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Abstract 
 The project undertaken was to construct antennas using fractal 
patterns in order to obtain desired performance properties such as 
compact size and multi-band behaviour. In order to respond to 
rapidly changing environment and market, it is imperative to have 
such capabilities as flexibility, adaptability efficiency for the 
technologies. The new science of fractal geometry offers very 
interesting possibilities for designing small, multiband, and efficient 
antennas for restricted space and has various applications in military 
and defence intelligence. Fractal antenna theory is built, as is the case 
with conventional antenna theory, on classic electromagnetic theory. 
Fractal antenna theory uses a modern (fractal) geometry that is a 
natural extension of Euclidian geometry.Fractal antenna has ability to 
add more electrical length in less volume. Fractal antennas have 
improved impedance, improved SWR (standing wave ratio) 
performance on reduced physical area, when compared to non-fractal 
antenna.  
Keywords: Fractal antenna, multi-band antenna, antenna 
radiation patterns, frequency-independent antennas. 
 

  I. INTRODUCTION 
   In the study of antennas, fractal antenna theory is a 
relatively new area. In modern telecommunication systems, 
antennas with wider bandwidth and smaller dimensions than 
conventional ones are preferred. This has initiated antenna 
research in various directions; one of which uses fractal 
shaped antenna elements A Fractal Antenna or FEA is one 
that has been shaped in a fractal fashion, either through 
bending or shaping a volume, or introducing holes. In order 
for an antenna to work equally well at all frequencies, it must 
satisfy two criteria: it must be symmetrical about a point, and 
it must be self-similar, having the same basic appearance at 
every scale: that is, it has to be fractal. As a solution to 
minimizing the antenna size while keeping high radiation 
efficiency, fractal antennas can be implemented.A circular 
disk monopole (CDM) is known for its low VSWR over ultra 
wide bandwidth (UWB) and widely been used in UWB 
communication .It must be symmetrical about a point, and it 
must be self-similar, having the same basic appearance at 
every scale, that it has to be fractal. The benefits depend on 
the fractal applied, frequency of interest, and so on. In general 
the fractal part produces 'fractal loading' and makes the 
antenna smaller for a given frequency of use. Practical 
shrinkage of 2-4 times are realizable for acceptable 

performance. Surprisingly high performance is attained. 
Multiband behaviour is manifest at non-harmonic frequencies, 
while some bands are broadened. At the higher frequencies 
the FEA is extremely and naturally broad band and can be 
made frequency independent without a log periodic geometry. 
This study takes us into the mysterious world of invisibility 
cloaks, using fractal antennas and resonators to make it work. 
For maximum shrinkage for a given performance, only 
fractals promise to meet the demands of modern antennas. 
Some key benefits of fractals are: 
 
■ Very broadband and multiband frequency response that 
derives from the inherent properties of the fractal geometry of 
the antenna 
 
■ Compact size compared to antennas of conventional 
designs, while maintaining good to excellent efficiencies and 
gains 
 
■ Mechanical simplicity and robustness; the characteristics of 
the fractal antenna are obtained due to its geometry and not by 
the addition of discrete components 
 
■ Design to particular multi-frequency characteristics 
containing specified stop bands as well as specific multiple 
pass bands  
 
Fractal antenna maximizes the number of dipole or cross 
sectioned antenna present on the antenna itself, they look like 
a cross made of metal. With each end meeting its own dipole, 
Each side of the cross also has two dipoles meeting before the 
major dipole while an additional dipole is included on each of 
the side after the major dipole. 

II. FRACTAL ANTENNA 
As we know that fractals have been studied for about a 
hundred years and antennas have been in use for as long. 
Fractal antennas are new on the scene. Nathan Cohen, a radio 
astronomer at Boston University, was a fractal antenna 
pioneer who experimented with wire fractal antennas (von 
Koch curves) and fractal planar arrays (Sierpinski triangles). 
He built the first known fractal antenna in 1988 when he set 
up a ham radio station at his Boston apartment. Cohen, 
founder of Fractal Antenna Systems is now working with the 
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Amphenol T&M Antennas, located in a Chicago suburb, to 
make cellular antennas for Motorola cellular phones. In 
Motorola’s application, the fractal arrays have proven to be 
25% more efficient than the conventional helical antenna 
(rubber-ducky).In antenna engineering, a dipole is the most 
basic type of antenna and serves a basic framework for all 
other antenna .Dipoles consist of a metal that act as a 
conductor with a radio feed line at its core. 
                          
  Table :-( 1) 
 

Feature Advantage Benefit 

 
Wideband/Multiband Instantaneous 

spectrum access 

 

Use one 

antenna 

instead of 

many 

 
Compact More design and 

use versatility 

 

 
Lower cost 
and enhance 
desirability 

 
Fractal loading  Added inductance 

and capacitance 
without 

components 

 

 
Enables small, 
efficient, 
reliable 
antenna 

 
Fractal ground 
plane/counterpoise 

Smaller ,multiband 

 

Great 
versatility, 
new 
packaging 
option. 

