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ABSTRACT 
 

 Antenna performance software is a tool to measure the quality and enactment of the 
newly developed products. This is an important matter to the development department of the 
company since the products must be verified to work with regarding to the user 
specifications. 

Using LabView, this tool has been developed in order to provide ease for this test. This 
software has been compared with previous solutions given and has been optimized to be able 
to do the tests successfully. 
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Chapter 1 

INTRODUCTION 
 

1.1 Problem statement 

The aim of this project is to design software, which would be in capable of measuring 
the radiation/antenna pattern of products in an isolated chamber room, figure 1. This 
measurement is done over a desired specification indicated by user. These specifications are 
going to be explained in following chapters. 

 

1.2 Scope of thesis work 

The scope of the project is around the software development concept. The focus is on the 
matter of having an efficient yet flexible program that can handle the main task of 
measurement and besides having extra functionalities to make it easier for user. Yet this 
project had some hardware design and development as well since the incorporation of both 
software and hardware is needed for this work. 

While we are focusing on developing tools for measuring and capturing data, the data 
processing and antenna characteristics are out of equation here. The work is mainly 

 



 

concentrated in the developing the software and integrating it with the hardware designed 
for it. 

1.3 Outline of the thesis 

There are five main chapters in this thesis which are to be explained fully. Following 
concepts are going to be explained in this report. 

 
 Background and related work 

• Clarifies the problem and gives more information about it. 
• Previous solutions given to this problem and attempts to solve it. 
• Comparison between this solution and previous solutions 

 Design and implementation 
• The scope of the software e.g. limits and requirements in order to fulfill the 

requisite of situation. 
• The integration of this work and other parts. How everything is incorporated 

together to work out. 
• The design and the solution in details for this project. The combination of 

different sub-systems and communication of software and hardware. 
• Implementation of the solution in practice. Challenges, attempts and finding 

out the best solution. 
• The testing and verification of the software in order to make sure of proper 

functionalities. 
 System performance 

• In this chapter the discussion revolves around the optimization issues. How 
the software responded regarding the time aspect and which ways were chosen 
to boost it. 

• Error handling procedure to prevent the program from crashing and 
unresponsive behavior.  

 Results and conclusions 
• Summary of the work and the goal that was reached. 

 Future work 
• Things that were not in the scope of this project and are left for improvement 

and enhancement. 

 

 

 

 

 



 

 

Chapter 2 

BACKGROUND AND RELATED WORK 
 

2.1 Background 
 Scanreco develops and manufactures radio remote controllers for crane systems to 
international crane and machinery manufacturers. These products are having a very high 
standard regarding the safety, reliability and precision. To verify these characteristics the 
product needs to be tested multiple times in different aspects and environments. 

 These tests generally consist of two types. However, in different cases regarding 
different customers, products or requirements these tests can be altered. Some may need 
more test to pass some less. 

 Environmental Tests 
• High/Low temperature test 
• Pressure test 
• Oxidation test 
• Crash test 
• etc. 

 Legal/Functional Tests 
• Radio Performance 
• Antenna Performance 
• ESD (Electrostatic Discharge) 
• Burst 
• HF Injection 
• Surge 
• Emitted Radiation 
• Radiation immunity 

Our focus in this thesis is on the legal/functional tests, more specifically, antenna 
performance of this subject. 

The software as it is now, is able to offer antenna performance test, with some 
modification it is possible to incorporate the radio performance and/or radiation immunity 
test in the software as well. 

For this test we would need software to measure the performance of the antenna in 
the chamber room. For the sake of the argument, let us explain this test in a nutshell for 



 

now. Later on there will be a full explanation of the test and its equipment in following 
chapters. 

The test is done in an RF1 Anechoic Chamber room where it is made of RAM2. In this 
room there would be a transmitter and a receiver. The receiver is an antenna that is 
connected to a signal analyzer which measures the power received by the transmitter. The 
transmitter is the antenna inside the product where it is called DUT/EUT3. Last thing is 
the turntable where the DUT is on it. The turntable is rotational table where it rotates 
according to the specified configuration by user. 

