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Abstract: A novel approach to wide-band antenna gain measurement is presented in this article, offering practical solutions to address the
challenges posed by traditional measurement methods. The proposed system enhances efficiency, reduces complexity, and improves accuracy,
making it a valuable tool for antenna testing in research and industry settings. A discussion of the challenges and complexities involved in
measuring the specifications of manufactured antennas is made. We are particularly focusing on wide-band antenna gain measurement. It
highlights the need for special equipment and expertise to conduct these tests effectively, especially for wide-band antennas. The proposed
automated measurement system aims to simplify and streamline the gain measurement process by remotely driving the necessary instruments
and reducing the complexity of the measurement mechanism. The novelty of this new automated measurement system can be divided into two
branches. The first branch improves the standard approach of wide-band antenna gain measurement. The second branch modifies the structure
of the software of the traditional remote access applications by mixing the operational instructions of the instrument with the direct SCPI
commands. The resulting software has the ability to remotely drive many instruments synchronically, reducing the number of experienced people
needed to complete the measurement process.
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1. Introduction instruments, and second, it reduces the complexity of the
measurement mechanism.

Working in an antenna laboratory requires conducting several Traditionally, for the driving process, some instrument
tests to verify the specifications of the manufactured antenna manufacturers have provided the ability to control
(stable wave ratio, frequency range, radiation pattern, antenna measurement  instruments remotely by supporting the
gain.). These tests require the use of a combination of special instruments with remote access technology and providing the
equipment, such as an anechoic chamber, antenna feed cables, required driving software for them. This requires purchasing
radio RF generators, and measuring instruments. Antenna gain of off-the-shelf software and licenses, which increases cost [2],
measurement is a process that requires additional effort and [3]. However, this software may not support some functions
time, especially for wide-band antennas, where it is necessary that are appropriate for the type of test we want. Manufacturers
to measure the gain at a number of frequencies that cover the of measurement instruments have developed the concept of
entire frequency band, and it also requires a modular antenna programmed control of measurement instruments by
or several modular antennas that cover the entire frequency supporting these instruments with “Standard Commands for
band. One of the issues that make this type of test more Programmable Instrumentation” SCPI standard and “Virtual
complex is that it requires tuning several measuring Instrument Software Architecture” VISA standard [4], [5], so
instruments (RF signal generator, spectrum analyzer) and also the user can design a graphical user interface using one of the
requires a distance between these instruments; therefore, we programming languages (C#, Python, Matlab, Labview)
need more than one person experienced in using measurement through which he can control the measurement instruments to
instruments [1]. So, it is necessary to work on automating this suit his requirements [6], [7], [8]. However, this method
process in order to save time and effort and reduce the number requires drivers for the instruments used, and the measurement
of experienced people needed to complete the measurement instruments must be equipped with the required interface
process. o outputs LAN, USB, and GPIB [9]. This paper presents a

The new automated measurement system presented in this proposed structure of the measurement software to solve the
paper improves the gain measurement process in two aspects. problem of the need to have drivers for the used measurement

First, it simplifies the driving process of the needed
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instruments. The proposed structure of the measurement
software is achieved by mixing the operational instructions of
the instrument with the direct SCPI commands of that
instrument so that the instrument can be connected directly via
the RS232 serial port.

Traditionally, a wide-band antenna gain measurement
mechanism requires the use of a modular antenna or many
modular antennas that cover the entire frequency band of the
antenna under test (AUT), which is not always available in the
antenna lab. Our new automated measurement system
modifies the measurement mechanism by eliminating the need
for a modular antenna so that any two identical antennas can
be used.

As a result, a new automated measurement system has been
built that remotely drives two measurement instruments (RF
generator and spectrum analyzer) synchronically and performs
the wide-band antenna gain measurement over its entire
frequency band. Then, the results were stored and calculated
to compare them with the theoretical values on which the
antenna was designed based. The new automated measurement
system saves time and effort and avoids increasing costs by
using relatively old measurement instruments available in the
laboratory and only equipped with an RS232 serial port. Also,
this proposed system reduces the number of experts needed to
achieve the measurement process.

