs synthesis using Nd:YAG laser 

 
2.3. Characterization and Optimization of Synthesized AuNPs 
 
The characterization was conducted using UV-Vis spectroscopy (Analytik Jena, Specord 200 Plus). This 
characterization aimed to analyze the plasmonic properties of AuNPs at each variation of laser energy. For UV-
Vis test, the produced AuNPs colloidal solutions were diluted in DIW with volume ratio of 1:1 to prepare samples 
in such a way that its absorbance is detectable by the UV-Vis spectrometer. Next, the optimized sample was 
selected based on the highest absorption intensity, indicating the optimum plasmonic properties of AuNPs. 
 
2.4. EG Sensing Evaluation 
 
The optimized AuNPs were then mixed with EG, in which the EG concentrations in AuNPs nanocolloidal solution 
varied at 0%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, and 90%. The plasmonic behaviours of AuNPs-EG 
solutions were recorded by means of UV-Vis. The EG sensing sensitivity by AuNPs was calculated by taking the 
linear regression of absorption-EG concentration and wavelength-EG concentration graphs. 
 
3. RESULTS AND DISCUSSION 
 
3.1. Effect of Nd:YAG Laser Energy 
 
UV-Vis characterization was done to observe the plasmonic properties of AUNPs samples, where different in 
pulsed Nd:YAG laser energies, as depicted in Figure 2. The analysis results showed that the LSPR peaks occurred 
at wavelengths of 542 nm, 534 nm, 529 nm, 537 nm, and 537 nm respectively for samples with laser energies of 
200 mJ, 250 mJ, 300 mJ, 350 mJ, and 400 mJ. The corresponding absorbance peaks of the respective samples were 
0.2739, 0.3689, 0.5467, 0.3341, and 0.3067 (a.u.). 
 
As seen in Figure 2a, the synthesized AuNPs using laser energy of 300 mJ showed the best plasmonic behaviour. 
This was indicated by the LSPR peak at the lowest wavelength, i.e. 529 nm, and highest LSPR peak, i.e. 0.55. The 
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LSPR wavelength could be related with the size and optical properties of the nanoparticles. A shift to shorter 
wavelengths (blueshift) tended to indicate a smaller nanoparticle size [10]. In addition, AuNPs synthesized with 
300 mJ laser energy exhibited the highest absorbance peak (see Figure 2b). A higher absorbance peak indicated 
that the nanoparticles absorb more light, which might be affected by the concentration, size, shape, or distribution 
of particles in the sample [11]. Therefore, the synthesized AuNPs with 300 mJ laser was selected as the EG sensor. 
 

 
(a)  

(b) 
Figure 2. (a) UV-Vis spectra and (b) optimization of AuNPs produced at different Nd:YAG laser energies 

 
3.2. EG Sensing Evaluation 
 
Figure 3(a) shows the color difference of AuNPs solution with various concentrations of EG. The color of the 
solution gradually fades as the amount of EG added to the AuNPs solution increases. Based on the UV-Vis spectral 
analysis, Figure 3(b), it can be seen that the peak absorbance decreased with increasing EG concentration. In 
addition, there was also a wavelength shift that tended to be linear. The decrease in absorbance might be due to 
the decrease in nanoparticles concentration, or the higher the concentration of EG. This led to less numbers of 
AuNPs formed, which in turns decreased the absorbance of UV-Vis spectra. Meanwhile, the wavelength shift 
could be caused by the size of the nanoparticles [13]. 
 

 
(a) 

 
(b) 

Figure 3. (a) AuNPs containing EG with various concentrations and (b) their UV-Vis spectra 
 
Figure 4 shows the fitting results in this study, which clearly indicated a decrease in relative absorbance and a 
wavelength shift as the EG concentration increases. The relative absorbance change can be represented by the 
linear equation 𝑦𝑦 = −0.010𝑥𝑥 ± 0.0003 with 𝑅𝑅2 = 0.99  while the wavelength shift is represented by the equation 
𝑦𝑦 = 0.104𝑥𝑥 ± 0.0090 with 𝑅𝑅2 = 0.95. Based on UV-Vis analysis, the sensitivity of AuNPs mixed with EG, when 
viewed from the absorbance peak, was 0.010 a.u./%EG, or when viewed from the wavelength shift was 0.104 
nm/%EG. For both amplitude- and apectral-modalities, the detection range was from 0% to 90% of EG solutions. 
These results indicated that AuNPs had potential as an optical sensor that is sensitive to environmental changes, 
especially in detecting variations in EG concentraFtion or changes in refractive index in solution. 
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(a) 

 
(b) 

Figure 4. Linear fittings for sensitivity analyses based on (a) amplitude-modality and (b) spectral-modality of EG 
sensors using plasmonic AuNPs 
 
3.3. Possible EG Sensing Mechanisms Using Plasmonic AuNPs 
 
AuNPs have strong LSPR properties, in which the collective oscillation of electrons on the nanoparticle surface 
resonates with light at a specific wavelength. Based on the optimization data (Figure 2a), it can be seen that the 
LSPR on the optimized AuNPs (laser energy of 300 mJ) occured at a wavelength of 529 nm. After mixing with 
EG, the wavelength was shifted to 538 nm, see Figure 3(right). The position of the LSPR peak depends on various 
factors, such as the size, shape of the nanoparticles, and refractive index of the surrounding medium [14], [15]. 
 
The possible sensing mechanisms of the LSPR-based sensor using AuNPs to detect EG solution could be based 
on amplitude-modality, spectral-modality, or dual-modalities (see Figure 5). In AuNPs solutions containing  EG, 
incoming light triggers collective oscillations of free electrons on the AuNPs surface. This interaction is strongly 
influenced by the refractive index of the solution around the AuNPs, where more concentrated EG has a higher 
refractive index. Consequently, an increase in the concentration of EG in solution causes a change in the LSPR 
effect and results in a measurable LSPR wavelength shift. As the concentration of EG in the solution increases, 
there is a shift of the LSPR peaks or changes in absorbance peaks. In this study, dual-response, where both 
amplitude and wavelength of UV-Vis spectra were simultaneously observed. 
 

 
Figure 5. Possible mechanisms for sensing EG solution using LSPR-based of AuNPs 
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4. CONCLUSION 
 
This paper presented the potential of AuNPs for EG sensing applications. The AuNPs were produced using 
Nd:YAG pulsed laser ablation in water where the AuNPs was optimized at laser energy of 300 mJ. The optimized 
AuNPs exhibited highest LSPR peak at 529 nm. Based on the UV-Vis test results, the interaction of AuNPs with 
EG at various concentrations showed changes both in the absorbance peak and wavelength shift. The increase of 
EG concentraions in the AuNPs samples yielded to linearly decrease the absorbance peak, and at the same time, 
shifted the LSPR wavelengths to higher values. The sensitivities of the LSPR-based sensor to detect EG solution 
were 0.010 a.u./%EG (based on amplitude-modality) and 0.104 nm/%EG (based on spectral-modality). 
 
Acknowledgments 
 
We would like to acknowledge Universitas Negeri Malang for partially supporting the characterizations of this 
research. 
 
References 
 
[1]  V. Rostovtseva, I. Faykov, and A. Pulyalina, “A review of recent developments of pervaporation 

membranes for ethylene glycol purification,” Membranes, vol. 12, no. 3, art. no. 312, Mar. 2022, doi: 
10.3390/membranes12030312. 

[2]  J. S. Wei, S. Y. Ma, Y. H. Cai, C. Y. Xu, J. M. Liu, and H. T. Jiang, “A high-performance ethylene glycol 
sensor based on fibrous ErFeO3 prepared by electrostatic spinning,” Ceramics International, vol. 49, no. 
20, pp. 32611–32618, Oct. 2023, doi: 10.1016/j.ceramint.2023.07.228. 

[3]  S. Liu, G. Zhang, W. Zhang, N. Tian, Q. Sun, and Z. Wu, “High-performance ethylene glycol sensor based 
on imine covalent organic frameworks,” Nanomaterials, vol. 13, no. 24, art. no. 3103, Dec. 2023, doi: 
10.3390/nano13243103. 

[4]  J. Ding, H. Dai, H. Chen, Y. Jin, H. Fu, and B. Xiao, “Highly sensitive ethylene glycol gas sensor based on 
ZnO/rGO nanosheets,” Sensors and Actuators B: Chemical, vol. 372, art. no. 132655, Dec. 2022, doi: 
10.1016/j.snb.2022.132655. 

[5]  W. Wan, Y. Li, X. Ren, Y. Zhao, F. Gao, and H. Zhao, “2D SnO2 Nanosheets: Synthesis, characterization, 
structures, and excellent sensing performance to ethylene glycol,” Nanomaterials, vol. 8, no. 2, art. no. 112, 
Feb. 2018, doi: 10.3390/nano8020112. 

[6]  X. Hu, Y. Zhang, T. Ding, J. Liu, and H. Zhao, “Multifunctional Gold Nanoparticles: A novel nanomaterial 
for various medical applications and biological activities,” Front. Bioeng. Biotechnol., vol. 8, art. no. 990, 
Aug. 2020, doi: 10.3389/fbioe.2020.00990. 

[7]  P. B. Santhosh, J. Genova, and H. Chamati, “Green synthesis of gold nanoparticles: an eco-friendly 
approach,” Chemistry, vol. 4, no. 2, pp. 345–369, Apr. 2022, doi: 10.3390/chemistry4020026. 

[8]  I. Y. Khairani, G. Mínguez-Vega, C. Doñate-Buendía, and B. Gökce, “Green nanoparticle synthesis at 
scale: a perspective on overcoming the limits of pulsed laser ablation in liquids for high-throughput 
production,” Phys. Chem. Chem. Phys., vol. 25, no. 29, pp. 19380–19408, 2023, doi: 10.1039/D3CP01214J. 

[9]  N. Fouad, A. Mahmoud, F. Abdel Samad, Y. Abd El-Salam, M. Ashour, R. Apsari, and T. Mohamed, 
“Utilizing the 2nd harmonic Nd: YAG laser ablation in liquid for the production of copper oxide quantum 
dots: Influence of laser fluence and ablation duration,” Physica B: Condensed Matter, vol. 694, art. no. 
416453, Dec. 2024, doi: 10.1016/j.physb.2024.416453. 

[10]  R. B. P. Rivera et al., “Influence of the Gold Nanoparticle Size on the Colorimetric Detection of Histamine,” 
ACS Omega, vol. 9, no. 31, pp. 33652–33661, Aug. 2024, doi: 10.1021/acsomega.4c02023. 

[11]  S. Lavanya, G. Paramasivam, and G. Maragathavalli, “Comparison of Optical and Morphological Analysis 
of Chemically Synthesized Silver Nanoparticles using Nucleation and Growth method,” in 2022 14th 
International Conference on Mathematics, Actuarial Science, Computer Science and Statistics (MACS), 
Karachi, Pakistan, Nov. 2022, pp. 1–5. doi: 10.1109/MACS56771.2022.10023299. 

[12]  G. Liu, H. Mu, F. Zhang, Y. Zeng, X. Bao, Z. Nie, and Q. Bao, “Nonlinear optics and photonics applications 
of two-dimensional materials,” in Fundamentals and Applications of Nonlinear Nanophotonics, N. C. 
Panoiu, Eds.: Elsevier, 2024, pp. 393–440. doi: 10.1016/B978-0-323-90614-2.00007-9. 

[13]  A. R. Shafiqa, A. Abdul Aziz, and B. Mehrdel, “Nanoparticle optical properties: Size dependence of a 
single gold spherical nanoparticle,” J. Phys.: Conf. Ser., vol. 1083, art. no. 012040, Aug. 2018, doi: 
10.1088/1742-6596/1083/1/012040. 

[14]  W.-S. Chang, J. W. Ha, L. S. Slaughter, and S. Link, “Plasmonic nanorod absorbers as orientation sensors,” 
Proc. Natl. Acad. Sci. U.S.A., vol. 107, no. 7, pp. 2781–2786, Feb. 2010, doi: 10.1073/pnas.0910127107. 



