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Abstract— This paper presents the design and 

implementation of a 11 element Yagi-Uda antenna using 

aluminum tubing of diameter 10mm with high electrical 

conductivity and reflecting ability. The antenna operates in 

very high frequency (VHF) band covering a frequency range 

of 140 to 150MHz. It has a gain of 10.7 dB and a maximum 

coverage distance of about 340 kilometers. It was 

constructed as a prototype VHF amateur antenna and tested 

with different amateur radio station. Measurement result 

shows that the antenna works well and can be used as a 
reliable and cost effective homebrew amateur VHF 

Antenna. 
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I. INTRODUCTION 

Communication is connecting people and enables us to 

exchange information, ideas, experience, and convey 
message using understood sign, symbol, or language. Radio 

communication is conveying information and message 

across space using radio waves. Radio communication 

system sends signals with radio equipment to communicate 

with other station. Radio communication includes 

telephony, radiobroadcast, television, satellite, cellular 

technology, GPS, navigation, radar, digital radio, remote 

sensing technology, and any radio control devices. Drone 

technology heavily relies on the radio communications. In 

order to send signals through air waves, the radio 

equipment’s needs a good antenna to radiate the signal. 

An antenna is an electrical device which converts electric 
currents into radio waves. It is connected to a radio 

transmitter or receiver. In transmission, a radio transmitter 

applies an oscillating radio frequency electric current to the 

antenna's terminals, and the antenna radiates the energy 

from the current as electromagnetic or radio waves. In 

reception, an antenna intercepts some of the power of an 

electromagnetic wave in order to produce a tiny voltage at 

its terminals that is applied to a receiver to be amplified. An 

antenna can be used for both transmitting and receiving 

(ARRL 1999). 

A Yagi-Uda antenna, is a directional 
antenna consisting of multiple parallel dipole elements in a 

line.  It consists of a single driven element connected to 

the transmitter or receiver with a transmission line, and 

additional parasitic elements called reflector and one or 

more directors that can significantly increase the 

antenna's directivity and gain. The Yagi-Uda was invented 

by Shintaro Uda and Hidetsugu Yagi in 1926.  This antenna 

is classified as beam antenna, and are widely used on 

the HF, VHF and UHF bands.  Yagi-Uda antenna consist of 

reflector, feeder and directors. The reflector is longest of all 

elements and blocks radiations in one direction. Feeder or 

driven element is fed with the signal to be transmitted, 
directly from transmission line and directors are usually 

more than one in number and are responsible for 

unidirectional radiations. 

According to Gupta (2014), there is no limit on 

number of directors, however, as the number of directors are 

increased beyond a certain limit there is a reduction in the 

induced current in the most extreme elements. An incoming 

field induces resonant currents on all the antenna elements 

which causes parasitic (reflector and directors) elements to 

re-radiate signals. These re-radiated fields are then picked 

up by the feeder element that makes total current induced in 
the feeder equivalent to combination of the direct field input 

and the reradiated contributions from the director and 

reflector elements.  

VHF Directional Antenna is not easily found on the 

Philippine market. Supplies of this kind of antenna are 

ordered from manufacturers aboard especially from Japan, 

Europe, and the United States of America. Imported 

Directional Antenna cost between P7,000 – 20,000 

depending of the dB gain and materials used. Amateur radio 

operators joining DXpedition contest homebrew directional 

antenna but the more they add up expected dB gains the 
longer the antenna. With longer antenna, it is very hard to 

transport to DXpedition places like top of mountain and 

remote places and even remote islands. Another problem of 

the Yagi is that it is narrowband by nature——it can really 

only work well at or near one frequency. 

II. DESIGN CONSIDERATION 

Using aluminum tubing of diameter 10mm was chosen and 

used to make the elements. This choice was made for that it 
is the most common type of antenna element in the area and 

high electrical conductivity and also resistance to corrosion. 

The use of 1inch square aluminum boom is necessary to 

make the antenna rigid and sturdy. Metal screw are used to 

fasten the elements on the boom and the use of non-metallic 

plastic element holder was implemented to isolate the two 

dipole driven element on the boom. With the use of 

commercial roofing sealant to seal the connection of the 

feed line to the dipole. 

III. PERFORMANCE ANALYSIS 

Using 4NEC2 software to simulate the radiation pattern and 

other performance criteria of the antenna. The dimension 

use for this simulation is the dimension from the results 

using the dimension of a usual general Yagi antenna and 

modifying it with 2 dipole as a driven element. The result 

gives an outstanding 10.7 dB. 
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Configuration of the Yagi Antenna- feed with 2 dipole and a 

stub match 

 
The 4NEC2 software analysis of the antenna 

IV. OPTIMIZE PERFORMANCE OF THE ANTENNA 

To optimize the performance of the antenna, 4NEC2 
optimization program was implemented to get the maximum 

performance of the antenna by changing the dimension of 

the width of the system. 