Sections of this paper are organized as follows. In Section
2, the methodology of finding antenna gain and the required
equations are discussed. In Section 3, the proposed structure of
the new software is presented. In Section 4, the experiments
and results are demonstrated and presented. Finally, we present
a conclusion in section 5.

2. Methodology

Wide-band antenna gain measurement requires a modular
antenna with the same frequency band as the antenna under
test (AUT). Fig. 1 shows the scenario of antenna gain
measurement based on a modular antenna [ 1].

AUT Antenna Tx Antenna
) Modular Antenna
Spectrum Analyzer RF Generator

Figure 1. Scenario of antenna gain measurement based on a modular antenna.

The gain of the antenna under test is calculated according to

(1).
M

t

Gr.ap +Grap = 2010%10(%} +10log (%}
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where:

G g: 1s the gain of the transmitting antenna.

G.qp: 1s the gain of the receiving antenna.

P,: is the received power.

P is the transmitted power.

R: is the distance between the transmitting and receiving

antennas.

A: is the wavelength of the radio signal.

Due to the difficulty of having a modular antenna that covers
the entire frequency range of the wide-band AUT, we will
present a method to measure the antenna gain in the absence
of a modular antenna.

2.1. Proposed Approach for Gain Measurement

This approach requires two stages to find the antenna gain. In
the first stage, we use two identical antennas operating on the
same frequency range as the antenna under test. One antenna
is used at the transmitting end, connected with the RF
generator, and fed with a specific power P;. The other antenna
is used at the receiving end and connected with the spectrum
analyzer, the received power P, Because of the
correspondence between the two antennas, we accept that the
gain of the transmitting antenna is equal to the gain of the
receiving antenna, so the Friiss equation becomes (2).

1 47R Dy
G, =—|20lo —— [+10lo, L
dB 2{ glo[ 1 j glO(P, H

Fig. 2 shows using of two identical antennas.

2

AUT Antenna Tx Antenna

Vi i

Spectrum Analyzer RF Generator

Figure 2. Using of two identical antennas.

At this point, an antenna of known gain has been obtained
to be used as a reference antenna. Then, in the second stage,
the experiment is repeated. The antenna under test is fixed at
the reception end, and one of the two identical antennas is fixed
at the transmission end. Then, the scenario in the previous
paragraph is applied. We note that this method requires re-
experimenting twice, and each time, we must scan all the
required points within the frequency range of the antenna. This
process consumes a lot of time and effort because of the need
for more than one person who has experience in working on
measurement instruments. We will automate this process by
designing a graphical user interface through which both the RF
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generator and the spectrum analyzer are synchronically
controlled remotely, and the whole test is done automatically.

2.2. Proposed Structure of the Measurement Software

SCPI is a standard programming language designed
specifically for controlling instruments from an external
computer. SCPI allows building a control application using a
high-level programming language [10], [11], [12].

Programming languages support measurement instrument’s
control through the use of VISA libraries that encapsulate
SCPI commands and send them to the connected instrument
with the computer through various communication ports such
as LAN, GPIB, USB, and RS-232. However, this method
requires having the VISA libraries and installing the drivers
for the used instrumentation [13], [14], [15]. Fig. 3 shows the
structure of the traditional software.

Software Application
VISA Libraty
Physical
Interface GPIB USE
Instrument

Figure 3. Structure of the traditional software.

In this paper, we present a proposed structure of the
measurement software to solve the problem of the need to have
drivers for the used measurement instruments. The proposed
structure mixes the operational instructions of the instrument
with the direct SCPI commands of that instrument, connecting
it directly via the RS232 serial port without the need for VISA
libraries and the instrument’s drivers. Fig. 4 shows the
structure of the proposed software.

From the figure, we can see that the need for VISA libraries
and instrument drivers has been eliminated, and direct access
to the instrument has been achieved.