Tuning the plasmonic properties of gold nanoparticles via Nd:YAG laser 
ablation in liquid for ethylene glycol sensing application 

ICMUSTED 2024 

 

411 

[15]  Y. A. Hong and J. W. Ha, “Enhanced refractive index sensitivity of localized surface plasmon resonance 
inflection points in single hollow gold nanospheres with inner cavity,” Sci Rep, vol. 12, no. 1, art. no. 6983, 
Apr. 2022, doi: 10.1038/s41598-022-11197-6. 



 

International Conference on Multidisciplinary Sciences and 
Technological Developments (ICMUSTED 2024) 

December 13-15, 2024 

 

412 

 An Interior-Point Methods for Linear Complementarity Problem Based on 
a New Hyperbolic Kernel Function 

 
Youssra Bouhenache1, Wided Chikouchee1 

 
1Mathematics, Mouhamed Seddik Ben Yahia, Jijel, Algeria  

Corresponding author: Youssra Bouhenache  (e-mail: youssrabouhenache1997@gmail.com) 
 
Abstract 

Kernel functions play an important role in the amelioration of the computational complexity of interior-point 
algorithms for solving optimization problems. In this work, we present a primal-dual interior-point method for 
linear complementarity problem based on a kernel function with a hyperbolic parametric barrier term. By using 
several new technical lemmas, we derive the currently best-known iteration bounds for  large-update methods, 

namely, ( )log log nO n n
ε

   ⋅  
  

 Finally, some numerical results are provided to show the practical behavior of 

the new proposed kernel function. 

Keywords: Linear complementarity problems, Kernel function, Interior point methods 
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Abstract 

In this study, the density functional theory (DFT) was employed to study the structural, electronic, magnetic and 
elastic characteristics of the KTaSn half-Heusler compound. This HH identified as a half-metal compound. The 
calculations using GGA-mBJ approximation showed a direct band gap energy of 1.28 eV in spin-down states. We 
found higher density of states that leads to greater thermal power in the material as well as a large number of 
electronic states, this can enhance thermoelectric properties. The total magnetic moment is of 2 µB. The Ta atom 
makes a substantial contribution to the overall magnetic moments.  The Elastic constants have indicated dynamic 
stability, anisotropic and ductile nature of the compound. The metallic character may be in the bonding of the 
compound. Our results indicate their application in spintronic devices.   

Keywords: DFT, Half-metal, Magnetic, Elastic, Spintronic 
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Abstract 

A series of phosphate glass doped with carboxymethyl cellulose (CMC) with the composition (40-x) P2O5-ZnO-
Li2O–SrO-xCH2CO2H where ( )0.0 0.5 mol%x≤ ≤  was prepared by melt–quenching technique. The 
characterization of the glass which are structural, and mechanical properties are characterized by using Fourier 
transform infrared (FTIR) spectroscopy, Raman spectroscopy, ultrasonic testing and Vickers Hardness. The FTIR 
and Raman spectra of the phosphate glass were used to evaluate the effect of CMC on its structural properties. 
Both spectra indicated that the glass structure had been slightly changed by the addition of CMC. The mechanical 
properties of ultrasonic elastic properties were measured by using ultrasonic testing. From the values obtain from 
ultrasonic wave velocities, elastic properties were calculated and tabulated. The increase in polar bonding in the 
modifiers is responsible for the rise in ionicity of the glass. The results of the study showed that CMC addition 
improved the mechanical and structural properties of the glass system, suggesting that this is a workable method 
for enhancing glass performance. 

Keywords: Phosphate glass, Carboxymethyl cellulose, FTIR, Raman spectra, Vickers hardness 
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Abstract 

We prepared a group of binary metal alloys (Sn95X5, where: X=Zn, Cd, Sb, and Ag) using rapid solidification 
method, by single-roller melt spinning technique. We studied some of the structural, thermal, electrical and 
mechanical properties of these alloys, and the results showed, that the Sn95Zn5 alloy has the smallest melting 
temperature (474.8K) and the largest value of enthalpy change (62.8 kJ/kg) compared to the rest of the studied 
alloys. As for the Sn95Cd5 alloy, the results showed that it has the smallest value of density (7.02 g/cm3) and the 
smallest value of young’s modulus of elasticity (18 GPa). The results also showed that the Sn95Ag5 alloy is 
characterized by the smallest electrical resistivity (12x10-8 Ohm.m) and the largest value of the young’s modulus 
of elasticity (51 GPa) and the coefficient of internal friction (10.6x10-2) too, compared to the rest of the mixtures 
studied 

Keywords: Alloy, Rapid solidification, Melt spinning, Physical properties 
 
 
1. INTRODUCTION  
 
Metals and metal alloys are crucial to most traditional and modern industries. Historically, they were prepared 
using traditional methods where the molten metal was allowed to cool in molds. This process evolved with the 
introduction of rapid solidification techniques, which provide different properties to the same alloy [1]. Various 
methods utilizing rapid solidification of the molten metal have been developed, one of which is the melt spinning 
technique. In this method, the molten metal is poured onto a rapidly rotating wheel made of copper or aluminium, 
where it absorbs the heat and solidifies in a very short time [2]. 
 
Studying the physical properties of rapidly solidified alloys which prepared by melt spinning technique is 
significant due to the potential applications of these alloys in various fields, including orthopedic implant materials. 
The rapid solidification process, as demonstrated in similar studies, leads to microstructural refinement and the 
formation of specific phases, which can significantly impact the mechanical properties of the alloys. Furthermore, 
the stabilization of the supercooled liquid, as discussed in [3] is a critical aspect that can be influenced by the 
cooling rates and chemical compositions of the alloys. 
 
Tin is characterized by its unique properties and exists in three phases depending on the temperature. The most 
common phase is the beta phase, where tin appears as a shiny silver metal with a relatively low melting point, 
making it widely used in industries requiring relatively low temperatures. When mixed with other elements, it 
forms alloys with specific properties for various applications. For example, the tin-lead alloy is a key material in 
soldering electronic circuits [4]. 
 
Sn-based alloys exhibit unique characteristics and properties that make them suitable for various applications, 
especially within the context of rapidly solidified alloys. Research on Mg-Sn alloys has shown that the content of 
tin significantly influences the phase composition of the alloy. For instance, an increase in tin content leads to a 
greater presence of the Mg2Sn phase due to the substantial solubility limit of Sn in Mg. This indicates that the 
behaviour and composition of Sn-based alloys can be tailored by adjusting the tin content, offering potential for 
customized properties and performance [5]. 
 
Furthermore, the addition of tin to aluminium-silicon alloys has been found to have a significant impact on their 
microstructure and functional properties. Studies on Al-Si-Cu alloys have demonstrated the potential of tin as an 
alloying element, with a focus on understanding its influence on mechanical properties and the method of 
interaction with other additives in the alloy [6]. These findings underscore the importance of considering tin as a 
key factor in the development and customization of Sn-based alloys for specific applications. 
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Another’s studies have been conducted on metal alloys based on tin examined the effect of rapid solidification on 
the structure and properties of Sn-Cd alloys, including their electrical and mechanical properties [7]. Dali et al. 
investigated the effect of creep on the Sn-Sb binary alloy [8]. Osorio et al. studied the mechanical properties of the 
Sn-Ag binary alloy [9]. While Kamal and Al-Ashram focused on the valence electron concentration of the same 
alloy [10]. The Sn-Zn binary alloy was also studied by Kamal and Al-Ashram for its valence electron concentration 
[11], and Garcia et al. examined its mechanical properties for use as a soldering alloy [12]. 
 
2. METHOD 
 
We prepared the alloys using tin, zinc, antimony, cadmium, and silver, with a purity of 99.8% for each element. 
The elements were weighed using an electronic balance, then placed in a porcelain crucible and heated until 
completely melted, then they were left in the furnace for one hour at appropriate temperature. The molten metal 
was then poured onto an aluminium wheel rotating at 1345 RPM, forming metal strips of varying lengths. We 
studied the thermal properties using differential thermal analysis (DTA), the electrical properties were measured 
using a double bridge method, and determined the mechanical properties using kinetic response techniques. 
 
3. RESULTS AND DISCUSSION 
 
We measured the density of the alloys and calculated the unit cell volume for each alloy. Figure 1 shows the 
density variations for the studied alloys.it is clear from the figure that the smallest density value was for the tin-
cadmium alloy, while the largest value was for the tin-silver alloy. Figure 2 illustrates the changes in unit cell 
volume for the studied alloys.it is appear that the smallest unit cell volume was for the tin-cadmium alloy, and the 
largest was for the tin-antimony alloy.  
 

 
Figure 1. Density of the alloys 

  

 
Figure 2. Unit cell volume of the alloys 

 
Figure 3 displays the changes in electrical resistivity for the studied alloys. We note from the figure that the smallest 
value of the resistivity was for the tin-silver alloy, while the largest value was for the tin-antimony alloy. This is 
attributed to silver’s higher electrical conductivity compared to the other elements in the alloys.  
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Figure 3. The resistivity of the alloys 

 
Figure 4 shows the changes in melting temperature, Liquidus, and solidus of the studied alloys, according to the 
figure it’s clear that the tin-zinc alloy exhibited the lowest liquidus temperature, the smallest melting range, while 
the tin-cadmium alloy has the smallest solidus temperature. This may be due to zinc atoms being smaller than 
other atoms, therefore, it is located within the tin crystal structure more effectively. Figure 5 shows the enthalpy 
difference for the alloys. We note that the tin-zinc alloy has the largest value, and the tin- silver alloys has the 
smallest value of the enthalpy difference. 
 

 
Figure 4. Solidus, liquids, and melting temperature of the alloys 

 

 
Figure 5. The enthalpy difference of the alloys 

 
In the study of mechanical properties, Figures 6 shows the internal friction of the alloys, we observed that the tin-
silver alloy had the highest values for the internal friction, while the smallest internal friction was found in the tin-
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antimony alloy. Figure 7 illustrate young’s modulus for the alloys, the smallest Young’s modulus was in the tin-
cadmium alloy, while the largest young’s modulus was for the tin-silver alloy.  
 

 
Figure 6. Internal friction of the alloys 

 

 
Figure 7. Young’s modulus of the alloys 

 
All the results of structural, thermal, electrical and mechanical properties are found in the Table 1. 
 

Table 1. Structural, thermal, electrical, and mechanical properties 
Alloy Sn₉₅Zn₅ Sn₉₅Sb₅ Sn₉₅Cd₅ Sn₉₅Ag₅ 

Solidus (K) 472.8 503.9 449 494 
Liquidus (K) 476.5 511.8 499 498 

Melting Point (K) 474.8 507.3 480 497 
Resistivity x 10⁻⁸ Ohm.m 28.217 35.492 21 12 

Enthalpy Difference (KJ/Kg) 62.8 53.4 39 28 
Unit Cell Volume (A³) 107.946 108.409 102.4 107.2 

Density (gr/Cm³) 7.128 7.27 7.02 7.5 
Internal Friction x 10⁻² 6.381 6.334 6.6 10.6 
Young Modulus (GPa) 20.472 23.219 18 51 

 
4. CONCLUSION 
 
In conclusion, the study on the physical properties of Sn5%X Alloys rapidly solidified by melt spinning technique 
has provided valuable insights into the behavior of these alloys. The results showed, that the Sn95Zn5 alloy has 
the smallest melting temperature (474.8K) and the largest value of enthalpy change (62.8 kJ/kg) compared to the 
rest of the studied alloys. As for the Sn95Cd5 alloy, the results showed that it has the smallest value of density 
(7.02 g/cm3) and the smallest value of young’s modulus of elasticity (18 GPa). The results also showed that the 
Sn95Ag5 alloy is characterized by the smallest electrical resistivity (12x10-8 Ohm.m) and the largest value of the 
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young’s modulus of elasticity (51 GPa) and the coefficient of internal friction (10.6x10-2) too, compared to the 

rest of the mixtures studied. 

