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Abstract: Fractal array antennas are multiband arrays having ultra wide band and space filling 
facility. But Side lobe levels and large number of antenna elements are the major designing 
challenges of these arrays. In this paper, design and analysis of octagonal fractal array antenna is 
investigated with Morse-Thue fractal density tapering technique (MTFDT). Due to the proposed 
technique, a remarkable improvement has observed in Side lobe levels and thinning of the elements 
can also be attained at the various iterations of octagonal fractal array antenna. These arrays are 
analyzed and simulated by MATLAB-15 programming.  
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1. Introduction 

When a meticulous purpose insists superior gain, a fine directive pattern, steerability of the 
main beam, or other concert that a single element antenna cannot afford, an antenna made up of an 
array of discrete antenna elements may offer a clarification to the trouble [1]-[4]. Wide band and multi 
band performance of antennas and antenna arrays plays a crucial job in advanced communications 
and related systems. This type of antenna behaviour can be achieved by both fractal antennas and 
antenna arrays. Like conventional antenna arrays, fractal array antennas are also divided into three 
basic types. They are fractal linear, planar and conformal array antennas. One of the famous fractal 
linear arrays is cantor linear array [5], [6], it was generated with cantor set. Cantor ring array is also 
generated by Cantor set like Cantor linear array, Cantor ring arrays has also been investigated to 
achieve a thinned array and achieve multiple operating frequency bands [7]. Sirepinski carpet and 
triangular antenna arrays are best examples for fractal planar antenna arrays. Wide band and multi 
band performance of fractal antenna arrays can be depend on their number of iterations (P) and 
scaling factor (S). These two key factors can depend on design methodology of the fractal array 
antenna. Concentric circular ring sub array generator is one of the famous design methodologies for 
the generation of fractal array antennas. Using this methodology any polygon shape can be produced. 
Fractal square, triangular, hexagonal, heptagonal and octagonal arrays are finest examples of this 
design methodology [8], [9]. Three dimensional fractal array antennas can also be produced by 
concentric sphere array generators. Menger sponge fractal antenna array, 3-D Sierpinski gasket 
fractal antenna array has generated using this three dimensional methodology [10].  
 

Fractal arrangement of array elements can create a thinned array and achieve multiband 
performance [11]. Current and phase excitations play a very important role in the formation of 
required radiation patterns. Uniform, binomial and triangular are meticulously used current 
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distributions for array antennas [2]. This article investigated octagonal fractal array antenna with 
fractal Morse-Thue distribution of currents. Like fractal shapes, fractal number progressions also 
obeying self-similar nature. A large variety of fractal sequences are available, for this report, a three 
valued fractal sequence proposed by Morse and Thue is considered [12]. The considered series can 
be extended up to infinite set of values. Reports on the application of fractal excitation of current to 
octagonal fractal array antennas are relatively less or no more. In some reports various fractal 
distribution of currents, atomic functional and Fibonacci sequences are considered as current 
amplitudes to reduce side lobe levels in fractal arrays [13]-[16]. The rest of this article organized as 
follows: Section 2 explains the generation of MTFDT technique. Section 3 explains the design equation 
and iteration process of octagonal fractal antenna array. Section 4 discusses the results of proposed 
method and finally conclusion of this article draws in section 5.  

2. Morse-Thue Fractal Density Tapering Technique  

A fractal series is a number sequence which follows the property of self-similarity nature. Fractal 

sequences are also repeats again and again with different values like fractal geometrical shapes. An 

extensive range of fractal sequences are available, this report considered three valued fractal sequence 

proposed by Morse and Thue [12], this cycle can be extended to infinite set of values. Depending on 

this sequence MTFDT technique proposed and applied to the octagonal fractal array antenna. The 

generalized three-valued Morse-Thue fractal sequence is, 

 

0 (Kernel) 

0 1 2 (1st iteration) 

0 1 2 1 2 0 2 0 1 (2nd iteration) 

0 1 2 1 2 0 2 0 1 1 2 0 2 0 1 0 1 2 2 0 1 0 1 2 1 2 0 (3rd iteration) 

0 1 2 1 2 0 2 0 1 1 2 0 2 0 1 0 1 2 2 0 1 0 1 2 1 2 0 1 2 0 2 0 1 0 1 2 2 0 1 0 1 2 1 2 0 0 1 2 1 2 0 2 0 1 2 0 1 0 1 

2 1 2 0 0 1 2 1 2 0 2 0 1 1 2 0 2 0 1 0 1 2 0 1 2----------------------   (nth iteration) 

