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Abstract

In radio communication, the antenna plays an important role as a radiation element (in
transmitters) the engergy of electromagnetic waves to free space and as an interceptioin one
(in receivers) some of the power of an electromagnetic wave from free space. The directional
characteristics is one of the most fundamential features of the antennas.

Currently, antennas in the UHF frequency band are widely used in digital terrestrial television
Therefore, this paper proposes the trainer model for measuring the directional characteristics
of UHF antennas. The results are applied in teaching, practising the subject of Antenna
Engineering as well as supporting students to understand more deeply the basical
characteristics of some kinds of antennas.
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Tém tit
Trong hé théng théng tin vé tuyén, anten la mot thanh phan quan trong, déng vai tro la thanh
phén phét xa (phia phét) séng dién tir ra khéng gian tw do va thu nhan (phia thu) séng dién tcr
trong khéng gian tw do. Mot trong nhiing déc tinh quan trong nhét ctia anten chinh la déc tinh
phuwong huéng.
Hién nay, anten dai tin UHF dang duoc str dung rong réi trong truyén hinh sé mét dat. Vi vay,
bai bao dé xuét thiét ké mé hinh thi nghiém xéc dinh déc tinh phuong huéng cla céc anten &
dai tdn UHF. Két qué nghién ctru duoc ap dung trong viéc gidng day, thuc hanh thi nghiém
mén ky thuét anten, giup sinh vién hiéu ré hon vé déc trung co ban clia mét sé loai anten
trong thuc té.

Ttr khéa: UHF, antenna, directional characteristics.

1. Overview

The directional characteristics is one of the most fundamential features of the antennas
including UHF antennas. In order to determine the directional characteristics of UHF antennas, firstly,
it is necessary to study the essential equipment to be performed. In addition, it is necessary to
calculate and select specific types of antennas, according to its main physical and electrical
characteristics to ensure emission in the UHF frequency. Besides, antennas must be made of high
conducting material with a chrome coating for ensuring durabitity and fixed on the glass epoxy printed
circuit boards for effortless installing and dismantling.

Moreover, the directional characteristics indicates the relative variation of the radiation field
strength and is expressed by the radiation pattern which can be plotted using polar or rectangular
coordinates. As a result, the proposed trainer model must be designed to support the students in
observing it.

The trainer kit is designed to provide the following experimental content [1]:

- Polar plot and polarization;

- Wave modulation and demodulation;

- Antenna gain;

- Antenna beam width;

- Distribution of current on antennas;

- Front back ratio;

- Antenna matching;

- Measurement of Standing Wave Ratio (SWR);

- Radiation of antenna with distance.
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In order to support student to easily practise, the antenna trainer kit is provided many
features including:

- Integrated, user-friendly trainer;

- Low cost;

- Manual installation in ploting radiation patterns of antennas;

- RF and tone generators are integrated on board;

- Antenna matching stub;

- Antenna characteristics and measurement of Standing Wave Ratio (SWR);

- Transmitting and receiving levels observed on built in digital meters;

- Functional block indicated on board mimics;

- Build in DC power supply;

- Compact design;

- Light weight.

Besides, in this antenna trainer model, for the convenience to plot the polar graph the readings
are plotted after converting them in to dB. A conversion chart is provided. The procedure for
normalizing the readings is also given. Any procedure can be chosen for drawing the polar plot.

2. Setting up the Trainer model of Antennas

Figure 1. Trainer Model of Antennas

The trainer consists of some components as shown in Fig. 1. It consists:

- Main unit: is designed for desktop use with screen print on the front panel showing the trainer
mimic diagram. It includes a RF generator, a modulation generator and a directional coupler as
illustrated in Fig. 2:

oRF generator: in charges of delivering a signal to the antennas during the experiment. The
RF generator operates at a frequency of 750MHz, which reduces the size of antennas.

oModulation generator: provides amplitude ajdustable sine wave (approximately 2Vpp, 1kHz)
for modulation of the RF generator.

oDirectional coupler: allows separate metering of power flowing in the forward direction
(generator to antenna) and the reserve direction (antenna to generator)

ANTERNSI TRAIKER:
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Figure 2. Main Unit of Antenna Trainer Model

- Matching stub: this is a strunk of the transmission line, which is given separately provided
with a slide cursor shortening the line at presetable length from the other end (input).