 

The findings underscore the significance of the melt spinning technique in producing rapidly solidified alloys with 

unique properties, and the research contributes to the field by shedding light on the physical properties of the 

alloys. Moreover, the suitable applications of these alloys, particularly in the context of their use in various 

industrial applications. Furthermore, the study’s results will aid in advancing the design and development of Sn-

based metallic alloys, thereby opening new avenues for further exploration and innovation in this domain.  
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Abstract 

We study the Cauchy problem of the Ostrovsky equation 3 1 0,t x x xu u u u uβ γ −∂ − ∂ − ∂ + ∂ =  with 0.βγ <  By 
establishing a bilinear estimate on the anisotropic Bourgain space 1 2, ,

, , ,s w bX δ δ σ  we prove that the Cauchy problem of 

this equation is locally well-posed in the anisotropic Gevrey space ( )1 2, ,
,s wG Rδ δ σ  for any 5 8s > −  and some 

( )0,1 2 .ω∈   

Keywords: Ostrovsky equation, Cauchy problem, Well-posedness, Bilinear estimate, Anisotropic Gevrey space 
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Abstract 

The main purpose of this work is to establish the existence of nontrivial solutions to a new class of fractional 
Kirchhoff-Schrodinger-Poisson systems involving the combined effects of nonlinearities. To achieve this result, 
we utilize variational methods based on the critical point mountain pass theorem under the Cerami condition. 

Keywords: Kirchhoff-type systems, mountain pass theorem, Cerami condition, Variational methods 
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Abstract 

In this paper, we propose a numerical method based on Legendre polynomials and block-pulse functions 
operational matrix algorithm to find numerical solutions for stochastic equation. First, we defined block-pulse 
functions and hybrid functions of Legendre polynomials that we gave the relation between Legendre 
polynomails and block pulse functions (Operational matrix). Then this operator, the ordinary operational matrix, 
is used to transform the solution of stochastic equations into the solution of algebraic equations of a system 

Keywords: Stochastic equations, Fractional Brownian motion, Operational matrix method, Legendre 
polynomails 
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Abstract 

Approximate eigensolutions of Schrodinger equation are found, for the radial generalized Cornell plus inverse 

trigonometric scarf-type potential, in the framework of quasi-exactly solvable problems. It is shown that by using 

an appropriate approximation scheme, the radial equation can be put in the biconfluent Heun’s equation form, 

where the approximate eigensolutions and the corresponding energy eigenvalues are obtained in closed form. 

Keywords: Schrodinger equation, Approximate eigensolutions, The radial generalized Cornell potential, Inverse 

trigonometric scarf-type potential, Biconfluent Heun’s equation 
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Abstract 

This work focuses on the efficient computation of p-variation. For p 1> , this semi-norm is associated with 

fractional regularity 1s 1
p

= <  and the fractional BV space BVs. It is well-known in probability theory and has 

recently gained significance in the context of hyperbolic partial differential equations. The primary motivation of 
this paper is to calculate p-variation efficiently for numerical schemes of hyperbolic conservation laws. The p-
variation is a nonlocal semi-norm. Initially, based on its definition, the cost of computing the p -variation for a 
piecewise constant function with N data points appears to be exponential with respect to N. However, we 
introduce new algorithms featuring polynomial costs, building on the recent one provided by Vygantas Butkus 
and Rimas Norvaiša. Then we apply one of these algorithms using the Lax-Friedrichs scheme with hyperbolic 
conservation laws, where we observe the variation of p-variation. 

Keywords: p-variation, Fractional BV spaces, Conservation laws, Lax-Friedrichs scheme 
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Abstract 

One of the fundamental structures of applied mathematics is the difference equations used to understand the 
behavior of models defined in discrete time periods, to reveal their properties and to analyze them. Difference 
equations are also used to build real-life mathematical models. Difference equations help to understand many areas 
from biology to medicine, from economics to physics. In other words, they are a part of discrete mathematics that 
describes changes in small time periods. Difference equations are known as the first theory to emerge with the 
systematical development of mathematics. Having emerged as the discrete analogues of differential equations, 
difference equations are a field of mathematics with a rich application area. Difference equations found in 
economy, biology, signal processing, computer engineering, genetics, medicine, ecology and digital control some 
of its application fields. 

In this study, we provide a comprehensive review of global asymptotic stability in second-order rational difference 
equations. We will explore theoretical foundations, computational methods, and practical applications across 
diverse fields. By synthesizing insights from existing literature and recent advancements, we aim to offer a 
thorough overview of state-of-the-art techniques and approaches in this area. The aim of this study is to equip 
researchers and practitioners with a comprehensive understanding of the tools available for analyzing the stability 
of second-order rational difference equations, as well as to encourage further exploration and development of new 
methods. This review serves as both a reference and a guide for those interested in the mathematical modeling and 
analysis of dynamic systems exhibiting complex stability behavior. In this context, the following rational 

difference equation is investigated: 1
1

1

n n
n

n n

x x a
x

x x
−

+
−

+
=

+
 and 0,1,2,...n = . Here [ )0,a∈ ∞  and initial values 

( )1 0, 0,x x− ∈ ∞ , and the asymptotic stability of the solutions to this equation is also investigated. 

Keywords: Global asymptotic stability, Semi-cycle, Equilibrium point, Solution, Difference equations 
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Abstract 

Friction stir welding is a solid-state joining process which was first used for welding of aluminum and its alloys 
and is now employed for welding of other materials such as polymers and composites. The welding parameters 
play a major role in the determination of the weld quality. In this study, the aim was to examine the weldability 
of a high density polyethylene (HDPE) using the technique of friction stir welding FSW and effect of process 
parameters on mechanical properties of welded plates. A choice parametric was carried out to optimize the 
operating parameters such as rotational speed, advance speed and the tool geometry. Monotonic tensile tests 
were used to evaluate the quality of the joint and compare the mechanical properties between HDPE specimen 
and a test specimen of a welded by FSW. It appears from this study that the FSW introduces a fragility of joints 
characterized by a significant decrease in fracture strain. The weldablity is significantly affected by the rotation 
speed and the advance speed of the tool. 

Keywords: Welding, FSW, Behavior low, Tensile tests, Polymer 
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Abstract 

This study investigates the impact of seismic record selection strategies on the time-history response of reinforced 
concrete (RC) structures. Five real earthquake records were selected from the NGA-West2 strong ground motion 
database provided by the Pacific Earthquake Engineering Research Center (PEER). The analysed structure is a 
five-story reinforced concrete building founded on S3-class soil (soft soil with 200 m/s < Vs30 ≤ 400 m/s) 
according to the Algerian Earthquake Regulation. The selected records have moment magnitudes (Mw) ranging 
between 5.5 and 7.5. The SeismSelect and SeismMatch software tools were employed for seismic record selection 
and scaling. Adjusted accelerograms obtained through these techniques were used for dynamic time-history 
analyses. Two matching techniques were applied: the PGA-based scaling method and the spectrum-matching 
method. Results, in terms of displacements and internal forces, were compared to those obtained using the modal 
spectral method. The PGA-based method produced maximum displacements and internal forces that exceeded the 
spectral method’s results by 20%. Conversely, the spectrum-matching method showed maximum values that were 
19% lower than the spectral method’s results. 

Keywords: Record selection, Scaling, Target spectrum, Time-history response, Reinforced concrete structure 
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Abstract 

The increasing global demand for renewable energy and the challenges posed by traditional photovoltaic systems 
have driven the development of floating photovoltaic (FPV) technologies. This paper presents a comprehensive 
review of FPV systems, examining their efficiency, environmental impacts, and technological advancements. FPV 
systems offer significant advantages over on-ground photovoltaic (OPV) systems, including enhanced efficiency 
through water cooling, reduced land use, and mitigation of water evaporation. The integration of hybrid FPV 
(HFPV) systems with other renewable energy sources, such as hydropower and wind, further enhances their 
potential by addressing the intermittent nature of solar energy and optimizing resource utilization. Key findings 
highlight the comparative performance of FPV and OPV systems, the environmental considerations unique to 
water-based installations, and the technical innovations in system components like floating platforms and 
anchoring systems. Despite higher initial costs, FPV systems demonstrate long-term financial and environmental 
benefits, making them a viable solution for sustainable energy generation. This study underscores the necessity of 
continued research to overcome challenges such as durability in harsh environments and potential ecological 
impacts.  

Keywords: Floating photovoltaic system, Renewable energy technologies, System control and optimization, 
Embedded system 
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Abstract 

Breast cancer detection using microwaves is a promising method that can complement traditional screening 
techniques. By offering a non-invasive approach that is potentially more comfortable and less expensive, it has the 
potential to improve early detection rates and increase the chances of successful treatment. However, further 
research and development are required to overcome technical challenges and validate the clinical effectiveness of 
this technology. This article aims to design and implement a hexagonal slotted patch antenna with dimensions of 
37.6 × 38 × 1.5 mm3 for breast tumor detection, utilizing electromagnetic wave radiation to differentiate between 
healthy and cancerous tissues. The proposed antenna is optimized to operate in the microwave range at a frequency 
of 2.45 GHz, within the ISM band for medical applications. This non-invasive and potentially low-cost technique 
enables early tumor detection through microwave imaging or analysis of the reflected signal. The main challenges 
include achieving precise calibration and sufficient resolution to identify small tumors. This technology holds 
promise for enhancing breast cancer screening as a complement to traditional methods. The results obtained with 
the proposed antenna, including the reflection coefficient, H-field, E-field, and surface current, demonstrate that it 
is well-suited for such medical applications. 

Keywords: Hexagonal patch antenna, Breast cancer, Screening, Radiation, Microwave imaging 
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Abstract 

Reconfigurable antennas are essential and indispensable components in modern wireless communication 
systems. Thanks to their operational degrees of freedom, such as frequency agility, steerable radiation patterns, 
and polarization diversity, they offer enhanced performance. Intelligent micro-strip antenna arrays are also 
widely used in telecommunication systems, as they enable numerous functionalities that cannot be achieved with 
a single element. In this work, we propose to simulate a frequency-agile two-element pentagonal patch antenna 
array using eight PIN diodes and five modes of operation, with the CST simulation software. Integrating these 
eight PIN diodes into the patch results in the following frequencies: 2.21 and 5.35 GHz in M1 mode; 2.22, 4.01, 
4.94, and 5.335 GHz in M2 mode; 2.13 and 5.31 GHz in M3 mode; 3.555 and 5.255 GHz in M4 mode; and 
3.285 and 5.28 GHz in M5 mode. This design is suitable for various applications, such as S-band, radar, Wi-Fi 5, 
Wi-Fi 6, C-band, 3G-UMTS, 5G, and WiMAX. The simulation results are very satisfactory in terms of S11 
parameters, gain, and bandwidth for all applications. 
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Abstract 

The aim of this study is to examine by means of three-dimensional numerical simulations the thermal-fluid 

features in elliptical pin fin heat sink. The passive heat transfer enhancement technique is used to comprehend 

and control the cooling process. This passive methodology is based on pin fins arrangement, hydrodynamic and 

geometrical parameters. The present numerical results are confronted with experimental measurements in open 

literature which used one-dimensional model to explore the thermal field. A good agreement was found 

especially around the optimal fins dimensions. A parametric study has been carried out to deeply analyse the 

three-dimensional thermal-fluid fields of the heat sink for various key parameters range such the Reynolds 

number (Re = 50–250) and the aspect ratio (γ = H/d = 5.1–9.18). Some new observations and results are obtained 

thanks to numerical simulations as tool of investigation. It is shown that the fins circumferential temperature is 

almost uniform. Furthermore, a better cooling is obtained when the Reynolds number increases mainly when the 

inlet velocity u0> 0.3m/s. The most suitable value of the aspect ratio is attained for γ = 8.16, which ensure an 

optimal cooling process of the pins. A new global Nusselt number correlation was developed for engineering 

applications. 