 

Any Morse-Thue sequence starts with “0”, this is the kernel of that sequence. Generation of the 
sequence should depend on the expansion factor of the sequence. If the expansion factor of the 
sequence is two then first iteration should be “0 1” and the expansion factor of the sequence is three 
then first iteration should be “0 1 2”. In second iteration “0” should be replaced by “0 1 2”, “1” should 
be replaced by “1 2 0” and “3” should be substituted by “2 0 1”. By this progression, series can be 
extended to nth iteration. Of course, this paper cannot show the complete cycle, it is infinite. In this 
paper from first iteration to sixth iteration has considered for excitation of antenna elements of the 
considered fractal array.  

  

3. Design Equation and Geometry of Octagonal Fractal Array Antenna 

In this paper, octagonal fractal antenna array generated by concentric circular ring sub array 

generator is considered. The generalized array factor for fractal array of this type can be expressed as 

[8]: 
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where P signifies number of iterations; it can be extended to infinite set of values. S is the 

scale (or) expansion factor that governs how large the array grows with each recursive application of 

the generating sub array. G.A. represents array factor associated with generating sub array is given 

by [5], 
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where M is the total number of concentric rings; Nm is the total number of elements on the 

mth ring; Imn is the excitation current amplitude of the nth element on the mth ring ;k=2π/λ; rm is 

radius of the mth ring; θ is the angle between positive section of y axis and observation point in space; 

ϕ is the angle between positive section of x axis and observation point in space; ϕmn = 2π(n-1)/Nm; 

αmn is the excitation current phase of the nth element on the mth ring.  Substitute (2) in (1) for the 

resultant array factor of “n” element fractal array generated by concentric circular ring sub array 

generator. Octagonal fractal antenna array is a self-similar two dimensional antenna array as shown 

in Fig.1and array factor is exemplified in (3) and (4). This array can also generated up to infinite 

extent, but in this paper results calculated up to four iterations having same  distance between the 

elements (d= λ/2) [10].   
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ϕn=(n-1)(2π/8)                                                                                  (4) 

 

 
 Stage:1 
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Stage:2 

Figure 1. Octagonal Fractal array antenna for three successive iterations (P=1, 2). [10] 

4. Results and Discussion 

This paper expresses the application of MTFDT technique for the side lobe reduction of 

octagonal fractal array with isotropic antenna elements. The performance of this fractal antenna 

arrays is compared with fully populated octagonal fractal antenna array. As mentioned in chapter 2 

and 3, octagonal fractal array generated for four successive iterations (P) with uniform and Morse-

Thue fractal distribution of currents and their array factor behaviour are represented in Figs.2 and 3 

respectively. Figure 2 explains that side lobe level and beam width decreases with each successive 

iterations and wide side lobe level angles achieved at first and second iterations of the fully-populated 

fractal antenna array. Figure 3 depicts that side lobe levels decrease with each successive iterations 

as in the case of fully-populated array but abated side lobes observed than Fig.2 except in the case of 

third iteration. But here better side lobes achieved with nearly same beam width and side lobe level 

angle. Due to the nature of this distribution function nearly one third of the antenna elements 

switched off in each iteration and proposed MTFDT technique with four iterations of octagonal fractal 

array antenna are tabulated in Table 1.   
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Figure 2. Array factor (P=1, 2, 3, 4) of fully-populated octagonal fractal antenna array. 

 

Table 1. Array factor properties of octagonal fractal antenna array with uniform and MTFDT 

technique   
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SLL  

(dB) 
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(Deg.) 
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(Deg.) 

 

SLL 

(dB) 

HPBW 

(Deg.) 

SLL Angle 

(Deg.) 

1 -8.0 20.6 37.0 -∞ 26.4 - 

2 -16.1 7.4 18.0 -21 7.6 18.0 

3 -24.3 3.0 9.0 -23.0 3.0 9.0 

4 -32.5 1.2 4.5 -34.1 1.2 4.2 
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Figure 3. Array factor (P=1, 2, 3, 4) of octagonal fractal array antenna with MTFDT technique 

5. Conclusions  

Octagonal fractal antenna array for side lobe reduction with MTFDT technique have been 
presented. Nearly one third of antenna elements switched off and except in the third iteration side 
lobe level reduced in each iteration than its original counterparts. In the forth iteration of octagonal 
fractal antenna array with MTFDT technique -34.1 maximum side lobe level achieved with very 
narrow beam width of 1.20 and 4.20 of side lobe level angle.  The association shows a momentous 
improvement for side lobe level with significant reduction in the number of antenna elements by 
proposed technique. This will decrease the price of designing the fractal antenna arrays considerably. 

