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ABSTRACT 

This paper proposed a simple T-shaped patch antenna for millimeter waveband frequency operation. Millimeter wave is 

a frequency ranges between 30GHz to 300GHz in an electromagnetic spectrum. The proposed antenna consists of T-

shape radiating patch mounted on rectangular substrate (FR4-4) and microstrip line for antenna feeding. An evolutionary 

algorithm called particle swarm optimization was used to optimize the length and width of the proposed antenna patch. 

The proposed antenna gives triple bands with central frequencies at 42GHz, 51.5GHz and 60GHz. The antenna offers 

minimum return loss of -19db, -24db and -19.5db at 42GHz, 51.5GHz and 60GHz respectively. The return loss impedance 

bandwidth of 5GHz for the first band, 8.4GHz for the second band and 5GHz for the third band was obtained. The 

proposed antenna was analyzed using Ansoft High Frequency Structure Simulator (HFSS) and MATLAB 2013. Radiation 

characteristics of this patch antenna are observed at various resonating frequencies. 
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1. INTRODUCTION 

Wireless technology is experiencing an incredible 

progress and growth because of an ever-increasing 

demand of wireless device in communication systems 

[1]. Microstip patch antenna provides multiple bands 

opportunities and have a compact structure, hence it 

emerged as a promising candidate for hand held devices. 

Microstrip patch antenna has various advantages such as 

low cost, light weight, easy to manufacture etc. Despite of 

various advantages, a major pitfall that microstrip patch 

antennas suffers is narrow bandwidth. With the massive 

upgrade of networks, the current spectrum assigned for 

wireless communication has theoretically reached its 

maximum system utilization. Millimeter-waves are 

anticipated to be promising candidate for the upcoming 

wireless solutions [1]. Unused available spectrum at 

millimeter wave frequencies has a potential to compete 

with the requirements of future 5G systems where high 

capacity and fast speed are the distinguishing features to 

achieve. On the other hand there are several critical 

limitations necessary to be resolved at millimeter wave 

spectrum, such as the atmospheric attenuations and 

absorptions, which becomes more obvious at high 

frequencies [1]. 

It is suggested that antenna should be offering high 

bandwidth to support a wide range of system services to 

function simultaneously and high gain to overcome the 

atmospheric absorptions at these range frequencies [2]. 

Moreover, the antenna should be low profile, low cost 

and light weight that are convenient to be integrated 

with planar and non-planar surfaces.  

Recent work used defected ground structure in their 

design [1] which is one among several techniques 

applied to enhance the operating range of the patch 

antenna. Defective ground structures enhances the 

performance of an antenna by creating a partial ground 

in the ground plane [3]. The added slot is responsible of 

altering the excitation process of ground plane. However, 

the structure creates additional effective inductance and 

capacitance as well; maintain the thin profile 

characteristics of the plane [1]. The desired frequency 

can be obtained by changing the length, width and the 

position of the slot. A lot of research has been carried out 

in the development of multiband, wideband and ultra-

wideband using defective ground structures [4-8]. Most 

of the antennas that used defective ground structure are 

low frequency band, single band operation and 

multiband millimeter wave operation [9]. This proposed 

antenna did not use defective ground structure. The 
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return loss bandwidth of the patch antenna can be 

calculated as 

%BW = 100*
C

LH

F

FF 
                     (1) 

In (1), FH is High cut off frequency, FL is Low cut off 

frequency and FC is the Centre frequency . 

               

2. PSO TECHNIQUES 

Pso is a computational method that optimizes a problem 

by iteratively trying to improve a candidate solution with 

regard to a given measure of quality. In pso, particles 

potentials solutions fly through the problem space. Each 

particle keeps track of its coordinates in the problem 

space which are associated with the best solution 

(fitness) it has achieved so far (the fitness value is also 

stored) and is called the personal best [10]. Following a 

similar pattern another value is tracked, this value is 

named as the best value obtained so far by pso and is 

known as the global best. An N-dimensional coordinate is 

used to represent each position, in which each dimension 

is equivalent to a parameter to be optimized. The velocity 

(VN) and position (XN) of one particle is updated as [11] 

[12]. 

VN = WVN + C1rand ()   (PBEST, N-XN)  

+ C2rand ()  (GBEST-XN)                          (2) 

Here W is called the inertia weight and its value chosen 

between 0 and 1 for the mathematical convenience, 

evaluates the extent to which the path of the particle 

doesn’t deviate due to the influence of PBEST and GBEST. 