Keywords: Mixed convection, Heat sink, Elliptical pin fins, Cooling device, CFD 

 

 

1. INTRODUCTION  
 

With the rapid advancement of electronic technology, devices have become significantly smaller while their 

performance has markedly improved. However, this trend has inevitably led to an increased heat generation per 

unit volume. In this context, the primary challenge for manufacturers is to ensure efficient cooling. Excess heat, 

if not adequately dissipated, can shorten a device’s lifespan and compromise its functionality. Air heat sinks 

remain the preferred solution in the electronics industry, primarily due to their affordability and reliability. The 

objective is to identify an optimal configuration that delivers higher thermal efficiency while maintaining the 

system's temperature within the manufacturer’s specified limits. To design an effective heat sink with superior 

thermal performance, both numerical and experimental studies are essential to evaluate heat transfer 

characteristics under various conditions and with different pin-fin array arrangements. This area of research has 

garnered interest not only from academic laboratories but also from industrial entities. A review of the open 

literature has identified the following scientific contributions. Chapman et al. [1] investigated forced convection 

heat sinks in great detail experimentally, analysing various pin fin geometries, including square, circular, and 

elliptical shapes. Their findings demonstrated that elliptical pin fins exhibited superior thermal performance 

compared to rectangular pin fins, highlighting their efficiency in heat dissipation under forced convection 

conditions. Kobus and Oshio [2, 3] conducted a comprehensive study on pin-fin heat sinks using both theoretical 

and experimental approaches. Their research identified an optimal fin spacing by analysing the influence of 

various fin parameters. Additionally, their detailed theoretical model demonstrated strong agreement with 

experimental results. Similarly, Sahiti et al. [4, 5] performed numerical simulations to assess the impact of pin 

fin shapes on thermal performance and pressure drop. Among six evaluated shapes, the elliptical profile emerged 

as the most effective, offering the best balance between thermal efficiency and reduced pressure drop. 

 

Seyf and Layeghi [6] examined forced convective heat transfer in heat sinks featuring an elliptical pin-fin cross-

section. Their findings revealed that integrating metallic foam into the heat sink significantly enhances thermal 

efficiency, albeit with a moderate increase in pressure drop. Deshmukh and Warkhedkar [7] conducted an 

extensive literature review on the thermal efficiency of heat sinks with various pin-fin shapes, addressing all 

three modes of heat transfer: natural, forced, and mixed convection. Chen and Jan [8] utilised a 3D numerical 

approach in COMSOL to investigate forced convection in cylindrical and plate-fin heat sinks. Their study 

concluded that cylindrical fins outperform plate fins in terms of heat dissipation. Deshmukh and Warkhedkar [9] 
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conducted experimental research on mixed convection around elliptical pin fins. They developed a theoretical 
model to evaluate the influence of various parameters, including the heat sink’s void fraction, aspect ratio, and 
longitudinal and transverse fin pitch, on its thermal performance. Matsumoto et al. [10] combined numerical and 
experimental methods to investigate natural convection in five types of pin-fin heat sinks. Their study examined 
the effects of fin count and geometric parameters on thermal efficiency. Liu et al. [11] performed a comparative 
analysis of the hydrodynamic and heat transfer performance of heat sinks featuring staggered arrangements of 
elliptical, circular, and diamond-shaped fins within a rectangular channel. Yadav and Pandey [12] performed a 
numerical study of convective heat transfer in heat sinks with various fin shapes, including cylindrical, elliptical, 
sprocket, kite, channeled, and triangular, using the COMSOL Multiphysics software. Their findings showed that 
heat transfer from pin fins increases with higher inlet velocity. Notably, the kite and elliptical fin shapes 
demonstrated a significant impact on the Nusselt number and heat transfer coefficient, indicating superior 
thermal performance compared to other shapes. The characteristics of heat transfer and flow field of a water-
cooled pin-fin heat sink were numerically studied by Rezaee et al. [13]. They investigated the effects of pin 
length and longitudinal pitch on both heat transfer performance and pressure drop, providing insights into how 
these parameters influence the overall efficiency of the heat sink. 
 
The present work focuses on the numerical study of mixed convection in a heat sink with elliptical pin fins. 
Using high-resolution 3D numerical simulations, the complete geometry of the heat sink is analyzed to achieve 
greater precision and better reflect real-world configurations. Both qualitative and quantitative analyses are 
conducted to explore the thermal and dynamic fields. The qualitative analysis is based on 3D flow visualizations 
to observe vortex interactions and how the flow behavior changes with varying fin geometrical dimensions, 
while the quantitative analysis highlights key thermal parameters. The primary objective is to understand the 
flow topology and improve the passive cooling process, minimizing pressure drop through optimal fin geometry 
and hydrodynamic inlet conditions (flow rate, Reynolds number, etc.). Additionally, the study aims to develop a 
new numerical database that complements the experimental work of Deshmukh and Warkhedkar [9], providing 
more detailed and precise results that are difficult to obtain experimentally. Specifically, the effects of fin aspect 
ratio and inlet velocity on thermal resistance, Nusselt number, and fin efficiency are thoroughly investigated. 
 
2. MATHEMATICAL MODELLING  
 
2.1 Physical Models  
 
Figures 1 and 2 illustrated the heat sink which is investigated in this paper. In order to confront numerical results 
against experimental measurements available in the open literature especially the work of Deshmukh and 
Warkhedkar [9], the target configuration is described as follows. The heat sink consists of 14x7 fins having an 
elliptic cross-section with inline arrangement and for semi-minor axis a=8mm and semi-major axis b=12mm. 
 

 
Figure 1. Designed geometry of pin-fin heat sink 

 
The pins-fins sections are attached to a solid volume of parallelepiped form with dimensions (W x L x 
wb=164mm x 164mm x 12mm). SL=22.5mm and ST=11.25mm are respectively the longitudinal and transversal 
pitches between the fins. The heat sink is made on the basis of Aluminium alloy (K=202.4 W/m.K), it is attached 
to an electronic component of Sillicium (K=130 W/m.K), which produces a heat flux Q=400W. The coolant 
fluid flows along the y-axis according to the inlet condition.  
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Figure 2. Isometric view of studied heat sink 

 
2.2 Governing Equations and Boundary Conditions  
 
The below equations, let to elaborate a three-dimensional numerical model to study steady air incompressible 
flow with mixed convective heat transfer by means of numerical simulations. All the fluid thermophysical 
properties are considered constant in the range of the temperature variation. However, the density varies 
according to the Boussinesq approximation. Following the considerations above, the governing equations of 
mass, momentum and energy conservation are written in vector form as follows: 
 
Continuity equation: 
 
 u 0∇⋅ =



 (1) 
       
Momentum equation: 
 

 ( )0
0

1u u p v u g β T T
ρ

⋅∇ = − ∇ + ⋅∇ + ⋅ ⋅ −
    

 (2) 

 
Energy equation for fluid: 
 

 f

0 p

Ku T ΔT
ρ C

⋅∇ =
⋅

 

 (3) 

 
Energy equation for solid: 
  
 s sK ΔT ρ 0⋅ + =  (4) 
 
where, u



 is the vector field of flow velocity, the velocity of x, y and z-coordinate are represented as u, v and w, 
correspondingly; the density of heat transfer fluid is defined as ρ; ν is the kinematic viscosity; p is the pressure 
value of heat transfer fluid; Cp is defined as the specific heat capacity in the constant pressure; β is the thermal 
expansion coefficient; Kf and Ks are the heat conductivity of heat transfer fluid and solid. 
 
2.3. Boundary Conditions 
 
The boundary conditions at inlet, outlet, and symmetry as well as inside of computational domain are given 
below: 
 
Inlet flow condition (velocity-inlet): 
 
 0 0u w 0,  v u ,  T T 293.16K= = = = =  (5) 
Outlet condition (pressure outlet): 
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 u v w T 0,  P 0
x x x x
∂ ∂ ∂ ∂

= = = = =
∂ ∂ ∂ ∂

 (6) 

 
At planes x = 0 and x = W, we chose a symmetry conditions:  
 

 u v w P T 0
x x x x x
∂ ∂ ∂ ∂ ∂

= = = = =
∂ ∂ ∂ ∂ ∂

 (7) 

 
A heat source sq  is generated inside of the electronic component. 
 

 s
Qq
V

=  (8) 

 

Q = 400 W, V = 164 mm × 164 mm × 10 mm = 268960 mm3 and 3
s 9

400q 1487210 W m
268960 10−= = ⋅

×


 

 
• The top surface of pin fin (z = H) is well insulated. 
• The contour of the base of the heat sinks and the electronics component are supposed to be adiabatic 
• The heat flux between the interface of the fluid and the solid walls is coupled and its continuity between the 

interface of the solid and the liquid is given as: 
 

 s f
wall wall

T TK K
n n
∂ ∂

=
∂ ∂

 (9) 

 
2.4. Numerical Procedure  
 
In this 3D parametric study, numerical experiments are conducted to evaluate the thermal performance of the 
heat sink under varying aspect ratios of the pin fins and different inlet hydrodynamic conditions. The geometries 
and meshes are designed using Gambit software, which serves as a pre-processor for the FLUENT commercial 
code. The finite volume method is applied to discretize the governing equations (1-4) and the boundary 
conditions by integrating over finite control volumes. The QUICK (Quadratic Upstream Interpolation for 
Convective Kinetics) scheme is employed for discretizing the convection and diffusion terms. The resulting 
algebraic equations are solved using the SIMPLE (Semi-Implicit Method for Pressure-Linked Equations) 
algorithm. Convergence is achieved when the normalized residuals for the continuity and momentum equations 
are less than 10−3, while the residual for the energy equation is set to 10−6. 
 
3. RESULTS AND DISCUSSIONS 
 
3.1. Temperatures Fields of the Heat Sink  
 
Figure 3 presents the temperature contour in the pin-fin heat sink for an aspect ratio γ = 8.16. It is observed that, 
for all inlet velocities (u₀ = 0.1 m/s, 0.2 m/s, 0.4 m/s, and 0.5 m/s), the temperature distribution along the 
circumference of the fins remains nearly uniform. The temperature difference between consecutive pin-fin lines 
progressively decreases in the flow direction, from the bottom of the heat sink up to the seventh row of fins. This 
behavior is attributed to the gradual increase in vertical velocity, which helps maintain efficient cooling 
throughout the system. 
 
The thermal performance of the heat sink is evaluated based on the temperature difference ΔT between the inlet 
and exit of the heat sink. Figure 4 illustrates the variation of ΔT with inlet velocity u0 and fin aspect ratio γ.  It is 
evident that ΔT decreases as both u0 and γ increase. 
 
The convective heat transfer rate is directly influenced by the aspect ratio γ, which corresponds to the height of 
the fins. Using taller fins (higher aspect ratio) provides a larger surface area for heat exchange, thereby 
increasing the heat transfer rate. Additionally, as the inlet surface area increases, the air mass flow also increases, 
as shown in Figure 5. As a result, the outlet air temperature decreases progressively for higher inlet velocities, 
particularly when u0 > 0.3 m/s. 
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(a) u0 = 0.1 m/s 

 
(b) u0 = 0.2 m/s 

 
(c) u0 = 0.4 m/s 

 
(d) u0 = 0.5 m/s 

Figure 3. Contours of static temperature in the solid heat sink for γ = 8.16 
 

 
Figure 4. Temperature difference variation versus inlet velocity and aspect ratio γ 

 

 
Figure 5. Air mass flow variation with inlet velocity and aspect ratio γ 
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3.2. Vector Velocity and Path Lines  
 
Figure 6 display the velocity vector plots for γ = 8.16 at the mid-plane (z = 0.04) for various inlet velocity 
values. The velocity profile at the entry of the heat sink remains uniform. However, as fluid particles approach 
the pins and flow over them, the direction of the velocity vector changes. It is also noticeable that the velocity 
increases in the longitudinal direction between the pins, which is attributed to the reduction in the cross-sectional 
area of the fluid passage. In this region, the friction coefficient remains significant. The acceleration of the fluid 
enhances the heat transfer by convection. Additionally, the velocity profile is distorted as the fluid nears the 
heated fins, leading to three-dimensional thermal-fluid fields. 
 