After a brief explanation of equipment, the test itself can be explained now. The DUT 
is turned on and put on the turntable in a desired position. The antenna is in a preferred 
orientation and then the test starts by measuring the power transmitted from the device. 
This power is measured over a polar coordinate system with the resolution needed e.g. 10 
degrees. That means, when the measurement starts the program measures the power in the 
current angle of turntable after the measurement is done, the turntable turns 10 degrees 
and the program measures the power in this angle and so on. More often the measurement 
would start from 0 degree to 360. In this way, there will be a polar graph of the 
measurement where it can be used to determine the performance of the antenna. To 
understand the performance of the new DUT the antenna pattern of it would be compared 
with a previously designed DUT which has an ideal radiation pattern. 

This was a basic process of the test where the program should be capable of doing it. 
The communication between spectrum analyzer, antenna and turntable is all done by the 
software. In addition, all the specification such as the resolution i.e. step size, dwell time, 
spectrum analyzer configuration, etc. are configured in the software by the user. Therefore, 
it would not be only a program which enables the communication between the antenna, 
spectrum analyzer and turntable but also it is a GUI4 where different parameters are 
specified and measurement can be done in it. 

In next chapters, there will be full details of the parameters that the user specifies 
for antenna, spectrum analyzer and turntable. Moreover, there will be clarification of how 
GUI looks like, how and in which platform it is developed. Furthermore, additional features 
of the software to provide ease of measurement and testing for the user are described and 
mentioned in following chapters. Besides, this work had some part of hardware 
configuration as well. These hardware configurations and the integration of them with the 
software are explained and mentioned in following chapters. 

1 Radio Frequency 
2 Radiation Absorbent Material 
3 Device Under Test/Equipment Under Test 
4 Graphical User Interface 
 
 



 

2.2 Related Works 
 There were two other solutions that were given to this problem. The first solution 
was given as a temporary work around. However, since it lacked a lot of functionalities and 
was not a proper solution in long-term view, there was a need for another solution. The 
second solution was a professional solution from Rhode & Schwarz but too cost effective.  In 
order to be able to compare these solutions and conclude why there was a need for a new 
one, more detailed information is mentioned below.  

The first solution was written in LabView also. The strong points of that software 
were the precision and the time efficiency. The measurement would not take a long time to 
be done and since the time is very important in this matter, it is a huge benefit that a 
program could give to the user. Unfortunately this solution was not compatible with the 
both spectrum analyzers. Besides, it was not user friendly and the output data was hard to 
process. From the hardware point of view, the antenna rotation was managed a light sensor 
and a rotating disc that was cut for 45 degrees, figure 2. This helps to rotate the antenna 45 
degrees by finding the current position. However, in spite of spending a lot of time to 
improve the algorithm for this, it was not possible to have this configuration for the 
software. This is due to the noise generated by the circuits and motor heat. 

 

 

 

 

 

 

 

Another provided solution was the R&S5 EMC32 Measurement software. This 
program which is developed by R&S is a strong tool to run this test and yet with a lot of 
different features. 

2.3 Comparison to this work
A comparison was done by thesis students on possible solutions give to this problem, 

table 1. Below you can see the table that describes the comparison of the other solution to 
the solution given in this project. 

5 Rohde & Schwarz 

 



 

Feature/Program Previous Measurement 
Software 

Solution Given EMC32 

Time Efficiency Strong Strong Strong 
Cost Efficiency Free Free Starting at 30,000 
Precision Strong Strong Strong 
Compatibility Weak Good Very Good 
Data Handling Weak Strong Strong 
Flexibility Weak Strong Strong 
Table 1 Software comparision by thesis students 

Previous measurement software was not compatible with other spectrum analyzer 
which it was being used in the company. Besides, there was not any graph of finished 
measurement. It was using a text file with the values of each measurement with repeated 
names and parameters. The GUI was not user friendly and some antenna parameters were 
not proper. 

The EMC32 software had a lot of features that was favorable but not necessary. On 
the other hand, it only supported selected number of the turntable motors. This is as well as 
having lots of cost for the software itself.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Chapter 3 

DESIGN AND IMPLEMENTATION 
 

3.1 Requirements 
In order to perform the antenna performance test, five main equipment are needed. 

Each of this equipment is going to be explained in details.