C1 and C2 are the factors that govern the deviation due 

to PBEST and GBEST [12]. The amount of deviation due 

to PBEST is determined by C1 and C2 is a factor 

determining how the particle is affected by the rest of the 

swarm. The random function (rand) is used to introduce 

the slight randomness or unpredictable nature of swarm 

behavior. According to [13] the position (or location) of 

each particle is updated as: 

XN = XN + ∆T VN                                                     (3) 

For a given time step ∆T whose value is chosen to be 

unity. Pso use to solve power system [16], feature 

selection for structure-activity correlations in medical 

applications [17], biological applications [18], size and 

shape optimization [19, 20], environmental applications 

[21], analysis in chemical processes [22], bioinformatics 

[23] and task assignment problems [24]. 

 

3. PSO BASED OPTIMIZATION OF LENGTH AND WIDTH 

OF THE ANTENNA 

The objective of the particle swarm optimization in this 

work is to optimize the length and width of the proposed 

antenna. 

 

3.1 Verification of pso Using Rosen Brock function 

In mathematical optimization, the Rosen brock function 

is used as a performance test problem for optimization 

algorithm. In order to analyze the pso benchmark 

function is used in experiment, whose equation is given 

as in equation (4) [14]. 
222 )()(),( xybxayxf          (4) 

Equation (4) above has global minimum at (x, y) = (a, a2) 

where f(x, y) = 0. Usually these parameters are set such 

that a = 1 and b = 100. Only the trivial case where a = 0 

is the function symmetric and the minimum at the origin. 

The range selected for optimization of parameter is as 

follows: 

Width of the patch: 0.1mm to 2mm 

Length of the patch: 0.1mm to 2mm 

The effective length and width of the patch is evaluated 

using the below equation (v) 
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Where u and v stand as length and width of the patch 

 

4. ANTENNA GEOMETRY 

The geometry of the proposed antenna is presented in 

table 1 below. Initially the antenna was designed with 

defected ground structure at the center of the ground but 

the result we are having was a single band then we 

removed the DGS in order to have multiband frequencies. 

The design parameters is summarized in table I also the 

length and patch of the proposed antenna was calculated 

using the below equations [15]. 

rr

L
F

C
P

2
                     (6) 

r

r

w
F
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P 

2
                   (7) 

In (6) and (7), PL is the Length of the patch, PW is the 

Width of the patch, C is the Speed of light as 3
810 m/s,  

Fr is the Solution frequency, r is the Dielectric constant 

or permittivity of the material. 

 

Table 1: Design Parameters of Patch Antenna 

S/N 
Parameter 
Name 

Proposed Dimensions 
Length(mm) Width(mm) Height(mm) 

1 Substrate 12 12.5 1.2 

2 
Ground 
plane 

12 12.5 0 

3 Patch 3.1 8 1.2 
4 Feed line 6.15 1.4 1.2 
5 Port 6 1.2 1.2 
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Figure 1:  Top view of the proposed antenna 

 
Figure 2:  3D View of the proposed antenna 

 

5. RESULTS AND DISCUSSION 

To analyze the antenna performance, High Frequency 

Structure simulation tool based on finite element method 

was used. The simulated return loss and voltage standing 

wave ratio are shown in figure 3 and Figure 4. It is clear 

from the figures that the antenna is operating at 

millimeter wave band with resonance frequencies 

42GHz, 51.5GHz and 60GHz. The bandwidth obtained is 

5GHz, 8.4GHz and 5GHz. Minimum return loss of -19db, -

24db and -19.5db is observed at 42GHz, 51.5GHz and 

60GHz respectively. The voltage standing wave ratio 

versus frequency plot in figure 4 shows good agreement 

in specified bandwidth. The radiation pattern and 3D 

radiation polar plot was also shown in Figure 5, 6, 7, 8, 9, 

and 10 respectively. 

For pso the investigation is made at a microwave 

frequency of 60GHz; number of particles are 50; inertia is 

1.0; iteration 30; C1 =C2= 2.0, the figure 11, 12 and 13 

shows the result of the optimization in which the width 

and length converges to 1.5422mm and 1.127mm 

respectively. 