 
(a) u0 = 0.1 m/s 

 
(b) u0 = 0.2 m/s 

 
(c) u0 = 0.4 m/s 

 
(d) u0 = 0.5 m/s 

Figure 6. Velocity vectors in the plane z = 0.04 for γ = 8.16 
 

3.3. Thermal Resistance  
 
For a more comprehensive evaluation of the thermal performance of the fins, Figure 7 presents the thermal 
resistance for different pin heights and inlet velocities. It is observed that the thermal resistance decreases as both 
the inlet velocity u0 and the fin aspect ratio γ increase. This indicates that higher velocities and taller fins 
improve the heat dissipation efficiency of the heat sink, leading to a reduction in thermal resistance. 
 

 
Figure 7. Thermal resistance variation versus the inlet velocity 



Elliptical pin fin heat sink: Passive cooling control ICMUSTED 2024 
 

437 

3.4. Nusselt Number  
 
Figure 8 illustrates the variation of the Nusselt number with inlet velocity for all pin-fin arrangements. It is 
evident that the mean Nusselt number increases as the air flow rate increases, reinforcing the conductive-
convective heat transfer process between the fins and the fluid flow within the heat sink. 
 

 
Figure 8. Mean Nusselt number variation versus the inlet velocity 

 
Figure 9 further shows that as the fin height increases, the Nusselt number also increases for all aspect ratios (γ = 
5.1 to 8.16).  However, detrimental effects are observed for γ > 8.16. This can be attributed to the temperature 
gradients near the tips of the pin fins. Specifically, for γ > 8.16, the thermal resistance causes a significant 
temperature drop near the fin tips, leading to a reduction in thermal performance. Therefore, the optimal fin 
aspect ratio appears to be around γ = 8.16. 
 

 
Figure 9. Mean Nusselt number variation versus the aspect ratio 

 
This optimum is exactly the same for both the two approaches; the present numerical simulation and the 
experimental investigation [9], although their experimental model involves numerous simplifications. However, 
our approach is more precise as all the governed equations are solved in three dimensional numerical 
computations. 
 
Obviously the heat flux inside the fins is not unique and dispersed for all the system. The new observations 
presented above are due to 3D numerical simulations as tool of investigation. The Nusselt number could be 
correlated as a polynomial function such as equation: 
 
 2

d 1 1 d 1 dNu a b R e c R e= + ⋅ − ⋅  (10) 
 
Coefficients Data: a1 = 0.36987, b1 = 0.07494, and c1 = 1.21936. 10-4 

 

Where, 50 ≤ Red ≤ 250. 
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4. CONCLUSION  
 

In this study, the cooling process of a heated electronic component is investigated using 3D numerical 

simulations. A parametric analysis was conducted to examine the effects of various hydrodynamic parameters 

(inlet velocity and Reynolds numbers) and the geometrical dimensions of the pin fins. The finite volume method, 

along with the SIMPLE algorithm, was employed to solve the thermal-fluid equations. The numerical results 

were compared with experimental measurements of pin-fin heat sinks, showing a good agreement. Simulations 

were performed over a wide range of independent parameters, specifically Reynolds numbers Re=50−250 and 

fin aspect ratios γ = 5.1−9.18. Based on this 3D study, both the dynamical and thermal fields were analysed 

qualitatively and quantitatively through numerical visualizations and profiles of significant physical quantities. 

The results show that the circumferential temperature of the fins remains almost uniform. Moreover, enhanced 

cooling performance is observed with increasing inlet velocity. 

 

An optimal fin aspect ratio of γ = 8.16 was determined, which provides the best heat dissipation while 

maintaining a satisfactory pressure drop. Additionally, a new correlation describing the evolution of the Nusselt 

number with Reynolds number in this thermal system was developed. The numerical experiments presented here 

reveal more detailed insights, particularly regarding the topology of the thermal-fluid fields, compared to 

laboratory experiments. These findings contribute to a better understanding of the cooling mechanisms, 

potentially leading to improved control over heat dissipation and, consequently, longer device lifespan. 
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Abstract  

Early and accurate fault detection in electrical drives is essential for reducing downtime and minimizing 
maintenance costs in industrial systems. Traditionally, higher-order spectral analysis, a technique used to analyze 
spectral features, has been widely applied for mechanical fault detection in motors based on vibrational signals. 
However, this paper proposes an innovative approach that applies higher-order spectral analysis to electrical 
signals, specifically the stator current, for the detection of mechanical faults such as broken rotor bars in electrical 
drives. By leveraging the electrical signal, this method offers several advantages, including simplified sensor 
configurations, lower costs, and the ability to detect faults with greater sensitivity and accuracy. The experimental 
results validate the effectiveness of using the electrical signature for fault diagnosis, demonstrating its potential 
for predictive maintenance and enhanced reliability of electrical drive systems. This research emphasizes the 
practical advantages of electrical signal-based fault detection, offering a valuable tool for motor diagnostics across 
a wide range of industrial applications. 

Keywords: Higher-order spectral techniques, Fault diagnosis, Electrical Drives, Signal processing, Broken rotor 
bars 
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Abstract 

Nickel oxide (NiO) thin films are widely studied for their electrochemical stability, affordability, and potential 
applications in electrochromic devices. This research investigates the optical properties of nanocrystalline NiO 
thin films on glass substrate, produced using the spin-coating method. The films were prepared through a sol-gel 
process and annealed at 300 °C to achieve the desired structure. Optical characterization was carried out through 
absorbance and transmittance measurements in the 300–800 nm wavelength range, supported by Raman and FTIR 
spectroscopy. The results indicate that film thickness significantly influences the optical behavior of NiO thin 
films. Thicker films exhibited higher absorbance and lower transmittance, with visible light transmittance 
decreasing from 65% to 45% as thickness increased. The optical band gap values ranged from 3.78 eV to 3.62 eV, 
decreasing with increased thickness. Spectroscopic analyses confirmed a nanocrystalline structure with Ni-O 
bonds and residual moisture, while Raman data identified antiferromagnetic behavior and carbon presence in 
thicker films. These findings enhance the understanding of NiO thin films for optoelectronic applications. 

Keywords: NiO thin films, Nanocrystalline structure, Spin-coating, Optical properties 
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Abstract 

This study focuses on the development and evaluation of predictive models for fly rock distance resulting from 

blasting operations in limestone quarries. Data was collected from 61 blasts at three limestone quarries in M’sila, 

Algeria, 10 controllable parameters are used as the input variables, and the measured fly rock distance is the 

output variable. The dataset was divided into training (49 datasets, 80% of the total) and testing (12 datasets, 

20% of the total) groups. The training portion was used to develop and fine-tune predictive models with the 

integration of K-fold cross-validation to enhance performance and prevent overfitting. Model performance was 

assessed using the coefficient of determination (R²) and the root mean-squared error (RMSE). The results 

demonstrate that models trained with K-fold cross-validation significantly outperformed those without it, 

illustrate higher R² values and lower RMSE, that emphasizing the effectiveness of K-fold cross validation in 

improving predictive accuracy and preventing overfitting. 

Keywords: Cross validation, K-fold cross validation, Gradient boosting machine, Rock blasting, Fly rock 

 

 

1. INTRODUCTION 
 

A fundamental issue in supervised learning is the model’s ability to generalize to new, unseen data. A primary 

challenge here is overfitting While it is often straightforward to create a model that fits the training data 

precisely, such models may struggle to perform well on new data due to limited generalization [1]. 

 

The causes of the overfitting phenomenon can be complex and multifaceted [2], to address challenges related to 

the learning process and model selection, various resampling methods are employed. One of the most widely 

used is cross-validation, particularly K-fold cross-validation, which involves repeatedly sampling from a training 

set to refit the model on different subsets. This approach provides valuable insights into the model’s performance 

and robustness, helping to reduce overfitting and improve generalization [3]. 

 

In this study, we apply the gradient boosting machine (GBM) algorithm to predict fly rock in blasting operations, 

focusing on its effectiveness in generalizing across datasets. To examine the influence of resampling on model 

performance, we compare the results of the GBM algorithm when applied with and without K-fold cross-

validation. Without K-fold CV, the model achieves high accuracy on training data but shows limited accuracy on 

testing data, suggesting overfitting. By introducing K-fold CV, the model performs consistently well on both 

training and testing datasets, showcasing the benefits of resampling methods for improved generalization. 

Through this approach, we demonstrate with real data the efficiency of K-fold cross-validation in enhancing the 

performance and reliability of predictive models like GBM. 

 

2. METHODOLOGY  
 

2.1. GBM  

 

The GBM is a tree-based model that was introduced by Jerome H. Friedman [4]. Enhancing prediction accuracy 

involves sequentially creating numerous models, with a focus on training situations that pose challenges in 

estimation. During the boosting process, instances that are challenging to predict accurately using the preceding 

base models occur more frequently in the training data compared to instances that are successfully estimated. 

Each subsequent base model is designed to rectify the errors created by its preceding base models [4–7]. 
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The choice of loss functions can be arbitrary, but for better understanding, if the error function is the traditional 

squared-error loss, the learning process would lead to consecutive error-fitting. Typically, the researcher has the 

freedom to select the loss function, as there exist a wide range of pre-existing loss functions and the option to 

create a custom loss function tailored to the specific task [7]. According to this principle. This study used a 

traditional loss function, where the concept underlying this loss function is to impose penalties on major 

deviations from the desired outputs while disregarding smaller differences [8]: 

 

    
2

21
,

2L
y f y f    (1) 

 

Where the variable 𝑦 denotes the actual observed value, while 𝑓 represents the predicted value generated by the 

model. The term  y f  captures the error or residual between the actual and predicted values. To penalize 

larger errors more significantly, the squared error  
2

y f  is applied, while the factor 1 2  is used to simplify 

the derivative calculation during optimization. In the case of the L2 loss-function, its derivative is the residual 

 y f , which implies that the GBM algorithm simply performs residual refitting. 

 

2.2. K-Fold Cross Validation 

 

K-fold cross-validation is a commonly used subsampling method for assessing a predictive model’s 

generalization ability and reducing the risk of overfitting. In this method, the available dataset is divided into k 

non-overlapping subsets (or “folds”) of approximately equal size. The process involves training the model on k-1 

of these subsets combined as the training set, while the remaining subset is used as the validation set for 

performance evaluation. This step is repeated k times, with each subset serving as the validation set once. This 

ensures that every data point is used for both training and validation, contributing to a comprehensive assessment 

of the model’s performance. The folds are created by randomly sampling without replacement from the dataset 

[1, 9], Figure 1 illustrate K-fold cross validation, with 10 folds: 

 

 

 Figure 1. K-fold cross validation with 10 folds [1] 

 

2.3. Application of GBM Algorithm in Real Data 

 

The data collected is a total of 61 blasts from three limestone quarries located in the province of M’sila, Algeria. 

These quarries, which supply limestone for cement production, have a combined annual mining production of 

approximately 6 million tons. 

 

Various blasting parameters were measured, including bench height, stemming, hole spacing, powder factor, 

maximum charge per delay, and the percentage of Anfo in the total explosive quantity, which influences the 

explosive’s pushing strength. Additionally, the distance of fly rock from the muck pile was recorded. 

 

In this study, the database collected from blasting operations is divided into two principle groups: the training 

and testing portions. Approximately 49 datasets (80% of the total database) are selected for the training class of 

the models, in which the 49 datasets are used to improve the performance of prediction models by integrating K-

fold cross validation, while the remaining 12 blasting data (20% of the total database) are addressed to the testing 

class for the validation of the models. 

 

Moreover, to control the performance of each model, two metric criteria are established, the coefficient of 

determination (R2) offers an idea of how well the model fits the data (best score is 1, 0 is the worst), the root 

mean-squared error (RMSE) offers an idea of how wrong all predictions are (best score is 0). 
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Where N  represents the number of samples in the stage of training or testing,in our case, iy  represents the 

observed distance of Fly rock value, iy  is the predicted distance of Fly rock value of the model, iy  represents 

the average of the observed Fly rock distance values. 

