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Fractal antenna geometry can be understood through a
mathematical modelling approach based on Iterated Function
Systems (IFS). By applying repeated affine transformations, complex
self-similar structures are generated from simple initial shapes. Each
iteration increases geometric complexity and effectively extends the
electrical length, resulting in the appearance of additional resonant
frequencies and multiband behavior.

This work aims to demonstrate how recursion and IFS can be
used as a systematic framework for generating antenna geometries
and analyzing their impact on performance.

 The proposed approach is based on the use of Iterated Function

Systems (IFS) to generate fractal geometries and apply them to

antenna design.

A set of affine transformations is defined by :

𝑊 𝑥 = ሪ
𝑖=1

𝑁
𝑤𝑖 𝑥 (1)

𝑤ℎ𝑒𝑟𝑒 ∶ 𝑤𝑖 𝑥 = 𝐴𝑖𝑥 + 𝑏𝑖 (2)

where Ai,​ represents scaling/rotation and bi,​ translation.

• Generation of the Koch Curve:

• geometry through iterative construction.

 Starting from a simple line segment, the IFS transformations are

applied iteratively to obtain a self-similar fractal geometry.

 The Koch fractal geometry is generated through an iterative process,

as shown in Figure 1. This geometry is then applied to the segments of

a square patch antenna (Figure 2).

Along with the required translations, this yields the following IFS

Where: r = 1/3                                                          Figure 1: Generation of the Koch fractal

geometry through iterative construction.

The obtained results demonstrate that the iteration order can be used as a design

parameter, allowing control over antenna characteristics through a mathematical

approach.

The application of the Koch curve to a square patch antenna increases the electrical

length without increasing its physical size, leading to enhanced multiband

performance.

 A square patch antenna is considered as the initial geometry. The segments are

modified using the Koch fractal rule, where each segment is recursively

transformed using affine mappings

Figure 2: Application of the Koch fractal geometry to a square patch antenna, 

illustrating the modification for 2 iterations.

Figure 3: Simulated 𝑆11parameter showing the effect of fractal edge        

modification on antenna performance.

 The simulated 𝑆11 , shows improved performance, with the emergence of new

resonant frequency compared to the initial geometry and a wider bandwidth for the

second iteration.

Using IFS, the Koch curve is generated through recursive transformations, increasing

geometric complexity and electrical length, which directly impacts antenna

performance by introducing new resonant frequencies for multiband communication

applications.
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