3. Proposed Architecture of the Automated
Measurement System

The proposed system consists of an RF generator connected to
the transmitting antenna and a spectrum analyzer connected to
the antenna under test. Both devices are connected separately
to the laptop via an RS-to-USB converter connection. Fig. 5
shows the scheme of the automated system.
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Suftware Application
Phystcal
Interface SERIAL
Instrument

Figure 4. Structure of the proposed software (Mixed "direct SCPI" &
"operational instructions").

AUT Anfenna Tx Antenna
Spectrum Analyzer RF Generator
RS23 RS23

PC-Controllsr

Figure 5. Scheme of the proposed automated system.

The instruments used in this system are relatively old
devices, and it is difficult to get the drivers for them. They are
equipped only with an RS-232 serial port interface. This
reduces cost in terms of the possibility of building an
automated system without the need to purchase modern
instruments or even get driver files for them.

The frequency range and the points required to calculate the
gain are determined through the GUI within the computer, and
then the program automatically calculates the gain over the
entire frequency range without the need for more than one
person. It also does not require that the person making the test
be experienced in using measurement instruments. Thus, the
effort and time are greatly reduced.
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3.1. Software Design for the Proposed System

The GUI is designed using C# programming language, through
which both the RF generator and the spectrum analyzer are
controlled after connecting each of them to the computer via

the RS232 serial port. After designing the GUI, it can be

installed on any computer, where the program sends SCPI Connect Instrument=

commands directly to the connected devices without the need

to download any drivers or any of the VISA libraries of these l

instruments and thus the design of the program is simplified.

3.2. Program Flow Chart 5}"5[5!11 Initialization

A graphical user interface "GUI" based on C# programming l

language is built. The GUI controls two instruments (spectrum

analyzer - RF generator). Fig. 6 shows the Flowchart of the -

designed program. l_|.. Set first frequency value to (RF
The process of conducting the measurement requires the Generator & Spbctrllﬂl Analj,-'zsr}

control of the (RF Generator & Spectrum Analyzer) at the Show error

same time, which necessitates attention to the synchronization
between these devices to ensure that the measurement result at
each point of the experiment is correct.

In this program, the use of fixed delays to generate time
delays is avoided. Instead, time delays are generated by
examining the status registers in each instrument using each of
the instructions (*OPC?, *OPC, *WAI). In this way, we can

message

reach the synchronization points at which the instruments are

synchronized. Fig. 7 shows the synchronization diagram of the Fead meazured pOWer o —
designed program.

4. Test and Results l

In this section, the proposed automated system is used to Caleulate oain & draw pl}i.ﬂ[

measure the gain of a printed antenna (antenna under test) - .

operating in the frequency range [2.6, 3.3] GHz. The antenna J‘

gain is measured in two stages: in the first stage, two identical
horn antennas operating at a frequency range [2, 3.3] GHz are
used, and its gain is obtained based on (2).

Set next frequency step to (RE

Then, in the second stage, the printed antenna (antenna Generator & prtﬂlﬂl _-"malj,-'zsr}
under test) is used, where the measurements are taken, and its
gain is calculated using the designed software. l

Using the designed GUI, the user can configure each of the
RF generators and spectrum analyzer remotely, then measure
the received power from the antenna and separately apply (1)
and (2) for each stage to calculate the antenna gain.

For the first stage, the power is plotted on the right side
(dBm) of the GUI, as shown in Fig. 8. Then gain values are
calculated and plotted on the left side (dB) of the GUI, as
shown in Fig. 9. The program also saves these values in an
Excel file so that the user can view the results at a later time.
The results are shown in Table 1.

For the second stage, it measures the received power from
the antenna under test and applies equation (1) to calculate the

gain of the antenna under test at each point within the specified
frequency range and draw these values. Fig. 10 shows the »

If success

If test Completed

graph of the received power from both the horn antenna (first
stage) and the antenna under test (printed antenna).
Figure 6. Flowchart of the designed program.