 

I. RF Anechoic Chamber Room 
Antenna radiation patterns are normally measured in the anechoic chamber.  

Typical antennas transmit power more in one direction than another.  The measurement of 
power as a function of angle gives the radiation pattern.  The polarity (horizontal and/or 
vertical, circular, etc.) is also measured in association with this radiation pattern.  
Directivity, gain, side lobe level, etc. are all parameters associated with the radiation 
pattern. Unless otherwise specified, radiation pattern is normally given in terms of power 
rather than field or voltage and most often is given in decibels rather than linear terms.   6 

The RF anechoic chamber is a special room that is used to measure antenna 
radiation patterns.  The chamber itself is an electrically sealed metal enclosure designed to 
prevent external signals from penetrating inside and corrupting measurements.  The 
internal walls of the chamber are lined with special cone-shaped radiation absorbent 
material foam that absorbs disturbance radiation. 

Pyramids (figure 3) are designed to 
absorb best the waves at normal (nose-on) 
incidence. They do not perform well at large 
angles of incidence. They act, in effect, as a 
tapered impedance transition for normal 
incidence of the EM wave from the intrinsic 
impedance of 377 Ω to the short of the 
chamber’s wall. Their resistance gradually 
decreases as the pyramid’s cross-section 
increases. This foam is very expensive and 
deteriorates easily. From an electromagnetic 
perspective, the inside of the chamber is 

6 For more information on how anechoic chamber room works refer to paper cited in references 

 



 

indistinguishable from a free-space environment because the walls do not reflect, or “echo,” 
any power back into the room (hence the name “anechoic” chamber).  

In figure 1, the chamber room in the company has been shown. As it is illustrated, 
the chamber room is made of pyramid RAMs.  

However, pyramids are not the only form that the RAMs come in. It could be in the 
shape of wedges also. Yet, they do not have exact same characteristics of each other.  
Wedges, on the other hand, perform much better than pyramids for waves, which travel 
nearly parallel to their ridges. In figure 4 below two different types of RAMs, pyramid and 
wedge are shown.  

 

 

 

 

 

 

 

The figure 5 shows an inside view of the anechoic chamber with all the equipment 
required to perform a test.  

 

 

 

 

 

 

 

 

 

 

 



 

II. DUT/EUT 
DUT or in concept, the transmitter, is the product that is being tested. In this case, 

the product is usually a new controller that has been developed. It should be tested in order 
to find out the performance of new design by comparing it to past successful products.  

In figure 6 a sample DUT has been shown. This is a remote controller for crane. Each 
customer orders a product according to their use. Different customers wish their product to 
have different specification. As an illustration, consider a case that a customer needs to 
have their product in pocket form since size does matter for them. However, another 
customer needs a normal controller where it is not necessary to be in pocket size. 

 

 

 

 

 

 

Therefore, this is why every product should be tested. Since every customer has its 
own specification, the products vary a lot and this makes the development tougher. Let us 
have an example to clarify it more. A customer orders a control unit handy. The ideal 
solution for their specification would be having a 30 centimeter antenna inside the 
controller. However, there is no space for such an antenna. Thus, the antenna should be 
developed and designed in a way that it would not be more than 5 centimeter. Now this 
prototype needs to be tested before sending to the customer to make sure it fulfills the 
requirements of customer needs. 

III. Turntable 
The turntable is a rotational table which is used to put the DUT on. This table 

(figure 7) has a circular plane which is on a cylinder that has been connected to a step 
motor. This step motor which has a resolution of 52,000 micro steps turns the circular plane 
that the DUT is placed on to different positions. The positioning of it will be discussed in 
next sections.   

 

 

 

 



 

 

 

 

 

 

  

As it is illustrated above (figure 8), the lower right corner of the chamber room, the 
DUT is placed on it facing the antenna during the test. However, this would not be the only 
position that the DUT would be tested in. It is tested in three XY, XZ and YZ plane. 
Meaning, first it is normal position and facing antenna, secondly it is flipped backwards and 
lastly it is put in the vertical position facing the chamber wall in order to do a full test on it. 
Note that each of these three tests is done in both vertical and horizontal position of the 
antenna. 

IV. Antenna 
Antenna or receiver is the device used to measure the power with the help of 

spectrum analyzer. At this moment, there are two antennas installed in the chamber room, 
one 2.4 GHz antenna and the other 900 MHz antenna, figure 
9. This is due to having products with different range of 

frequency. Therefore, depending on the 
measurement proper antenna is used to 
do the test. The important parameter of 

the antenna is the 
orientation/polarization of it. This can 
be either horizontal or vertical. For each 

measurement, the test is done with both horizontal and 
vertical polarization to have the optimal and complete test 
on the products. Due to some mechanical issues both 
antennas are currently installed next to each other, but one 
at a time is always working. 