 

4. RESULTS AND DISCUSSION 
 

In this section, for developing GBM model a classic loss function was selected which is commonly used in 

practice is the squared error l2 loss, in this regard to provide the best  degree of predictive accuracy, there are four 

hyper-parametres in developing GBM should be tuned, the step size reduction or learning rate which has usually 

a positive value range between 0 and 1 and the smaller can achieve to a more accuracy of the model with into 

account the number of iterations as summarized [10] and subsample or fraction of data used to add the 

randomization  of datasets for  each iteration step to avoid over fitting and also augment the performance  of 

predictive model, respectively, 07, 100, 0.1, and 0.8 selected value for  max depth n-estimators learning rate and 

subsample for both whene the GBM model training with and without cross validation as it shown in Table 1. 

Also, Table 1 clearly presents the defferents results of performance of the gbm model specifically in the testing 

results with R2 (0.99 and 1) RMSE (2.07 and 0.06) in the case whene used cross validation in the learning 

process,instead R2 (0.99 and 0.22) RMSE (2.11 and 15.94). 

 

Furthermore, Figures 2 and 3 respectively illustrate a comprehensive analysis of the correlation between the 

predicted and actual fly rock distance values for the GBM model when K-fold cross-validation is used during the 

learning process, as well as when it is absent for both training and testing data. As shown in the figures, the 

distribution of actual versus predicted points closely aligns with the perfect fit line when K-fold cross validation 

is applied, indicating strong model performance. However, in the absence of K-fold cross-validation, the testing 

data revealed some discrepancies and inappropriate point locations, highlighting potential issues with model 

generalization. 

 

Table 1. Statistical values for learning model 

Learning GBM model 
Training Testing 

RMSE R2 RMSE R2 

With K-fold cross validation 2.07 0.99 0.06 1 

Without K-fold cross validation 2.11 0.99 15.94 0.22 

 

 

Figure 2. Comprehensive analyses of correlation between predicted and measured (actual) fly rock distance 

values for GBM model with k-fold validation 



K-fold cross-validation for enhancing predictive accuracy of gradient boosting 

machine for blasting induced fly rock 

ICMUSTED 2024 

 

444 

 

Figure 3. Comprehensive analyses of correlation between predicted and measured (actual) fly rock distance 

values for GBM model without k-fold validation 

 

5. CONCLUSION 
 

The results presented in this study underscore the efficiency of using K-fold cross-validation in developing 

predictive models such as the GBM model. By comparing the performance metrics with and without K-fold 

cross-validation, it is evident that applying this technique significantly enhances the model’s ability to 

generalize, reducing the risk of overfitting. The high R² values (0.99 and 1) and low RMSE (0.06 and 2.07) 

obtained during testing when K-fold cross-validation was applied demonstrate robust predictive accuracy and a 

close alignment with the perfect fit line. In contrast, the absence of K-fold cross-validation led to reduced 

performance, with notable discrepancies in testing data points and an increase in decrease in R2 (0.22) and 

RMSE (15.94). These findings highlight that K-fold cross-validation is a vital component in the learning process, 

ensuring reliable model performance and the avoidance of overfitting, thereby improving the predictive accuracy 

and robustness of the GBM model. 
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Abstract 

For predicting the standard penetration resistance (SPT-N) values of soil, the present work successfully analysed 
the procedure involved in building an artificial neural networks (ANNs) model using the relevant data set. 
Determining the SPT-N values of a certain soil, it may be an expensive, and lengthy procedure that requires a lot 
of work to be done in the field. There are many opportunities for the field circumstances to change, which could 
lead to the test findings being fabricated. One hundred experimental test results, including factors such as % of 
sand, silt and clay, plastic index (PI), liquid limit (LL), moisture content, and SPT-N values are used to create the 
experimental database. With the help of the modified MATLAB code, ANNs models are created, trained, verified, 
and tested using various combinations of the crucial soil parameters listed above. Performance of model assessed 
by correlation coefficient (R), mean squared error (MSE) and mean absolute error (MAE) to provide best model. 
With the comparison between predicted and the experimental output values, the effectiveness of the created 
prediction models is assessed, and results show that there is a linear relationship between both values as coefficient 
of determination R2 is near to 1. Furthermore, the reduction in MSE and MAE by 0.8453% and 4.8% respectively 
along with enhanced R and R2 of 0.92 and 0.85 shows the effectiveness of model. ANNs model for predicting 
different soil engineering characteristics are generated by modifying the given parameters that are introduced to 
the model. 

Keywords: MATLAB, ANNs, SPT-N values, R, MSE 
 

 
1. INTRODUCTION  
 
In situ tests and site investigation are used for analysis and design of structure by determining the soil’s strata. In 
other words, penetration resistances can be used to group and describe the subsurface. Inspection of soil by SPT-
N value is common in construction projects and it considered as the most usual soil investigation method. There 
are numerous advantages to this approach [1].It is an important test at the field. In addition to other laboratory tests 
that are carried out to gain further information about the properties of soils [2]. There are a lot of empirical 
equations which have been formulated and used in the past to determine soil strength by using different 
independent variables [3]. 
 
It is also able to mitigate this constraint by allowing for better representation of the site conditions, thereby 
enhancing the accuracy of the forecasts. The efficacy of such approaches is normally somewhat low because of 
the variability in the soil properties and the significant number of factors that may affect its strength [4]. Soft 
computing- based machine learning and artificial intelligence-based modelling are in trending from the last decade. 
This method based on logic of human capability for learning and identification of certain pattern in data even if 
the data are uncertain and imprecise in nature, proved good in every field. For instance, it is shown in various 
investigations that machine learning techniques are adopted in geotechnical engineering for the prediction of soil 
characteristics accurately [5]. Out these techniques, ANNs are a subfield of artificial intelligence (AI) which are 
being found as an important technique for modelling and forecasting of such systems like soil behaviour [6]. 
 
ANNs for prediction must be built up with a complex network of perceptron’s which are laid down in many layers. 
There are three types of layers including output layers; hidden layers; and input layer [7]. ANNs are optimal tool 
categorizing complex occurrences in soil mechanics due to its applicability to identifying non-linear relationship 
and trends [8]. The objective of present work to construct a framework of an ANNs model to accurately predict 
and assess the characteristics of fined grained soil [9]. This study uses MATLAB to create an analytical tool called 
the Multilayer Feedforward Backpropagation (MFFBP) neural network [10]. The importance of back propagation 
networks has increased due to the shortcomings of existing techniques. Back propagation has many layers and 
neuron in each layer. The number of layers which are hidden and neurons in every layer of concealment will 
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depend on the problem’s severity, inputs, and outputs. [11]. With this tool, scientists can quickly address a variety 
of difficult industrial challenges by varying the input and output parameters. Once the problem’s nature has been 
established, we can look for the best method or strategy to plane. Certainly, apply one or more different artificial 
neural network learning methods and structures toward every previously stated trait [12]. 
 
Behaviour of soil, settlement analysis, liquefaction, stability of slope, mapping and classification of soil, bearing 
capacity of pile prediction are all often modelled by ANNs in geotechnical engineering [13]. Steel, concrete, and 
wood are among the most common civil engineering materials that exhibit significantly greater homogeneity and 
isotropy than this. The geographical range of these materials and the complication of geotechnical activities 
naturally lead to a simplification of traditional engineering design methodologies. A technology called ANNs is 
useful for simulating complex problems which are unclear about the connectivity of model variables [14]. 
 
2. MATERIAL AND METHOD 
 
For experimental and modelling reasons, around 100 test samples were collected in the lab from different places 
with different geological and climatic characteristics are involved in this study. Dataset was constructed by 
gathering percentages of sand, silt and clay, moisture content and Atterberg limits except plastic limit as input 
parameters and SPT-N values as a predictive outcome. Table 1 below displays the findings from the soil datasets 
statistical analysis. 

Table 1. Statistics of the dataset 

 Sand 
(%) 

Silt and 
Clay 
(%) 

Liquid 
Limit 
(%) 

Plastic 
Index 
(%) 

Moisture 
Content 

(%) 

Standard 
Penetration 
Resistance 

Maximum 49 99 28.89 7 27.7 43 
Minimum 1 50 22.11 4.57 17.23 11 

Mean 11.88 82.97 25.578 5.7098 15.8119 19.01 
Standard Deviation 10.96201 13.86106 1.695765 0.850024 6.147894 9.546198 

 
The database’s various input and output parameters’ correlation matrix is displayed in next table 2 that supplied 
under [15]. The relationship matrix shows the correlation coefficient which are known as “r” of the included 
parameters. Positive number in a correlation table indicated that there was positive correlation among the different 
variables. Oppositely, minus sign proves the two variables are inversely related [16]. 
 

Table 2. The database’s parameters’ correlation matrix 

 Sand 
(%) 

Silt and 
Clay 
(%) 

Liquid 
Limit 
(%) 

Plastic 
Index 
(%) 

Moisture 
Content 

(%) 

Standard 
Penetration 
Resistance 

Sand (%) 1      
Silt And Clay (%) -0.8 1     
Liquid Limit (%) -0.41 0.32 1    
Plastic Index (%) -0.01 0.04 0.33 1   

Moisture Content (%) -0.34 0.41 0.14 -0.18 1  
Standard Penetration 

Resistance (Blow) 0.34 -0.25 -0.16 0.19 -0.5 1 

 
ANNs are capable of learning, estimating, classifying, generalizing, and approximating data as well as making 
predictions based on inputs and outputs parameters. This is of particular importance to these operations because 
of the flexibility provided by the network and the ability to retain knowledge through training. The layers of 
neurons in ANNs are bonded by weighted connections [13]. This is because according to the distinction between 
target and projected outputs the model changed these weights during training. Therefore, for their ability to 
determine error using predictor and target values, Feedforward Backpropagation Neural Networks (FBPNNs) 
methods were selected for that study [5]. 
 
There are many methods by which overfitting of model in artificial neural network can be avoided, one of these is 
that entire database is divided into three parts that are training, validation and testing. However, to minimize the 
training errors, gradient descent is used to revise the bias and weight during training process. Overtraining may 



Prediction of penetration resistance for fine-grained soils using artificial neural 
networks 

ICMUSTED 2024 

 

448 

occur, in which the network conforms too closely to the training data, and thus performs poorly on data not seen 
during training. MATLAB split data between training set, validation, and subset being tested. 
 

 
Figure 1. Number of sample for training, testing and validation 

 

 
Figure 2. Architectural diagram of ANNs model 

 
3. RESULTS 
 
The proposed model based on ANNs is built by using one hundred set of data points obtained from different sites 
within a region to determine the SPT-N values of soil. Sand, silt and clay, plasticity index, liquid limit and moisture 
content percentages are among its five input parameters and the SPT-N values are its sole output parameter. The 
MATLAB software is used to create the ANNs model, and the “divide rend” function is used to divide the database 
into training, validation and testing subsets. Figure 3 below shows the performance of the training, validation and 
testing stage for the whole run of the model. Over the course of seven epochs, the learning and training of model 
has been completed. 
 

 
Figure 3. Neural Network training performance 
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Regression results in training, testing and validation simulations show the effectiveness of the model in identifying 
the relationships among output and input variables of soil in Figure 4. 
 

 
Figure 4. Regression Curve for Artificial neural network model 

 
4. DISCUSSION 
 
In this section, the original output values are compared with the predicted values. Model’s scatter plots between 
the original SPT-N values at ordinate and the predicted SPT-N values on abscissa show the linear fitting line or 
linearity. 
 

 
Figure 5. Comparison of experimental and ANNs predicted SPT-N values 

 

 
Figure 6. Coefficient of determination (R2) and coefficient of relation (R) 
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In a regression analysis, the statistical metric such as R2 and R, conveys the direction and magnitude of a linear 
relationship between two variables. The regression model and the data match each other better when the R and R2 
numbers are greater. This means that the independent variable or variables can account for most of the variance in 
the dependent variable. Figure 6 below shows how well our ANNs model performs with the R2 and R values for 
the suggested ANNs model being 0.85 and 0.92, respectively. The ability of the model to predict the standard SPT-
N values of soil was evaluated in the current study using other performance indices as additional performance 
measures shown below in Figure 7. 
 