- RF detector: is used to detect and measure the radiation pattern of the antennas under study.
It consists of a folded dipole antenna as a receiving element and a reflector to reduce possible
disturbance to the measurement due to reflection of waves from objects and laboratory walls behind
the detector as in Fig. 3.
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Figure 3. RF Detector

- Antennas: set of antennas consists 22 different types of antennas.

Besides above-mentioned components, the antenna trainer model also consists other
accessories such as transmitting mast, receiving mast to mount and locate transmitting antenna and
receiving antenna, respectively as shown in Fig. 4 and Fig. 5.

Figure 4. Transmitting mast Figure 5. Receiving mast
3. Methodology of measuring the directional characteristics of UHF antennas
3.1 Set up the trainer model and perform the functional checks

Before implementing any measurements, the trainer model should be set up and functionally
checked. All steps for doing the trainer model set up is follows:

1. Put the main unit on the plane such as the table and connect to the power supply.
2. Adjust the Level Pot of the RF generator to the middle position.

3. Set the switch of the modulation generator to the INT position and adjust the Level
potentiometer to the middle position.

4. Set the switch of the directional couple to the FWD position and adjust the FS ADJ
potentiometer to the middle position.

5. Set up the transmitting mast.
6. Connect to the main unit using cable (25" or 60cm long).

7. Set up the receiver mast. Adjust the distance between the transmitter mast and receiver
mast to gain the optimum radiation at RF detector.

8. Connect the RF detector unit to the receiver mast using cable (25" or 60cm long).

Figure 6. Installation the Trainer model of Antennas
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9. Pivot the stand of the Goniometer to the 0° position towards the RF dectector.

10. Install the dectector antenna on the receiver mast.

11. Pivot counterclockwise direction to put it and transmitter mast into a straight line.

12. Install the folded dipole antenna on the transmitter mast.

13. Pivot counterclockwise direction to put it and receiver mast into a straight line.

14. Turn the main unit ON and check the DPM display of the directional coupler.

15. Connect the adapter to the RF detector, turn it ON.

16. Depending on the position of the level knob setting, several reading should be shown.

17. In case of overloading, diminish it by adjusting the RF detector level potentiometer.

18. Adjust the FS potentiometer of the directional coupler to obtain a 100uA display reading.
After that, adjust the level of the RF detector to obtain % reading on the display of the main unit.

19. Pivot the transmitter antenna from 0° to 360° and perceive the display of RF detector to
obtain the form of radiation pattern.

It is noted that some actions should be taken in order to get the optimum radiation levels at
the RF detector such as: antenna match adjustment, adjusting the RF generator level and adjustment
of distance.

3.2 Mesuring the directional characteristics of various types of antennas

As mentioned in section 2, this antenna trainer model consists 22 different types of antennas.
However, without losing generality, this paper only presents the measurement of the directional
characteristics of typical types of antennas including simple Dipole (A/2) antenna, Yagi-UDA 5E
simple dipole and A/2 phase array antenna.

The following steps are implemented for the directional characteristics measurement with any
types of antennas:

- Plot the polar graph for the transmitting antenna by taking the readings at 5° or 10° intervals
and note the reading of the RF detector display.

- Convert the recorded readings in pA to dB, plot the polar graph for degrees of antenna
rotations in degrees against the readings in dB.

- Plot the radiation pattern of the antenna with the new dB readings as usual.

1. Simple Dipole (1/2) antenna

A simple Dipole is the simplest form of antenna having 2 poles each of halfwave length (1/2)
as illustrated in Fig. 7. The nominal impedance of this antenna is 73 [2]. The actual value departs
from this due to construction constraints, such on non-zero diameter rods, presence of BNC
connector body and the antenna mast. The effect of all this are partially corrected by a "Y match"
arrangement connection.
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Figure 7. The Diagram of Simple Dipole Figure 8. The radiation patterns of simple Dipole
(A/2) antenna (A/2) antenna

The radiation pattern of simple dipole (A/2) is uniform in forward and reverse direction. The
polarization is horizontal. The typical radiation pattern of this antenna is given in the Fig. 8.

2. 1/2 phase array antenna
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