 

Table 2. Performance Summary of T-shaped Antenna 

 
Freq. 

band FL-
FH(GHz) 

Return 
Loss(db) 

BW(GHz) %BW 
FBR 
(db) 

1 
45.5-
40.5 

-19db 5 8.33 3.0214 

2 
54.2-
45.8 

-24db 8.4 14 2.2007 

3 
63.5-
58.0 

-19.5db 5.5 9.17 6.7274 

 

 
Figure 3: Return loss vs frequency plot 

 
Figure 4: VSWR vs frequency plot 

 
Figure 5: Radiation Pattern at 42GHz 

 
Figure 6:  Radiation Pattern at 51.5GHz 

 



MULTIBAND MILLIMETER WAVE T-SHAPED ANTENNA WITH OPTIMIZED PATCH PARAMETER USING PARTICLE SWARM OPTIMIZATION, A. H. Jabire, et al 
 

 

Nigerian Journal of Technology,   Vol. 36, No. 3, July 2017          907 

 
Figure 7: Radiation Pattern at 60GHz 

 
Figure 8: 3D Polar plot at 42GHz 

 
Figure 9: 3D Polar plot at 51.5GHz 

 
Fig. 10.    3D Polar plot at 60GHz 

 
Figure 11: Width of Patch vs iteration 

 
Figure 12: Length of patch vs iteration 

 
Figure 13: Fitness function vs iteration 

 

6. CONCLUSION 

This paper presents an efficient antenna design at 

millimeter wave band. The top geometry of the proposed 

antenna consist of a T-shaped radiating patch. The 

proposed antenna has demonstrated a high impedance 

bandwidth which can be used for microwave 

applications typically used at millimeter wave band of 

42GHz, 51.5GHz and 60GHz, the distinguishing 

performance attributes of designed antenna suggest its 

applications in future 5G wireless networks and cellular 

operations. The patch antenna offers total bandwidth of 

31.5%, high front to back ratio and good gain. The 

particle swarm optimization procedure for optimizing 
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the width and length of rectangular T-shaped patch 

antenna and results of its optimized parameters are 

described. From the graphical results, we can conclude 

that the fitness function value becomes 0 after 30 

iteration. Optimized width found to be 1.5422mm and 

length of patch to be 1.127mm. On the basis of results 

obtained, it can be concluded that the pso can be 

efficiently used for optimization of different parameters 

of antenna.  

 

7. REFERENCES 

[1] Syeda Fizzah Jilani, Akram Alomainy “Millimeter 

Wave T-shaped Antenna with Defected Ground 

Structure for 5G Wireless networks,” Antennas 

and Propagation Conference, Loughborough, 

(LAPC), 2016. 

[2] T. S, Rappaport, J. N. Murdock and F. Gutierrez 

“State of the art in 60GHz Integrated Circuits and 

Systems for Wireless Communications,” Proc. Of 

IEEE, Vol. 99 pp. 1390- 14636, 2011. 

[3] G. Breed, “An Introduction to Defected Ground 

Structures in Microstrip Circuits,” High 

Frequency Electronics 2008.  

[4] J. Pei, A. G. Wang, S. Gao and W. Leng, 

“Miniaturized Triple Band antenna with 

Defected Ground Plane for WLAN/WIMAX 

applications,” IEEE Antennas and Wireless 

Propagation Letters, Vol. 10, pp. 298-301 2011. 

[5] A. A. R. Saad, E. E. M. Khaled and D. A. Salem, 

“Wideband Slotted Antenna with Defected 

Ground Structures,” In PIERS. Suzhou, China, pp. 

1092-1097, 2011. 

[6] M. M. Fakharain, P. Rezaei and A. A. Drouji. 

“Microstrip Antenna with a reconfigurable 

dumbbell –Shaped Defected Ground Plane for 

DCS-1800 and PCS-1900,” IEEE Antennas and 

Propagation Society int. symp. , 2013, pp. 576-

577. 

[7] M. A. Antoniades and G. V. Eleftheriades, “A 

Compact Monopole Antenna with a Defected 

Ground Plane for Multi-band Applications,” In 

IEEE Antennas and Propagation Society Int. 

Symp. , 2008, pp. 1-4. 

[8] X. J. Liao, H. C. Yang and N. Han, “An Improved 

dual band –notched UWB antenna with a 

parasitic strip and a defected ground plane,” In 

Intelligent Signal Processing and 

Communication System Int. Symp. , 2010, pp.1-4. 

