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ABSTRACT 

 
Wireless communication has a tremendous growth over the past few decades, but with the increasing 

demand to transmit high quality data, antennas with wide bandwidth are required. Multiband antennas are 

a solution to this problem, but they cannot cover a large number of bands, antennas with compact size 
which are designed to operate for the entire frequency band of a given system are desirable in such a 

scenario. Hence, a Log-Periodic Dipole Array (LPDA) antenna has been designed to obtain a relatively 
high amount of gain 12 dBi, this is above the usual LPDA antenna. This is as a result of employing a 

technique of design where a significant number of elements of the antenna are made to operate together at 

a given frequency; this was achieved by placing the elements in a close proximity throughout the boom of 
the antenna. A 4NEC2 Antenna Modeller software was used for the design and simulation of the antenna. 

The antenna was designed to operate in the UHF region thereby making it suitable for Global Positioning 

Satellite (GPS) reception. The frequency of its operation lies between 1227MHz and 1576MHz. The 
spacing constant, σ and length constant, τ are 0.183 and 0.964 respectively. 

Keywords; Antenna, Array, Frequency, Radiation,   

1. INTRODUCTION 

1.1 Log-Periodic Dipole Array 

(LPDA)Antenna 

LPDA antenna is a broadband, multi element and 

a directional antenna which gives a wider 

bandwidth compared to other antennas. It is 

linearly-polarized with a moderate gain of about 4 

to 8 dBi and a good dispersion capability. It has a 

3dB beamwidth between 80° to 160° along the H 

plane and 60° to 80° along the E plane. Because 

of its wide bandwidth, it has found applications in 

so many projects dealing with multiple frequency 

range (Balanis, 2005; Bahera, 2011).  

LPDA antennas are used in TV/Radio broadcast, 

electromagnetic compatibility (EMC) tests etc. In 

this work, an LPDA antenna is designed to achieve 

a gain of 12 dBi for effective GPS application. 

The primary function of an antenna is to couple 

Radio Frequency (RF) to free space at the 

transmit end and to retrieve it at the receive end, 

losing as little power and as possible. Therefore, 

it can be said to be an interface device (Balanis, 

2005; Bahera, 2011; Marten 2002). 

A LPDA antenna is a broadband, multi element, 

directional, narrow-beam antenna that has 

impedance and radiation characteristics that are 

regularly repetitive as a logarithmic function of 

the excitation frequency. The lengths and spacing 

of the elements of LPDA antenna increase 

logarithmically from one end to the other. This 

antenna design is used where a wide range of 

frequencies is needed while still having moderate 

gain and directionality (Hamidi, 2012; 

Thallapelli, 2012). 

1.2 LPDA Antenna Parameters  

For proper understanding of antennas and their 

modes of operations, knowledge of some 

fundamental geometric and radiation properties of 

antennas are required. Some of these properties 

are discussed below; 

Beamwidth: The beamwidth of an antenna is a 

very important figure of merit and often is used as 

a trade-off between it and the side lobe level; that 

is, as the beamwidth decreases, the side lobe 

increases and vice versa. The beamwidth of the 

antenna is also used to describe the resolution 

capabilities of the antenna to distinguish between 

two adjacent radiating sources or radar targets 

(Rodrigo, 2010).  

Radiation Intensity: Radiation intensity in a 

given direction is defined as the power radiated 

from an antenna per unit solid angle. The 

radiation intensity is a far-field parameter. It can 

be obtained by simply multiplying the radiation 
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density by the square of the distance as in 

equation (1) (Rodrigo, 2010; Thallapelli, 2012). 

 

U =r
2
ω (rad)   (1) 

 

Where:U is the radiation intensity,r is the distance 

andω is the radiation density. 

 

Directivity: Directivity of an antenna isdefined as 

the ratio of the radiation intensity in a given 

direction from the antenna to the radiation 

intensity averaged over all directions. The 

average radiation intensity is equal to the total 

power radiated by the antenna divided by 4π. If 

the direction is not specified, the direction of 

maximum radiation intensity is implied.” In other 

words, the directivity of a non-isotropic source is 

equal to the ratio of its radiation intensity in a 

given direction over that of an isotropic source 

(Balanis, 2005; Lusekelo, 2013). 

Gain:Antennagain is the relative measurement of 

an antenna’s ability to direct or concentrate the 

radiated signal emitting from it. Gain is measured 

in dBi (decibels relative to an isotropic radiator) 

or dBd (decibels relative to a dipole radiator) 

(Lusekelo, 2013; Marten, 2002). 