Author Contributions 
V. A. Sankar Ponnapalli wrote the majority of this paper. Structural and technical advice as well as 
editing was provided by P. V. Y. Jayasree.   

Conflicts of Interest:  

The authors declare no conflict of interest.  

References 

1. Ma, M. T. Theory and Application of Antenna Arrays; Wiley Press: USA, 1974. 
2. Robert J Mailloux. Phased array antenna handbook, 2nd ed.; Artech House: Massachusetts, USA; 2005. 
3. Balanis, C.A. Antenna theory-analysis and design, 2nd ed.; Wiley Press : USA, 1997. 
4. Hansen, R.C. Phased array antennas, 2nd ed.; John Wiley & Sons: New Jersey, USA; 2009. 
5. Srinivasa Rao,V.; Sankar Ponnapalli, V. A. Study and analysis of fractal linear antenna arrays. IOSR-JECE 

2013; 5 (2): 23-27. DOI: 10.9790/2834-0522327. 
6. Puente Baliarda, C.; Pous, R. Fractal design of multiband and low side-lobe arrays.  IEEE Trans Antennas 

Propag Mag 1996; 5(5): 730-739. DOI: 10.1109/8.496259. 
7. Jaggard, D.L.; Jaggar, A.L. Cantor ring array. Microwave and Optical Technology letters 1998; 19: 121-125. DOI: 

10.1002/(SICI)1098-2760. 
8. Werner, D.H.; Haupt, R.L; Werner, P.L. Fractal antenna engineering: the theory and design of antenna 

arrays. IEEE Trans Antennas Propag Mag 1999; 41(1): 37-59. DOI: 10.1109/74.801513 
9. Sankar Ponnapalli, V. A.; Jayasree, P. V. Y. Heptagonal Fractal Antenna Array for Wireless 

Communications. Microelectronics, Electromagnetics and  Telecommunications-LNEE Series 2016; 372: 387-394. 
DOI: 10.1007/978-81-322-2728-1_34.   

M
ag

n
it

u
d

e 
(d

B
)

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 7 December 2016                   doi:10.20944/preprints201612.0040.v1

http://dx.doi.org/10.20944/preprints201612.0040.v1


 7 of 7 

 

10. Kuhirun, W. A new design methodology for modular broadband arrays based on fractal tilings. Ph.D. 
dissertation. Pennsylvania State University, Pennsylvania, USA, 2003. 

11. Werner, D. H.; Mittra, R. Frontiers in electromagnetic. Wiley-IEEE Press: New York, USA; 2000. 
12. Morse and Thue, Bounded Fractal Sequences and Tables, OEIS Foundation, 2016. https://oeis.org/A253580. 

(Accessed: 26, Jan., 2016) 
13. Venkata Aditya Sankar Ponnapalli; Pappu Venkata Yasoda Jayasree. Thinning of 2D and 3D fractal antenna 

arrays with bounded and unbounded fractal distribution functions for celestial communications. ETRI J 
2016; 38 (6), 1135-1144. DOI: 10.4218/etrij.16.0115.0847.  

14. XU, F, et al. Antenna array with a given fractal distribution of current. In Proceedings of the IEEE Int Conf 
on Ultra wideband and Ultra short Impulse Signals, Sevastopol, Ukraine, 2012. DOI: 
10.1109/UWBUSIS.2012.6379783.   

15. Vladimir M. Masyuk. Methods for mathematical modelling of fractal antenna arrays. IEEE Int. Conf. on 
Antenna Theory and Techniques, Semstopol, Ukraine, 2003. DOI: 10.1109/ICATT.2003.1239190.   

16. Kravchenko, V.F.; Masyuk, V.M. Application of new weighting functions for design of Two-dimensional 
fractal antenna arrays. MSMW’O4 Symposium Proceedings., Kharkov, Ukraine, June 21-26, 2004. 
DOI:  10.1109/MSMW.2004.1345810.  

© 2016 by the authors; licensee Preprints, Basel, Switzerland. This article is an open access 
article distributed under the terms and conditions of the Creative Commons by 
Attribution (CC-BY) license (http://creativecommons.org/licenses/by/4.0/). 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 7 December 2016                   doi:10.20944/preprints201612.0040.v1

http://dx.doi.org/10.20944/preprints201612.0040.v1