[9] S. Jun and K. Chang, “A 60GHz Monopole 

Antenna with a Slot Defected Ground for wigig 

Applications,” In IEEE Antenna and Propagation 

Society Int. Symp. , 2013, pp. 2139-2140. 

[10] Jacob Robinson, Yahya Rahmat-Samii, “Particle 

Swarm Optimization in Electromagnetics,” IEEE 

Transactions on Antenna and Propagation, Vol. 

52, No. 2, pp. 397-407, 2004. 

[11] X. Hu, and R. C. Eberhart, “Multiobjective 

Optimization Using Dynamic Neighborhood 

Particle Swarm Optimization,” Proceeding of the 

IEEE Congress on Evolutionary Computation. 

Honolulu, Hawaii USA, pp. 1677-1681 2004. 

[12] J. Kennedy and R. C. Eberhart, “Particle Swarm 

Optimization,” Proc. IEEE Conference on Neural 

Network, IV. Pp. 1942-1948 Piscataway, NJ, 

1995. 

[13] Falguni Raval, Jagruti Makwana, “Optimization of 

Resonance Frequency of Circular Patch Antenna 

at 5GHz Using Particle Swarm Optimization,”  

Journal of Advances in Engineering and 

Technology  (IJAET), Vol. 1, No. 2. Pp.99-106, 

2011. 

[14] Yutaka Maeda, Naoto Matsushita, “Simultaneous 

Perturbation Particle Swarm Optimization and 

its FPGA Implementation,” IEEE Antenna and 

Propagation Magazines, Vol. 49, No. 4, pp. 34-47, 

2009. 

[15] C. A. Balanis, “Antenna Theory,” 2nd Edition, John 

Wiley and Sons, Inc, New York 1982. 

[16] Abido, M. A., Optimal Design of Power System 

Stabilizers Using Particle Swarm Optimization,” 

IEEE Transaction on Energy Conversion, Vol. 17, 

pp. 406-413. 

[17] Agrafiotis, D. K., and Cedeno, W., “Feature 

Selection for Structure- Activity Correlation 

Using Binary Particle Swarms,” Journal of 

Medicinal Chemistry, Vol. 45, pp. 1098-1107, 

2002. 

[18] Cockshott, A. R., and Hartman, B. E., “Improving 

the Fermentation Medium for Echinocandin B 

Production. Part II: Particle Swarm 

Optimization,” Process Biochemistry, Vol. 36, pp. 

661-669, 2001. 

[19] Fourie P. C., and Groenwold, A. A., “The particle 

Swarm Optimization Algorithm in Size and 

Shape Optimization,” Structural and 



MULTIBAND MILLIMETER WAVE T-SHAPED ANTENNA WITH OPTIMIZED PATCH PARAMETER USING PARTICLE SWARM OPTIMIZATION, A. H. Jabire, et al 
 

 

Nigerian Journal of Technology,   Vol. 36, No. 3, July 2017          909 

Multidisciplinary Optimization, Vol. 23, pp. 259-

267, 2002. 

[20] Ray, T., and Liew, K. M., A Swarm Metaphor for 

Multiobjective Design Optimization,” 

Engineering Optimization, Vol. 34(2), pp.141-

153, 2002. 

[21] Lu, W. Z., Fan, H. Y., Leung, A. Y. T., and Wong, J. 

C. K., “Analysis of Pollutant Levels in Central 

Hong Kong Applying Neural Network Method 

with Particle Swarm Optimization,” 

Environmental Monitoring and Assessment, Vol. 

79, pp. 217-230, 2002. 

[22] Ourique, C. O., Biscaia, E. C., and Carlos Pinto, J., 

“The use of Particle Swarm Optimization for 

Dynamical Analysis in Chemical Processes,” 

Computer and Chemical Engineering, Vol. 26, pp. 

1783-1793, 2002. 

[23] Parsopouos, K. E., Papageorgiou, E.I., Groumpos, 

P. P., and Vrahatis, M. N., “Evolutionary 

Computation Techniques for Optimizing Fuzzy 

Cognitive Maps in Radiation Therapy Systems,” 

In lecture notes in Computer Science, Vol. 3102, 

pp. 402-413, Berlin: Springer, 2004. 

[24] Saldam A., Ahmad, I., and Al-madami, S., “Particle 

Swarm Optimization for Task Assignment 

Problem,” Microprocessors and Microsystems, 

Vol. 26, pp.363-371, 2002.  

 

 

 