Bandwidth: (sometimes just referred to 

as impedance bandwidth) refers to the range of 

frequencies a given Return Loss can be 

maintained.  Since Return Loss is a measurement 

of how much power the antenna accepts from the 

transmission line, the impedance of the antenna 

must match the impedance of the transmission 

line for maximum power transfer.  However the 

impedance of the antenna changes with 

frequency, resulting in a limited range that the 

antenna can be matched to the transmission line.  

The Bandwidth is a measure of this range.  It is 

typically paired with a given return loss or VSWR 

value; for example 10dB return loss bandwidth of 

260MHz. (Bahera, 2011; Thallapelli, 2012). 

Polarization: Polarization is an important factor 

for radio frequency (RF) antennas and radio 

communications in general. Both RF antennas 

and electromagnetic (EM) waves are said to have 

a polarization. For the EM wave the polarization 

is effectively the plane in which the electric wave 

vibrates. This is important when looking at 

antennas because they are sensitive to 

polarization, and generally only receive or 

transmit a signal with a particular polarization. 

For most antennas it is very easy to determine the 

polarization, it is simply in the same plane as the 

elements of the antenna. So a vertical antenna (i.e. 

one with vertical elements) will receive vertically 

polarized signals best and similarly a horizontal 

antenna will receive horizontally polarized 

signals. (Poole, 2016). 

Input Impedance: Input impedance is defined as 

“the impedance presented by an antenna at its 

terminals or the ratio of the voltage to current at a 

pair of terminals or the ratio of the appropriate 

components of the electric to magnetic fields at a 

point.” In antenna design, we are primarily 

interested in the input impedance at a pair of 

terminals which are the input terminals of the 

antenna (Balanis, 2005). 

 

2.0 MATERIALS AND METHOD 

 

2.1 Design of LPDA Antenna 
‘4NEC2’ is a numerical EM code based antenna 

modeller and optimiser designed by Arie Voors. 

The software mainly works for wire antenna 

structures and is highly recommended for 

prototype antenna designs. The 4NEC2 was used 

for the design of a 15-elemnet LPDA antenna, 

using standard design formulae. Appropriate 

mathematical calculations were made for the X, 

Y and Z coordinates of each element of the 

proposed LPDA antenna. 

a) Design Specifications 
Highlighted below are the specifications for the 

proposed LPDA antenna: 

i. The LPDA antenna has 15 elements and it is 

to operate within a frequency range of 

1227MHz – 1576MHz. 

ii. The feed point impedance is approximately 

50Ω at selected resonant frequency. 

b) Design Calculations 
Elements diameter is = 0.001m  

Length, L1 is /2=12.2cm, longest element  

Length, Ln is /2 = 9.5cm, shortest element 

C = 3x10
8
m/s, 

f1 = 1227MHz,  

f2 = 1576MHz  

The speed of light (which is same as speed of 

electromagnetic waves), is given by 

C = f  (2) 

 

Where:  = Wavelength,  = frequency of 

operation. 
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Equation (2), shows the relationship between the 

speed of electromagnetic wave, the wavelength 

and the frequency. 

Antenna feed point is at the centre of fifteenth 

element and has 5 segments.                   

c) Design Procedure 
The basic and main arrangements of the 

animated two wire line LPDA antenna is shown 

on plate 1. The elements of the array are dipole 

antenna with 180° phase shift arrangement. The 

length and distance between the elements can be 

increased or decreased by the following formulae 

in equations (3) and (4) respectively. 

 
Plate 1: LPDA Antenna Two Wire Feeder Line 

(http://www.radartutorial.eu). 

 

Ri+1 = σ.Ri   (3) 

 

Li+1 = τ.Li   (4) 

 

Where, R is the space between elements, L is the 

length of elements, Τ is a design constant called 

periodicity, and σ is a relative spacing of 

elements. 

 

The two element support booms act as a twin 

line feeder. The required 180
o
 phase shift is 

implemented by attaching the elements 

alternately to the first and second boom as seen 

on plate 1. The formulae in equations (3) and (4) 

and a graph on plate 2 have been used for the 

antenna design. This section shows a step by step 

design procedure.  

The design input parameters are: the nominal 

input resistance (R0), VSWR, the desired gain 

(G) relative to isotropic radiator and frequency 

range expressed as (f1) 1227MHz as the lower 

frequency and (f2) 1576MHz as the upper 

frequency. The bandwidth of the antenna is B= f2 

-f1.  

From our specifications, G = 12dBi, f1 = 

1227MHz and f2 = 1576MHz. 

The τ and σ can be found using the curve shown 

on plate 2. These two variables are dependent on 

the gain the designer wants to achieve. The 

required gain, G is selected on the curve and the 

intersecting straight line gives the value of τ and 

σ.  