 

          
 

2.4 GHz Antenna

900 MHz Antenna

 



 

V. Spectrum Analyzer 
To find the radiation pattern spectrum analyzer (figure 10) is used to measure the 

power received from the transmitter (product) by the receiver (antenna). This power is 
found the maximum hold function, which means, spectrum analyzer takes a sweep of 
measurement in the specified frequency then the peak value is found with the maximum 
hold function of spectrum analyzer and set as the measurement value for that angle. 

However, that this procedure does not provide an absolute measure of gain, but 
rather a relative gain.  In other words, there is no way to distinguish 10 dBi of gain from -10 
dBi.  Rather, all that can be said is that the gain at one angle is 10 dB greater than the gain 
at some other angle.  In order to obtain the true gain of an antenna, it is necessary to 
calibrate against a known value.  This is accomplished by comparing the received power 
from the DUT against the power received by an antenna with known gain. 

 

3.2 Architecture 

Hardware 
 The ideal goal in designing hardware is to have a high efficient product strong 
enough to work properly for the needed tasks. In order to achieve this goal it is necessary to 
look for possible solutions i.e. designing in-house, using predesigned products and compare 
those to find the most ideal solution to the requirement. As this fact was noted highly 
important in this project, the effort was made to find this ideal solution and it can be said 
that solution used here is the most ideal solution for this product. 

Software 
Beginning with the software, it should 

be in mind that optimal software follows 
three important principles, figure 11.  

 

 



 

 

It had to be noted that stability is not the only goal in this development, but also it is 
very important to have efficient software that is capable of scalability in case of future 
enhancement or new features. To fulfill these requirements different approaches were 
taken. However, the stability and efficiency is rather a final cut, it is shown more towards 
the end of the development in testing phase. However, scalability should be considered at 
first and the software should be built upon this factor. 

To maintain the stability, the software should pass various tests. For example, giving 
a mass amount of inputs/data in a very short period of time, or going against the flow or 
doing the things a normal user would not do.  The software should be able to survive these 
tests without crashing, freezing or doing unwanted/random stuff. 

The second important aspect of development is efficiency. Doing the job is not good 
enough, doing it under the least possible time is rather the goal. Therefore, repeating the 
same process should be avoided when possible and instead a better logic should be used in 
order to do the task. Quiet same as stability factor; this is carved in testing phase. 

The last but not least, is the scalability. An important factor which gives the 
software flexibility and the room to be expanded, enhanced and grown.  

To have scalable software, it needs to be built in a module form where it can connect 
different parts together. As an example, the software has the functionality of doing antenna 
performance test on products. Consider the case that a new developer wants to add EMC7 
test module. If the software is written in a way that is aims to do only one test i.e. antenna 
performance test, then the developer either has to start from scratch or reads the entire 
program and with huge amount of modification incorporates it. This costs a lot of time and 
often the result is not favorable. In this case it is better to write a separate program which 
would be more time efficient and satisfactory.  

Now consider the case that the software is in module form and scalable. The new 
developer can add any kind of test or software module that desires to the program without 
needing to have a lot of information about the design of software and more importantly 
without needing to start from scratch. 

Let us take a look at the software architecture. As it is shown in the figure 12, the 
program is based on a main module where different parts can be merged and incorporated 
together into the software. This is where in future other modules and programs can be 
included in the software. For now, we have two main parts included in the program, first 
the options which has the general information and settings of the program. The other part 
would be the antenna measurement. This is the performance testing program that is 
designed. The performance testing program has its own sub-modules; each of them does 

7 Electromagnetic Compatibility 



 

different functionalities. These sub-modules and options will be discussed in details in next 
section. 

 

Figure 12 Software architecture  

3.3 Design 
The design part is consisted of two parts, hardware and software. As it was mentioned 
before, in this project some hardware design and configuration has been done while a huge 
part of the project is focused on the software. 

Hardware 
The hardware part involved the finishing of antenna installation and configuring its motor 
to be able to configure the polarization. …. 

Software 

Platform 
The first question that pops up from a developer is in which platform we are going to 

develop. Platform could mean either the programming language/tool or the operating 
system that software should be developed in, which we are going to discuss both of them. 