 
Low mutual coupling Close packing of 

antenna 

Small array 
with excellent 
steerability 

 

III. TYPES OF FRACTAL ANTENNA    
There are so many types of fractal Antenna. Some of them are 
as follows: 

a.) Sierpinski Gasket Fractal. 
b.) Log periodic Fractal Koch Fractal. 
c.) Circular Fractal Antennas. 

 
 

 
 

       Sierpinski Gasket Fractal 
 

 
 
 

 
Log periodic Fractal Koch Fractal 

 
 

 
 

Circular Fractal Antenna 

             

IV. ADVANTAGES 
Fractal antennas are deployed in many situations, few are not 
readily apparent visually, nor are it common knowledge that 
they are being used. Nonetheless, it is important to understand 
where the advantages lie in existing and future uses. 
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In electronic warfare, disrupting communications is a daunting 
task because of the plethora of frequency ranges available to a 
hostile foe. Most other antennas are not wideband but multiple 
band compromises that prevent allowance for future capability 
when the environment changes. In this application, the 
wideband capability of fractal antennas allows smaller 
antennas that have from 10:1to 200:1bandwidths that can 
handle moderate to high power. This allows fewer antennas to 
meet extant and future threats. 

V. APPLICATION OF FRACTAL ANTENNA 
 

a.)Multilevel Advanced Antennas for Motor Vehicles:  
 
This application relates to an antenna for a motor vehicle, 
having the following parts and a transparent windshield 
covered with a transparent, optically conductive plate on at 
least one side of any of the window material plates.A 
multilevel structure printed on the conductive plate. The 
multilevel structure consists of a set of polygonal elements 
pertaining to one same class, preferably triangles or squares.  
 A transmission line powering two conductors and a similar 
impedance in the power supply point and a horizontal 
radiation diagram in at least three frequencies within three 
bands. 
 

  
The main advantage of this advanced antenna system lies in 
the multi-band and multiservice performance of the antenna. 
This enables  convenient  &  easy connection of  a  simple  
antenna for most communication systems of the vehicle.  
 
b.)Fractal Robots: 
 
Fractal Robot is a science that promises to revolutionize 
technology in a way that has never been witnessed before. 
Fractal Robots are objects made from cubic bricks that can be 
controlled by a computer to change shape and to reconfigure 
themselves into objects of different shapes. 

 
 
- FRACTAL ROBOT MECHANISM 
Considerable effort has been spent in making the robotic cube 
as simple as possible after the invention had been conceived. 
The design is such that it has the fewest possible moving parts 
so that they can be mass produced.  
 
- Computer Control 
Micro controllers are used for communication and internal 
mechanism control, which is located in each individual cubes. 
The function of micro controllers is done by fractals and 
fractal bus. Fractal operating system coverts fractally written 
code into machine commands. 
 
-Applications 
 
 -Fire fighting. 
- Bridge building. 
- Entering buildings. 
- Defence technology. 

 
c.)Invisibility Cloak 
The growing technology fields for fractal antennas and fractal 
resonators have brought a revolution in the field of technology.  
In its latest example of the uses and advantages of fractals, the 
study of fractal antennas and resonators has taken us into the 
mysterious world of invisibility cloaks. Invisibility cloaks, 
popularized in science and fantasy fiction, are devices 
intended to make the ‘object’, or wearer, disappear into the 
background. “The invisibility cloak recently discovered has 
unique characteristics because of the use of fractal approach. 
The invisibility cloak DOES allow the object to look to the 
outside, is wideband, and has minimal shadow and scattering. 
And there is no power needed to make it work .This is exactly 
what the world sees as exciting about invisibility cloak 
research. When the scattered fields from the cloak and the 
object interfere, they cancel each other out, and the overall 
effect is transparency and invisibility at all angles of 
observations. Nathan Cohen and his group who have produced 
many antennas have adapted fractal designs to build wide-
band microwave invisibility cloaks, recently patented. The 
antenna consists of an inner ring, the boundary layer that 
prevents microwaves from being transmitted across the inside 
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of this ring. This is the region that will be invisible to outside 
observers. Surrounding the boundary layer are six concentric 
rings that guide microwaves around the boundary layer, to 
reconverge at the point antipodal to where they entered the 
cloak. 
 
 
 

 
 

 
 

                     

  
Outer Ring of the Cloak 

 

  VI. CONCLUSION 
 

Although a young extension in antenna engineering, fractals 
have already made great strides in expanding design space for 
applications. The path is there as long as the limiting   physics 
are understood and appreciated. The design space for fractal 
antennas affords vast new opportunities in design and 
application. Many  realized  and proven beyond theory. 
Fractal design is slightly modified to overcome the junction 
point nature of the fractal geometry that limits the smooth 
current distribution. The fractal geometry science in this new 
era is proven to be flexible and efficient. Moreover, the 
applications of fractals in various fields has been proposed 
and analysed. The wonder of fractal is overwhelming and 
proves to be beneficial in every field of science and is a 
stepping stone to the development in the high pace technology. 
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