 
Plate 2: LPDA Gain, σ and τ Graph 

(http://glendash.com) 

 

The active region bandwidth, structure 

bandwidth, number of dipole elements and 

lengths of dipole are found using the formulae in 

equations 5, 6 and 7. 

 

   (5)   

 

    (6) 

 

                (7)           

 

Where: τ = periodicity (Length constant),σ = 

Spacing constant, Bar = Active region 

bandwidth, Bs = Structure bandwidth, N = No of 

elements used. 

 

The following were obtained: τ = 0.964, σ = 

0.183, Bar = 1.3029, Bs = 1.673 and N=15. 

Table 1: Lengths and Spacing between Each Element 

 

Element 

(S/N) 

Length (Li) Spacing (Ri-

Ri-1) 

1 61 0 

2 59 45 

3 57 88 

4 55 130 

5 53 170 

6 51 208 

7 49 246 

http://glendash.com/
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8 47 282 

9 46 316 

10 44 349 

11 42 382 

12 41 413 

13 39 443 

14 38 471 

15 36 449 

 

 

Table 2: Spacing, Length and Height of the Antenna 

 

Tag Seg X1, X2 Y1, -Y2 Z1, Z2 

1 15 0 -0.061 0 

2 13 -0.045 -0.059 0 

3 13 -0.088 -0.057 0 

4 13 -0.130 -0.055 0 

5 13 -0.170 -0.053 0 

6 11 -0.208 -0.051 0 

7 11 -0.246 -0.049 0 

8 11 -0.282 -0.047 0 

9 9 -0.316 -0.046 0 

10 9 -0.349 -0.044 0 

11 9 -0.382 -0.042 0 

12 5 -0.413 -0.041 0 

13 5 -0.443 -0.039 0 

14 5 -0.471 -0.038 0 

15 5 -0.499 -0.036 0 

Table 1 presents the length and spacing between 

elements while table 2 presents spacing, length 

and height of the antenna. X1 and X2 have the 

same values (X1 = X2), so are Y1 and Y2 but Y1 

is negative and Y2 is positive (Y1 = -Y2). The 

radius for each element is 0.001m for all wires.      

d) Design Implementation 

This section presents how the design was 

implemented in the 4NEC2 simulator software. 

Plate 3 shows the Main Window of the 4NEC2 

Software. 

 

 
 

Plate 3: 4NEC2 Main Window. 

The first to appear whenever the 4NEC2 is 

launched is this main window. It allows the 

designer to choose the type of “Editor Window” 

he wants to use. In this design, NEC editor (new) 

was selected. The physical geometry values of 

the antenna wires in table 2 were inserted into 

the tables of the selected editor as shown on plate 

4. 

 
 

Plate 4: Inserted physical geometry values of the 

antenna wires on NEC editor. 

The frequency of operation has been set at 

1227MHz and the “nature of ground” selected 

was free space in the “Frequency/ Ground 

window” of the NEC editor (new) window as 

shown on plate 5. 
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Plate 5: Frequency/Ground Selection. 

The feed of the antenna was selected as voltage 

source and was placed on the fifteenth element at 

segment 3, feeding each element at 180
0
 phase 

difference. 50Ω was the impedance of the 

antenna as was selected in the “Source/Load 

window” of the editor. Plate 6 shows the feed 

and impedance selection window. 

 

Plate 6: Source/Load window. 

The fully designed antenna can be viewed in the 

“geometry view window” on plate 7 or in the 

“3D viewer window” on plate 8 of the 4NEC2 

software. 

 

Plate 7: Geometry View of the LPDA Antenna. 

 
 

Plate 8: 3D View of the LPDA Antenna 

 

2.2 Simulation 

After all the antenna parameters were inserted 

into the 4NEC2 simulator and the design was 

viewed in the various viewer editors, the proper 

simulation was carried out to see how the 

antenna behaves with the stated specifications. 

Plates 10a and 10b are the pictorial presentations 

of the simulation from the simulator software. 

From the “NEC editor (new) window”, the input 

data was saved and a “Run Nec” button was 

clicked then a pop up window appeared which 

displayed three options which is shown on plate 

9. These options are: 

- Far field pattern  

- Frequency sweep 

- Near field pattern  
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Plate 9: New output data (Run Nec) 

From plates 10a and 10b, we can see three 

important parameters of the antenna, and these 

are: The radiation pattern of the antenna, the 

gain, beamwidth and front to back ratio (F/B).  

The radiation pattern is a graph of the magnitude 

of radiated power against angle. The gain 

obtained is 12.3dBi, 50° beamwidth and 27.8dB 

F/B. 

We can also determine the directivity of the 

antenna from the plot by a simple calculation, to 

calculate this; we take the horizontal and vertical 

beamwidths of the antenna and then divide 

41,253, where 41,253 is the number of square 

degrees on a surface of a sphere, i.e 

 

 

Beam Area, ( )        (8) 

 

Where,  = vertical beamwidth and = 

horizontal beamwidth. 