 
Vertical radiation pattern of the antenna 

 
Horizontal field patter of the antenna 

V. IMPLEMENTATION PROCEDURE 

The antenna was constructed using aluminum tubing with a 

10mm diameter for the element, 1” x 3’ aluminum boom,  

hacksaw for cutting the materials, gimlet for drilling holes, 

metal screw for fastening the elements to the boom, 

measuring tape, 50-ohm coaxial cable as transmission line 

and feeders to house the terminals. The elements were first 

measured, cut to the design length. Drilled 2 holes at the 

center of the element. Attached using 2 metal screw to the 

boom with the design spacing.  Drilled 2 holes for the 
matching stub and attached to the tail of the boom. Attached 

the 2 plastic insulators for the 2 dipole as driven element of 

the antenna. Attached the 4 half dipole to each end of the 

plastic insulator with metal screw and connect the 4 dipole 

with a 75 ohms 20 cm twin wire in a crisscrossed direction. 

Attached the feed line to the main director with the positive 

line facing upward. Drilled hole at the midpoint of the boom 

for the attachment of the boom holder with the mast.  With 

the feeders in place, cover the connection of the feeder with 

water proofing sealant as not to introduce corrosion and rust 

in the connector. Finally, the coaxial cable from the feed 
point is connected to a VHF Transmitter Radio.  

  
75 ohms twin lead wire 

connected the driven element 

Stub match to adjust for the 

optimum SWR 

 
RG58 coaxial cable to connect for the feed line to trans 

receiver 
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VI. TESTING AND RESULTS 

1) The antenna was tested using standard VHF radio and 

signal was compared with other antenna such as 9 

Element Gamma Match Yagi and F23 Antenna for 

comparison. SWR reading were also recorded and 

analyze. 

2) The antenna is tested first by getting the SWR reading 

to get the optimized performance in terms of receive 

and transmit capability. The SWR reading of the 

antenna was then tested using Antenna Analyzer.  The 

result gives a promising and positive data. 

  
Test for SWR 

and Impedance 

The SWR reading on corresponding VHF 

Frequency 

3) Signal Strength and Clarity of the transmission. 

Audio quality and the signal strength were then tested with 

conversation with other radio operation from different 

location. The antenna is installed at 3 different Amateur 

Radio station in Virac, Catanduanes with grid locator 

PK23CN and  PK23CO. 

 
Antenna set up at DU4DXT Home Station with grid locator 

PK23CO 

Signal strength and audio quality test from Station 1 

PK23CN 

Location 
Frequency 

(Mhz) 

Distance 

(Km) 
RST 

San Andres, 

Catanduanes 
145.580 16 5/9 

Cagraray Island, 
Albay 

145.580 48 5/9 

Malilipot, Albay 145.460 60 5/9 

Sto Domingo, Albay 144.160 62 5/9 

Naga City 145.580 108 5/5 

Goa, Camarines Sur 146.870 80 5/5 

Magallanes,  

Sorsogon 
146.170 93 5/5 

Roxas, City 144.880 274 5/4 

Sagay City 144.880 314 5/9 

Batangas City 144.880 343 5/5 

Guinangan, Quezon 144.880 194 5/5 

Masbate City 144.880 149 5/5 

Signal strength and audio quality test from Station 2 – 

PK23CO 

Grid Locator/ Location 
Frequency 

(Mhz) 

Distance 

(KM) 
RST 

San Andres, Catanduanes 145.580 16 5/9 

Cagraray Island, Albay 145.580 48 5/9 

Goa, Camarines Sur 146.870 80 5/5 

Magallanes,  Sorsogon 146.170 93 5/5 

Roxas, City 144.880 274 5/4 

Batangas City 144.880 343 5/5 

Signal strength and audio quality test from Station 3 – 

PK23CO 

Location 
Frequency 

(Mhz) 

Distance 

(KM) 
RST 

Cagraray Island, Albay 145.580 45 5/9 

Goa, Camarines Sur 146.870 78 5/5 

Magallanes,  Sorsogon 146.170 90 5/5 

Roxas, City 144.880 274 5/4 

Masbate City 144.880 149 5/5 

Catarman, Northern 

Samar 

145.580 136 
5/5 

Comparative performance with other antenna installed at 

Station 3 – PK23CO using the same Trans receiver on 

readability and signal strength  

Operator 

Station 

Distance 

(KM) 

9 Elem 

Yagi 

(2- 

Dipole) 

F23 

antenna 

9 Elem Yagi 

(Gamma 

Match) 

1 45 5/9 5/9 5/9 

2 78 5/5 5/4 3/3 

3 90 5/5 5/4 3/2 

4 120 5/5 4/3 2/1 

5 136 5/5 4/3 2/1 

6 274 5/5 4/1 * 

 
Ranges of transmission of the antenna 

VII. CONCLUSION 

Results of tests have shown that the 11 Element Yagi-Uda 

antenna has a high dB gain compared to commercially 
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available Omni antenna. It is reliable and effective for 

transmitting radio signal when properly design and 

constructed. The antenna is cheap to construct and uses 
materials that are locally available and even use materials 

from scrap aluminum from junkshops. It serves as a good 

substitute to commercially available antenna for amateur 

use. The design of the antenna is good for distant 

communication and distant competition because of its high 

gain receive in forward direction. 
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