The operating system that the software is developed in is Windows XP. Basically, 
since all the computers are running on windows at Scanreco the software should not be an 
exception in order to be compatible with the other systems there. 

The software is developed in LabView V8.28. This is due to the fact that in LabView 
provides better solution for instrument control and data acquisition plus all the hardware 
connected have their own library LabView which makes it easier to work with. The other 
reason would be that generally a huge part of the software developed at R&D department 
are in LabView and if in future it was decided to combine and integrate two software there 
would not be any complications. 

8 National Instruments LabView 

Main Module 
Options 

Antenna Meas. 

Set Parameters 

Start Meas. 

Home/Reset 



 

Structure 
The entire software is consisted of two parts, measurement software and viewer software. 
As it is noticeable from their name, the first one is used to do a measurement and the 
second one is used to view past done measurements. These LabView programs or generally 
all the LabView programs are called VI, abbreviated of Virtual Instrument. A VI could use 
subVI(s) to do its purpose. The concept is same as the functions used in programing 
languages in order to simplify the code. Below you can see an example of it, figure 13. 

 

int main(void) 
{ 
 subVI(); //Calling subVI 
 return 0; 
} 
int subVI(void) 
{ 
 cout<<"Hello world!\n"; 
 return 0; 
} 

 

 

However, in LabView it would not be coding a VI can include another VI inside it to get use 
of its function in order to perform the task. The VI that is included in the bigger VI is called 
subVI. Below you can see the illustration of it. 

The entire Program is built on two main modules, one for the measurement and the other 
for the viewer software. These modules get help of total 83 SubVIs to perform their task. 
The subVIs are divided into database storage subVIs and functional/measurement subVIs 
which are a total number of 47 and 36 respectively. 

Our focus is on the functional/measurement VIs. This is due to the fact that the project itself 
was based on and in the scope of designing measurement software. Later on, by gathering 
different ideas it was concluded to add a database system into the software and it was done 
with collaboration of one the colleagues at Scanreco. 

The software is based on three parts working together, antenna, turntable and spectrum 
analyzer. Each of these parts has unique importance to the program and is going to be 
described in more details. 



 

Figure 14 Different parts of software working together 

The antenna is considered the smallest part since it has the minimum number of key factors 
and parameters to the program. Next, it would be turntable. This part plays a fairly 
important role as it has to rotate the DUT on a specified range and bring it back to origin. 
The most important part would be the spectrum analyzer, figure 14. This part requires most 
attention for it has to measure the radiation pattern. A lot of key factors exist in this part. 
Each of these parts is going to be explained in detains in next section. 

3.4 Implementation 
To start with, let us take a look at the important parameters/functionalities that the 

program uses and needs in order to reach its goal and do a measurement. These parameters 
comes from each of the parts that was mentioned in previous section, antenna, turntable 
and spectrum analyzer 

Antenna 
In antenna we have three important parameters 

• Orientation 
• Angle Restoration 
• Connection Info 

Orientation 
This is the main desired factor of the antenna. In what orientation should it be? Vertical or 
Horizontal. The choice is made by user and it will be shown in next chapter but how it really 
works is shown here. The motor uses TMCL9 commands to do its purposed actions. These 

9 Trinamic Motion Control Language 
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commands could be instructed to the motor in various ways. One way would be using TMCL 
IDE to write the code and compile it and write it on the motor. The other way would be to 
use a direct mode from the IDE and use GUI provided to instruct the action to the motor. 
The motor comes also with a limited functionality LabView application where the user uses 
LabView to instruct the command. 

However, none of above could satisfy the needs. The first three were having complete 
functionality but the platform was different. The last one was using LabView which suits 
the project very well but it had a very limited functionality. Therefore, the core of the 
provided LabView software was taken and a new program was designed using this core.  

After figuring out how the motor is getting instructed, now the question is how can the 
motor set horizontal or vertical position. 

The motor has 52000 micro-steps for it to rotate one revolution and after one revolution the 
number continues and it does not reset. The motor is able to understand commands such as 
go to 10000 position. However, there are two counters for this step, absolute position and 
encoder position and they are not always same. The difference is that when the motor is 
shut down or in idle mode if the motor is moved manually e.g. accidentally hit when 
changing the antenna the absolute position does not detect the change and remains what it 
was however the encoder does realize the change and its value changes. These values are 
stored into motor registers and are available after shutting down and turning on again. 