 
 

 

 
 

Plate 10a: Far Field Vertical View 

 
Plate 10b: Far Field Horizontal View 

 

From Plate 9a and 9b,  =  = 50° , 

Therefore, ΩA = 50 x 50 = 2500 

From the answer obtained, we can now find the 

Directivity. 

Directivity, D = 41,253/ ΩA,D = 41,253/ 2500 = 

16.5. In decibels, D = 12.3dBi. 

3.0 RESULTS AND DISCUSSION 
 

Below are the results obtained and their brief 

discussion. The frequency sweep function shown 

on plate 11, is a function in the simulator 

software that compares the results obtained from 

the design for the given range of frequencies. 

Here, we are going to see the gain, VSWR, 

reflection coefficient, F/R and others parameters 

of the antenna within a frequency of 1227MHz 

and 1576MHz. 
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GAIN: The plot in figure 1 shows how the gain 

of the antenna varies with the varying frequency 

values. It can be seen, as the frequency shifts 

from the initial value of 1227MHz towards 

1576MHz, there was a slight and noticeable 

decrease in the gain, from 12.3dBi to about 

9.8dBi. However, within this frequency range, 

the gain is still considerable high and sufficient 

for a GPS application.  

And this had been achieved because the number 

of elements operating in the active region was 

increased significantly. It is known that each 

element of the antenna operates at a particular 

frequency. For this reason, placing elements 

closely and having a very small “length 

increasing factor” τ, allows a significant number 

of the elements to operate at the same time for a 

given frequency thereby increasing the gain of 

the antenna.  

 
Plate 11: Frequency Sweep Function 

 

 
 

Figure 1: Gain Plot 

VSWR: VSWR is a measure of impedance 

matching of loads to the characteristic 

impedance of a transmission line or waveguide. 

A successful match is obtained when the VSWR 

is 2 or below. It can be seen from the plot in 

figure 2, the VSWR remained below the value 2 

for the given range of frequencies, indicating that 

the antenna has been well matched with the 

transmission line through the coaxial cable and 

this got rid for the need to attach an impedance 

matching network to the system. 

 
Figure 2: VSWR Plot 

Reflection Coefficient: This is a parameter that 

describes how much of an electromagnetic wave 

is reflected by an impedance discontinuity in the 

transmission medium. It is equal to the ratio of 

the amplitude of the reflected wave to the 

incident wave, with each expressed as phasor. 

Since the antenna had been matched well with 

the transmission line, the reflection coefficient 

plot in figure 3, shows that the significant 

amount of electromagnetic waves incident on the 

antenna were collected by the antenna. 
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Figure 3: Reflection Coefficient Plot 

Front to Back Ratio (F/B): As was seen earlier, 

F/B ratio is the ability of a unidirectional antenna 

to concentrate its radiation or response in its 

favoured direction. Figure 4, shows the variation 

of the F/B as the frequency varies within its 

given range. The point of maximum F/B is 

around 1300MHz from the plot. For front to rear 

ratio, the point of maximum value is around 

1227MHz.Impedance: Figures 5a and 5b shows 

the impedance of the system for both the 

Resistance, R (Ω) and the reactance, X (Ω). 

 

 
Figure 4: Front to Back Ratio. 

 

 
Figure 5a: Impedance Plot. 

 

 
Figure 5b: Impedance/Phase Plot. 

 

The impedance of the antenna is of two types; 

resistive and reactive. Figure 5a shows the plot 

with values of the resistive impedance in blue 

colour and the reactive impedance in red colour. 

The resistive impedance remains between 50 and 

75Ω for the entire range of the stated frequency. 

For this reason, the system is in no need of a 

matching system and indicates that a successful 

matching was achieved. 
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Near field pattern: The near-field radiation is 

always not the most important factor of 

consideration since the antenna was designed to 

work at far distances from the point of radiation. 

However, the near-field for this design from the 

plot in figure 6 is shown in pink and green for 

the  

highest and lowest radiation respectively. It 

decays very close to the antenna.  

 

 

Figure 6: Near-Field Plot. 

 

 

 

4. CONCLUSION
 

This work was carried out to obtain an increase 

in gain of an LPDA antenna from its moderate 

gain state to a relatively higher value. The LPDA 

antenna is always characterised as having a gain 

between 4 to 8 dBi. In this project, a maximum 

gain of 12.3dBi was achieved. This is due to the 

fact that a reasonable number of elements were 

placed in the active region of the antenna. For 

that, the antenna can be used for an effective 

GPS application with a little amount of loss.  
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