 
Figure 7. Mean square error (MSE)and mean absolute error (MAE) values 

 
When the MSE is lower (0.8453%), the squared differences between the model2s predictions and the actual values 
are typically insignificant. A lower MAE which is (4.8%) suggests that, on average, there aren’t many absolute 
differences between the expected and actual values. This suggests that the model regularly forecasts values that 
are near to the actual values and that there is little bias or distortion. 
 
5. CONCLUSION 
 
In ANNs it is very mandatory to divide the full datasets into subsets training, testing and validation to increase 
generality and reduce over-fitting. It also allows segmentation of the ANNs model for training purposes and for 
effective monitoring of the models’ performance. Input pass through FBPNNs during training process. Depending 
on the results achieved, the anticipated output is checked with target values to estimate the net error. To minimize 
on errors weights and bias are adjusted using the “gradient descent” approach. 
 
The predictions from the created ANNs model were then contrasted with the goal values from the experimental 
investigation. To prove the relationship between the target and expected values, they plotted the data points on 
fitting Line. They also reported other measures, for instance, Coefficient of determination for optimization 
purposes. When tested with other parameters which are shown in Figure 6 shows higher values like 0.85 and 0.92 
which indicate proposed ANNs model is quite effective. In addition, MAE and MSE show that developed model 
is accurate and genuine. Towards the end of the paper, in the conclusions section, the author presents the most 
important findings of the study. 
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Abstract 

In this study, our objective is to significantly contribute to environmental protection by adopting an innovative 
approach to recycling certain types of construction waste, such as used plaster and window glass, to develop a 
revolutionary new eco-friendly material for building thermic insulation. This material also helps reduce the energy 
consumption required for air conditioning. To achieve this, we mixed up to 10% plaster powder with window glass 
powder, adding 1% CaCO3 foaming agent to the powdery mixture to obtain a porous structure. The different 
mixtures are pressed using a hydraulic press into pellets at a pressure of 100 KN to ensure optimal cohesion. 
Subsequently, these pellets underwent thermal treatment at a temperature of 800°C for 10 minutes, resulting in 
cellular material samples. To evaluate the quality and performance of our materials, we utilized various 
physicochemical analysis techniques such as X-ray diffraction (XRD), differential scanning calorimetry (DSC), 
porosity measurement, mechanical strength characterization, etc. The results obtained demonstrate that our foams 
exhibit high porosity, exceeding 81%, as well as compression resistance exceeding 5 MPa. These results position 
our material as a high-quality construction insulation, offering both exceptional performance and a reduced 
ecological footprint, contributing to a more sustainable future for our planet. 

Keywords: Environmental, Construction waste, Cellular material 
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Abstract 

The separation of cyclohexane from benzene is the most challenging tasks in the petrochemical industry due their 
close boiling points and the formation of azeotrope. For this reason, the conventional distillation is not suitable for 
their separation. Hence, the liquid-liquid extraction is most widely used process for low concentration benzene 
with the advantages of high selectivity and low energy consumption compared to extractive distillation. Recently, 
a new type of environmentally friendly solvent has been introduced as a promising alternative such as ionic liquids 
(ILs) to enhance the performance of the extraction process, because of their high selectivity, less volatility and 
reduced toxicity compared to the conventionnel solvents such as sulfolane. This work aims to design an extraction 
process for the separation of the azeotropic mixture benzene – cyclohexane using pyridinium based ILs as an 
alternative to sulfolane. The modelling of the liquid – liquid equilibrium (LLE) of the ternary systems benzene + 
cyclohexane + solvents was performed using the non-random two- liquid thermodynamic model (NRTL). The 
calculated LLE data using the fitted binary interaction parameters of NRTL model are in good agreement with 
those experimental collected from the literature. The results shows that the obtained values of selectivity and 
distribution coefficient for benzene - cyclohexane are higher using the ILs and that the extraction process using 
ILs is more efficient. 

Keywords: Liquid-liquid extraction, Ionic liquid, Thermodynamic model, Azeotropic mixture 
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Abstract 

This study presents a comprehensive analysis of a hybrid renewable energy system that integrates solar 
photovoltaic (PV), wind turbine (WT) and wave energy converter (WEC) systems for green hydrogen production 
in Kuala Terengganu, Malaysia. The hybrid system aims to mitigate the intermittency of individual renewable 
energy sources by leveraging the complementary nature of solar, wind, and wave energies. The performance of 
the system was evaluated over a one-year period under real climatic conditions, with an emphasis on energy 
production, system efficiency, and hydrogen output. The results demonstrate that the hybrid system produced a 
total of 265.6 MWh of electricity annually, which was used to drive a proton exchange membrane (PEM) 
electrolyser for hydrogen generation. The analysis revealed that the PV system contributed 85.4% of the total 
energy, followed by the WT and WEC systems contributing 12.2% and 2.4%, respectively. The consistent 
operation of the electrolyser resulted in an annual hydrogen production of approximately 5,694 kg, highlighting 
the system's potential for sustainable hydrogen production. The study underscores the importance of integrating 
multiple renewable energy sources to enhance the reliability and stability of energy supply for hydrogen 
production, contributing to the global efforts towards achieving net-zero emissions. 

Keywords: Green hydrogen production, Hybrid renewable energy, Solar photovoltaic, Wind turbine, Wave energy 
converter 
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Abstract 

In this paper, a nano terahertz antenna for on-body wireless body area network (WBAN) applications is designed. 
The antenna features a gold patch with a thickness of 4 µm, while Roger RO 3210 (εr = 10.8) is selected as the 
substrate material, with a thickness of 5 µm. The antenna’s dimensions are 26.84 µm × 14.96 µm (width × length), 
and it is intended for integration on the human body for medical applications, such as measuring and monitoring 
various physiological parameters using sensors to assess an individual's overall health status. The design achieved 
a return loss of -45 dB and a gain of 3 dBi at a frequency of 2.31 THz. 

Keywords: Nano patch antenna, Terahertz transmission; Wireless Body Area Network, Return loss, medical 
applications 
 
 
1. INTRODUCTION  
 
In recent years, the advancement of technology and the emergence of the wireless body area network (WBAN) 
standard (802.16.6) in 2012 [1] have brought significant improvements to the lives of patients requiring continuous 
monitoring and care. The integration of miniature sensors and actuators has enabled the remote observation of 
various human vital organ activities, including measurements of oxygen levels, ECG, EEG, and other 
physiological functions [2, 3]. This has transformed the way medical professionals can monitor patients, allowing 
for a more seamless, real-time tracking of vital signs without the need for patients to remain confined to clinical 
environments. WBAN technology offers an automatic and efficient service by utilizing a network of small, 
distributed nodes that communicate wirelessly. These nodes can be positioned on the body (ON-body), near the 
body (OFF-body) [4], or even implanted within the body (IN-body) [5], depending on the specific medical 
application. Each node is essentially composed of a small antenna that facilitates integration into the patient's 
environment or clothing, promoting ease of movement and comfort for the patient. The compact nature of these 
antennas ensures minimal intrusion, while their low energy consumption and low power requirements make them 
ideal for long-term use in wearable or implantable medical devices. In our research, we aim to utilize the optical 
spectrum, particularly the terahertz spectrum, which spans from 0.1 to 10 THz [6], to explore novel solutions for 
WBAN technology. The terahertz spectrum offers unique advantages for high-speed, high-frequency data 
transmission, which is crucial for the rapid communication required in health monitoring systems. Many recent 
studies have focused on this frequency range, investigating innovative designs such as graphene-based antennas 
[7, 8], and lens-based antennas [9, 10]. These cutting-edge designs demonstrate the potential for improved 
performance in terms of size, power efficiency, and data transmission capabilities, making them well-suited for 
applications in WBAN. By leveraging the properties of the terahertz spectrum, we hope to contribute to the 
growing body of research aimed at enhancing WBAN systems for medical use, particularly in areas such as remote 
health monitoring, where reliable, low-power, and high-performance communication systems are essential for 
improving patient care and outcomes. 
 
This paper presents the design and analysis of a rectangular patch antenna with slots operating in the terahertz 
frequency band, using CST Microwave Studio technology. Gold is used for both the patch and ground plane, while 
Roger RO3210 (εr = 10.8) with a thickness of 5 µm serves as the dielectric substrate. The antenna's performance 
is evaluated for WBAN, specifically for on-body applications, where it can measure and monitor various 
physiological parameters through sensors, contributing to the overall health status monitoring of individuals. The 
antenna has dimensions of 26.84 × 14.96 µm² and operates at a frequency of 2.31 THz. The proposed nano patch 
antenna achieves a return loss of -47 dB and a gain of 3 dB. 
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2. ANTENNA DESIGN 
 
In this section, we outline the design process of a nano patch antenna (as shown in Figure 1). The antenna is 
constructed using a Roger RO 3210 substrate, which has a dielectric constant (𝜀𝜀r) of 10.8 and a thickness (h) of 5 
µm. A gold patch, with a thickness of 4 µm, is used for both the patch and ground plane components due to its 
excellent conductivity properties, which are critical for high-performance antenna designs at terahertz frequencies. 
The antenna is fed by a 50 Ω microstrip line, which ensures efficient impedance matching and minimizes signal 
reflections. 
 

 
Figure 1. Wireless body area network application 

 
The dimensions of the patch are carefully calculated using a standard design equation for rectangular patch 
antennas, which takes into account the operating frequency, the dielectric constant of the substrate, and the physical 
properties of the materials used. These calculations are crucial to achieving the desired operating frequency and 
optimal performance for WBAN applications, specifically for on-body communication systems [11]. The 
antenna’s design is tailored to function efficiently in the terahertz frequency band, specifically at 2.31 THz, which 
offers significant advantages in terms of data transmission speed and signal resolution, particularly for medical 
and health-monitoring applications. 
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Where, w : the width of the antenna, rε : the dielectric constant of the substrate used, rf : the resonance  frequency, 
h : height of the antenna, l : the length of the line, gL : length of the substrate, and gW : width of the substrate. 
 
To ensure that the designed antenna operates effectively at the targeted frequency, we will utilize a matching 
technique referred to as the patch slate technique, as depicted in Figure 2. This approach is crucial for optimizing 
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the antenna’s performance by enhancing impedance matching between the antenna and the feeding line. Impedance 
matching is essential in antenna design, as it minimizes signal reflections and maximizes the transfer of power 
from the feed line to the antenna, thereby improving overall efficiency. 
 

  
(a) (b) 

Figure 2. The rectangular gold patch antenna, (a) front view and (b) rear view 
 

3. SIMULATION AND RESULT 
 
3.1. Reflexion Coefficient S11 
 
Figure 3 illustrates a reflection coefficient of -45.17 dB, along with a bandwidth of 94.326 GHz at a frequency of 
2.31 THz. This indicates that the antenna exhibits excellent impedance matching at the target frequency, as a 
reflection coefficient of -45.17 dB signifies minimal signal reflection, allowing most of the input power to be 
effectively radiated. The substantial bandwidth of 94.326 GHz further highlights the antenna's capability to operate 
efficiently across a range of frequencies, which is advantageous for various applications in WBAN. This 
performance characteristic is critical for ensuring reliable communication and accurate monitoring of physiological 
parameters in medical settings. 
 