Now when the motor is instructed to go to a position, the favorable way is that the motor 
goes to encoder position since it always detects all physical changes and movements but the 
motor takes the provided position as absolute position and it moves to the absolute position 
that has the provided value. 

An instruction command to the motor contains 5 main elements: 

Address Instruction Type Motor Value 
The address of 
the instructed 
motor 

e.g. 
- MVP move to position 
- SAP set axis param. 
 

e.g. 
- (Don’t Care) 
- Maximum pos. speed 

Which 
motor? 

e.g. 
- Position 
- Speed 
 

Table 2 Motor instruction structure 

All of these elements are in numbers and provided in the datasheet of the motor and the in 
the appendix here. For example an instruction to move the motor number 0 at the address 1 
to the position 1000 is “01 04 00 00 1000”. However, this is not the exact command that the 
motor reads. This instruction is converted into hexadecimal number and then is written on 
the motor. So the motor moves to the position specified. 

Angle Restoration 
Previously, we discussed that the motor has two position tracker, absolute position and 
encoder position. The encoder position is always unique and keeps track of physical 



 

movements that the motor has done either by instruction or by manually/accidentally 
hitting an object. Nevertheless, the program uses the absolute position for its positioning 
system. This means the motor loses the track of the movements that is done by hand and 
this is where the problem originates from.  

Imagine, the motor is instructed to go from 0 degrees to 90 degrees and then returns the 0. 
After it has moved back to 0, while the antenna is getting changed the motor moves slightly 
and goes to 30 degrees by getting hit. After the program is turned on, the motor still thinks 
it is on the 0 position because it is using absolute position. However, the encoder position 
shows that it is on the 30 degree. To solve this problem, by getting help of TMCL commands 
functions, when the program starts up, the value in the encoder position is copied to the 
absolute position register and overwrites previous value. Therefore, each time that program 
runs, the software makes sure that the antenna is on its last physical position. 

On the table below, it is shown what instructions should be sent to the motor in order to 
retrieve the last physical position. 

Order Address Instruction Type Motor Value 
1 01 06 

- GAP 
Get axis param. 

209 
Encoder Position 

00 00 (Don’t 
Care) 
 

2 01 34 
- AAP 
Copy accumulator 
to an axis param. 

01 
Actual Position 

00 00 (Don’t 
Care) 

Table 3 Instructions to retrieve last physical position 

Antenna Orientation Correction Angle 
Consider the case that we have multiple antennas for our measurements. As an example 
some of the products are in 400 MHz frequency range and their radiation pattern is 
measured with the antenna which is 900 MHz, on the other hand some products have 
higher frequency range and need to be measured with the 2.4 GHz antenna. Thus, based on 
the product, the antenna may differ.  

Due to the mechanical issues, the installation of different antennas on the motor is not 
always same and perfect. To clarify this issue, let us dig into the structure. 

 

As it is shown on the figure 15, the motor shaft has a chord shape. The flat size is the  

0/520026000 

13000 
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reference/origin position and it increases counter-clockwise. Therefore, when the software is 
required to do a measurement with antenna orientation of horizontal, the software sends 
the command to the motor to go the zero position.  

However, due to mechanical designing issues and restrictions, the antenna may not be 
horizontal when the motor has the horizontal position (figure 16). This is where the 
correction angle c is introduced.  

This angle is added to the horizontal state angle to place the 
antenna in the proper horizontal position. The horizontal state 
angle is the angle where the step motor is ought to be in 
horizontal state, in which case here is zero. Therefore, for the 
figure 14, c would be around -45. 

Taking the possibility of adding more antennas in future and the 
already two of them, the software would need different c for 
different antennas. Furthermore, the software should be aware of 
the current c to place the installed antenna in proper position. 
Consequently, the idea of having a list where the user can add different correction angles 
with names and comments to label them popped 
up.  

In this way, the user would be able to add up to 9 
different correction angles excluding 0 (figure 17) 
with names and comments to provide ease in 
distinguishing them. The angles could vary from 
-180 to 180. The list has also a select button to 
know which one is in use now.  

 

 

 

Subsequently, the correction angles and current correction angle are important parameters 
for the software.  