75



Time >
Waiting for
Trigger :
Command Basic Trigger ' Sffndmg the
Processing in lnitiization | | goprigg || Setting E (O :cquisition Waveform
RF Generator A
! |
- Bl P E g B || Fetchineth
Action in ' 7 el ! - stehing the
o E K RE Id....... 5 E < Td....... g Waveform
=g 2 i i =
IR E g al
8 : )
5 2
|
E
Command . ' Sending the
o ; Trigger A e
Pocsitgin || pyiiazation || s Setting E S cpisition Wavelom
Spectrum ELang i .
Analyzer W gtmg for
Trigger
Time >
Figure 7. Synchronization diagram of the designed program.
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Figure 8. The received power in first stage of the experiment.
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Figure 9. The calculated gain in first stage experiment.
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The graph of the gain values for both antennas is shown on
the left side of the GUI, as shown in Fig. 11. Its Excel file is
shown in Table 2.

Table 1. Results of the first stage.
Received Power (DBM) Antenna Gain (DB)

Frequency (GHz)

2 -40.2201767 14.225443
2.1 -39.39613342 14.66446355
2.2 -39.94549561 13.54927957
2.3 -39.91497803 14.6696559
24 -38.60260773 15.64801565
2.5 -38.20584869 15.18702341
2.6 -38.05324554 16.008065
2.7 -38.419487 15.45950673
2.8 -38.968853 15.85766757
2.9 -38.90781021 15.49131514
3 -51.72628403 16.179951
3.1 -51.0243187 16.02844346
32 -46.04953003 16.57422139
33 -45.103405 16.74212843
: E : — AT Power
— Reference Power
20
A= I —
N~
/ N\
60
19 21 23 25 27 29
Gz

Figure 10. Received power from both the horn antenna (first stage) and the
antenna under test (second stage).

The calculated values of antenna gain can be compared with
the theoretical values that are exported from the CST program
to determine the deviation of the manufactured antenna from
the theoretical values for which it was designed.
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Figure 11. Calculated gain of both the horn antenna (first stage) and the
antenna under test (second stage).

Table 2. Results of the second stage.

Frequency Received Power Received Calculated

(GHz) Form the Known Power from Gain of the

Antenna "Aut" "Aut"
(DBM) (DBM) (DB)

2 -40.37277985 -54.13737488 0.46084797
2.1 -39.33509445 -48.70478439 5.294773605
22 -39.94549561 -43.0585556 10.43621958
23 -39.76237488 -45.92744827 8.504582508
2.4 -38.75521088 -49.74246979 4.66075674
25 -37.99220657 -46.9040947 6.27513528
2.6 -38.08376694 -46.75149536 7.340336583
2.7 -38.51104736 -43.72999954 10.24055455

2 -40.37277985 -54.13737488 0.46084797
2.1 -39.33509445 -48.70478439 5.294773605
22 -39.94549561 -43.0585556 10.43621958
23 -39.76237488 -45.92744827 8.504582508
32 -46.04953003 16.57422139
33 -45.103405 16.74212843

5. Conclusion

The article discusses the challenges and complexities involved
in measuring the specifications of manufactured antennas,
particularly focusing on antenna gain measurement. It
highlights the need for special equipment and expertise to
conduct these tests effectively, especially for wide-band
antennas. The proposed automated measurement system aims
to simplify and streamline the gain measurement process by



Pakistan Journal of Engineering and Technology

remotely driving the necessary instruments and reducing the
complexity of the measurement mechanism.

Overall, the article presents a novel approach to antenna
gain measurement, offering practical solutions to address the
challenges posed by traditional measurement methods. The
proposed system enhances efficiency, reduces complexity, and
improves accuracy, making it a valuable tool for antenna
testing in research and industry settings.

A graphical user interface "GUI" based on C# programming
language is built to control two instruments (spectrum analyzer
- RF generator). As a result, an automated system is built that
performs antenna gain measurements over its entire frequency
range. This system has the ability to store and calculate the
results and then compare them with the theoretical values on
which the antenna was designed. Finally, some experimental
results on measuring the gain of some available antennas are
presented.
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