 
Figure 3. The reflexion coefficient S11 of proposed terahertz nano antenna 

 
3.2. Radiation Pattern (Gain) 
 
Figure 4 presents a gain value of 3.19 dB, demonstrating an omnidirectional radiation pattern at a frequency of 
2.31 THz, as illustrated in Figure 2. This omnidirectional behavior indicates that the antenna radiates power 
uniformly in all horizontal directions, making it well-suited for applications where signal coverage is required 
across multiple angles. The gain of 3.19 dB signifies a moderate level of efficiency, indicating that the antenna 
effectively transmits and receives signals within its operational environment. 
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(a) (b) 

Figure 4. (a) 3D radiation pattern and (b) polar radiation pattern 
 

 
Figure 5. Gain of the proposed antenna 

 
3.3. Voltage Standing Wave Ratio (VSWR) 
 
The VSWR is measured to be less than 2, as depicted in Figure 6. A VSWR value below 2 indicates good 
impedance matching between the antenna and the transmission line, which is essential for minimizing signal 
reflections and ensuring efficient power transfer. This level of VSWR suggests that the antenna operates effectively 
within the desired frequency range, contributing to improved performance in applications such as WBAN. 
Maintaining a low VSWR is crucial for optimizing the antenna's functionality and enhancing its ability to 
accurately transmit and receive signals, which is particularly important in medical and health-monitoring contexts. 
 

 
Figure 6. VSWR of our proposed antenna at frequency 2.31THz 

 
3.4. Current Density 
 
The current density of the proposed antenna is illustrated in Figure 7. This figure provides insight into the 
distribution of electrical current across the antenna's surface, highlighting areas of higher current concentration. 
Analyzing the current density is essential for understanding the antenna’s performance characteristics, including 
its radiation efficiency and overall effectiveness. Regions with increased current density typically correlate with 
enhanced radiation and improved gain, which are vital for optimal operation at the desired frequency of 2.31 THz. 
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By evaluating the current density, we can further refine the antenna design to ensure efficient energy distribution, 
ultimately leading to better performance in WBAN applications and other related medical monitoring systems. 
 

 
Figure 7. Current density of our proposed antenna at frequency 2.31THz 

 
4. COMPARAISON RESULTS 

 
A comparison between several results of research papers is given in Table 1: 
 

Table 1. Comparison of proposed work with previous literatures 
 fr (GHz) S11 (dB) Gain (dBi) 

Proposed antenna 2310 -45.17 3.199 
[12] 852 -20 2.5 
[13] 2.45 -20.18 1.8 
[14] 2.4 -26 2.5 

 
Table 1 presents a comparison of various results from research papers, highlighting that the S11, gain, and 
directivity achieved in our proposed antenna design are superior to those reported in the referenced studies. 
Notably, these improvements are achieved with a significantly smaller antenna size, which enhances its suitability 
for integration onto the human body for WBAN applications. This compact design not only facilitates seamless 
integration but also ensures comfort for users, making it an ideal choice for continuous health monitoring and 
physiological parameter tracking in medical settings. The combination of excellent performance metrics and a 
small footprint underscores the potential of our antenna design in advancing WBAN technology. 
 
5. CONCLUSION 
 
In this paper, we utilized CST Microwave Studio simulation software to design a rectangular nano patch antenna 
with slots, employing gold as the material for both the patch and ground plane. The antenna operates at a frequency 
of 2.31 THz and exhibits a gain of 3.19 dBi, along with a reflection coefficient of -45 dB. These characteristics 
indicate that the proposed antenna delivers outstanding performance in terms of efficiency and signal quality. 
Additionally, its compact size facilitates easy integration onto the human body, making it well-suited for WBAN 
applications. The combination of excellent performance metrics and a small footprint highlights the potential of 
our antenna design for effective health monitoring and physiological parameter tracking in medical settings. 
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Abstract 

This paper presents the design of a miniature dual-band hexagonal patch antenna for Wi-Fi 5/ Wi-Fi 6 applications. 
A rectangular slot has been incorporated into the ground plane to achieve miniaturization. The antenna 
demonstrates return losses of -24.22 dB at 5.2 GHz and -14.7 dB at 7.74 GHz, with corresponding bandwidths of 
230 MHz and 390 MHz. The achieved gains are 2.6 dB and 3.2 dB, respectively. The overall antenna size has been 
reduced by 27.43%, from 32.22 x 48.13 mm² to 26.42 x 42.59 mm². 

Keywords: Hexagonal patch antenna, Slot, Miniaturization, Wi-Fi 5, Wi-Fi 6 
 
 
1. INTRODUCTION   
 
In recent years, the telecommunications sector has benefited greatly from the technological progress. The needs 
for high-speed, high-reliability, and low-latency Wi-Fi communication are growing rapidly [1]. 802.11ac, also 
known as Wi-Fi 5, is a wireless network standard. It offers significant speed and performance improvements over 
its predecessor. Wi-Fi 5 operates in the 5 GHz frequency band and supports wider channels, enabling higher data 
transfer rates [2]. Therefore, the Wi-Fi 6 (the sixth generation of Wi-fi), also known as 802.11ax, is the latest 
generation of Wi-Fi technology. It was officially introduced in 2019 [3]. The Wi-Fi 6 cover a bandwidth of 5.925 
GHz - 7.125 GHz, with 14 × 80 or 7 ×160 MHz channels similar to Wi-Fi 5 [4]. As Wi-Fi 6 became more 
widespread, new devices started supporting this standard, allowing users to take advantage of the enhanced 
performance, especially in busy environments like offices, public spaces, and smart homes with multiple connected 
devices [5]. 
 
The microstrip patch antenna is an electronic device consisting of a ground plane, a dielectric substrate and the 
radiating patch. Microstrip patch antennas have been widely used for many years, and offer a number of advantages 
and better prospects [6]. For many years now, microstrip patch antennas have been indispensable elements of any 
wireless communication system, thanks to their advantages and improved prospects [7]. In telecommunications, 
miniature antennas play a crucial role in our increasingly connected and portable world. They are designed to take 
up little space while maintaining efficient communication performance [8]. In order to meet the miniaturization 
requirements of mobile units, today’s mobile communication system applications generally require smaller 
antennas, while reducing their size and improving their bandwidth is becoming a major design consideration for 
practical applications of microstrip antennas [9].The small volume, low profile, compact design and light weight 
of a miniature microstrip antenna make it easy to integrate with other devices, and it has a wide range of 
applications in many fields of technology [10]. These include wireless networks (Wi-Fi, LAN, and Bluetooth), 
satellite applications, cognitive radio systems, military applications, and global positioning system (GPS) [11]. 
there are several techniques for miniaturizing printed antennas, which are essential to make them suitable for 
integration into compact electronic devices and wireless devices [12], the most common ones are: Loading of high 
dielectric material in substrate of an antenna, using double-layered substrate in micro strip patch antenna [13], 
Introducing slots and modifications of the ground plane [14, 15], and use of metamaterials [16]. The need for 
smaller antennas with better performance is always present. These include miniaturized versions of various antenna 
types, including patch antennas, printed monopoles, planar inverted F-shaped antennas (PIFAs), among others 
[17]. 
 
In this paper, a new slotted bi-band hexagonal miniature microstrip patch antenna is proposed for Wi-Fi 5 and Wi-
Fi 6 applications. The slot technique has been used to miniaturize the proposed hexagonal antenna with insertion 
of a rectangular-shaped slot on ground plane. The proposed antenna has an omnidirectional radiation pattern and 
covers the Wi-Fi 5 and Wi-Fi 6 bands (5 GHz to 7.97 GHz). The simulation results obtained are competitive with 
those described in the literature. 
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2. ANTENNA DESIGN 
 
The printed hexagonal antenna shown in the Figure 1 is designed on a Rogers RT-5880 (εr = 2.2) substrate of 1.75 
mm thickness, using CST MWS software. The antenna is fed by microstrip line feed in order to resonate at 5.2 
GHz for Wi-Fi 5/Wi-Fi 6 applications. The dimensions of our proposed antenna are shown in Table 1. 
 

  
Figure 1. Proposed hexagonal antenna  

 
Table 1. Dimension of the hexagonal proposed antenna  

Parameters Dimensions 
W 22.8 mm 
L 18.54 mm 

Wg 32.22 mm 
Lg 48.13 mm 
W0 4.3 mm 
a 4.5 mm 

b, c, g 1.5 mm 
d, h 7.5 mm 

e 3 mm 
f 3.85 mm 

 
Figure 2 shows the result of simulation in term of return loss which gives a value of -32.59 dB at 5.2 GHz. Voltage 
standing wave ratio (VSWR) is presented by Figure 3 with value around 1.04 which is very satisfactory. 
 

 
Figure 2. Return loss of the hexagonal proposed antenna  
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Figure 3. VSWR of the hexagonal proposed antenna 

 
The Figure 4 shows the gain of the hexagonal proposed antenna with the value of 4.84 dB at 5.2 GHz resonant 
frequency. Then Figure 5 presents the radiation pattern which is quasi-omnidirectional. 
 

 
Figure 4. The gain of the hexagonal proposed antenna 

 

   
(a) (b) (c) 

Figure 5.  Radiation pattern of the hexagonal proposed antenna: (a) 3D, (b) polar, and (c) polar 
 

3. MINIATURE ANTENNA 
 
In order to miniature our hexagonal antenna size, slotted technique is used. We inserted a rectangular shaped-form 
on ground plane. The finale geometry is shown by Figure 6 and its dimensions are presented in Table 2. Several 
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parametric studies have been carried out on the variation in patch width and length, these results are presented in 
Figure 7. 
 

  
(a) (b) 

Figure 6. The slotted miniature hexagonal antenna, (a) top view, (b) bottom view 
 

Table 2. Final dimensions of miniature hexagonal antenna  
Parameters Dimensions 

W 17 mm 
L 14 mm 

Wg 26.42 mm 
Lg 42.59 mm 
W0 4.3 mm 
a 4.5 mm 

b, c, g 1.5 mm 
d, h 7.5 mm 

e 3 mm 
f 3.85 mm 
X 24 mm 
Y 22.15 mm 

 

 
Figure 7. Width and length variation 
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The return loss of slotted antenna after simulation is shown in Figure 8. It was observed that antenna operated at 
2 different frequency 5.2 GHz and 7.74 GHz. The miniature hexagonal antenna exhibited return loss of -24.22 dB 
and -14.7 dB respectively. A bandwidth around 250 MHz and 390 MHz are obtained which is satisfactory for Wi-
Fi 5 and Wi-Fi 6 applications.  
 

 
Figure 8. Return loss of the slotted hexagonal miniature antenna based on the slot technique at resonant 
frequencies 5.2 GHz and 7.74 GHz respectively 
 
The VSWRs of slotted hexagonal miniature antenna obtained after simulations are shown in Figure 9. It has a 
value of 1.13 and 1.45 for 5.2 GHz and 7.74 GHz respectively. 
 

 
Figure 9. VSWRs of the slotted hexagonal miniature proposed antenna at resonant frequencies 5.2 GHz and 7.74 
GHz respectively 
 
The simulated Gains of slotted hexagonal miniature antenna are as shown in the Figure 10. From simulated plot it 
was observed that Gains of the miniature hexagonal antenna are about 2.6 dB and 3.2 dB at the operating 
frequencies of 5.2 GHz and 7.74 GHz respectively which is very satisfactory for Wi-Fi applications. 
 
Three-dimensional and Two-dimensional radiation patterns of slotted miniature hexagonal antenna after 
simulation are shown in Figures 11 and 12. we obtained and omnidirectional radiation patterns which is very 
satisfactory for Wi-Fi 5 and Wi-Fi 6 applications. 
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Figure 10. The gains of the slotted hexagonal miniature antenna at resonant frequencies 5.2 GHz and 7.74 GHz 
respectively 
 

   
(a) (b) (c) 

Figure 11. Radiation pattern of the hexagon proposed antenna: (a) 3D, (b) polar, and (c) polar at the resonant 
frequency 5.2 GHz 
 

   
(a) (b) (c) 

Figure 12.  Radiation pattern of the hexagon proposed antenna: (a) 3D, (b) polar, and (c) polar at the resonant 
frequency 7.74 GHz 
 
4. CONCLUSION 
 
In the present paper, a miniature hexagon-shaped patch antenna fed by a microstrip line feed, has been investigated. 
The antenna has a dimension of 26.42 x 42.59   etched on a Roger RT-5880 type substrate with a relative 