Connection Info 
Last parameter that is important is this part is the connection info. The motor connects via 
USB. The software asks for the COM port that it is connected to and the user specifies 
which motor is connected to which port.  

Turntable 
For the turntable, there would more parameters compared to antenna. A total of 4 would be 
the number of parameters that are important in this part.

c 

 

 



 

• Start/Stop Degree 
• Step Size 
• Dwell Time 
• Connection Info 

Each of these parameters is going to be explained further below. 

Start/Stop Degree 
The purpose of the turntable is to rotate for the degree specified by user. The turntable 
starts rotating from the start degree and it continues until it reaches stop degree and then it 
returns to origin. Since, the implementation of this depends on the step size and the dwell 
time, it will be discussed in the integration part. Normally the measurement is done with a 
revolution i.e. start degree of 0 and stop degree of 360. 

Step Size & Dwell Time 
The step size is the number of degrees that the motor takes in each movement. As an 
illustration, let us say there is a start degree of 0 and stop degree of 360. The user specifies 
a step size of 60 degrees. The motor starts its movement from 0, then the motor moves 60 
degrees and stops for an instant. Now this instant is what it is called dwell time. The user 
specifies how long it should wait before (measurement and) moving to next position. Which 
on normal basis, it is entered as 100 ms to test the products.   

Connection Info 
The connection info of the turntable motor is exactly same as the antenna motor. It is 
connected via USB and in the software it is mentioned which COM port it is connected to. 

Spectrum Analyzer 
The spectrum analyzer has the most number of parameters compared to the other parts. It 
has measurement parameters which itself consists of a set of parameters and the connection 
info.  

These set of parameters are defined by user. Some of them may be calculated by the 
spectrum analyzer itself automatically, in that case, the user does not enter any value for 
them and the software understands that it should calculate the parameters automatically. 
Both of them are discussed in details here. 

• Measurement Parameters 
o Center Frequency 
o Span 
o RBW 
o VBW 
o SWT 
o ATT 
o REF 
o SA 



 

• Connection Info 

Measurement Parameters 
The measurement parameters are used to initialize the spectrum analyzer with and get the 
measurement. Some of them must be entered by the user and some of them can either be 
specified by user or left out blank to be calculated by the software automatically.  

Center Frequency & Span 
The frequency halfway between the stop and the start frequency on a spectrum analyzer is 
known as the center frequency. The span specifies the range between the start and stop and 
stop frequency. 

RBW 
Resolution Bandwidth determines the RF noise floor and how close two signals can be and 
still be resolved by the analyzer into two separate peaks. Adjusting the bandwidth of this 
filter allows for the discrimination of signals with closely spaced frequency components, 
while also changing the measured noise floor. Typically, this is set to zero in order to be 
calculated automatically. 

VBW 
Video Bandwidth is the bandwidth of the signal chain after the detector. Averaging or peak 
detection then refers to how the digital storage portion of the device records samples—it 
takes several samples per time step and stores only one sample, either the average of the 
samples or the highest one. The video bandwidth determines the capability to discriminate 
between two different power levels. Similarly, it is also set to zero to be calculated 
automatically.  

SWT 
Sweep Time specifies the time the spectrum analyzer takes to acquire data for a sweep. As 
well as the other two, this is normally set to zero in order to derive by the program itself. 

ATT 
Attenuator reduces the signal strength during transmission. Attenuation is the opposite of 
amplification, and is normal when a signal is sent from one point to another. If the signal 
attenuates too much, it becomes un intelligible, which is why most networks require 
repeaters at regular intervals. Attenuation is measured in decibels. It can be set to be 
calculated automatically or entered by the user.  

REF 
Reference Level sets the maximum input range of the spectrum analyzer. For 
measurements on Scanreco’s products it was set to -20 dB. However, it can also be left blank 
for the program to figure out. 



 

SA 
Spectrum Analyzer – The program can do measurement with either Rhode & Schwarz or 
Agilent spectrum analyzer. Therefore, the user specifies which one of them is going to be 
used for measurement 

Connection Info 
Spectrum analyzers are connected via Ethernet cable to the computer. Therefore, the 
program asks for their IP in order to connect to them.  

 

Integration 

Storing Parameters 
After clarification of what parameters the software requires for a measurement, it is easier 
to connect the dots and bring everything together. 

Almost all of the parameters saved in the program. However, not in one place. The spectrum 
analyzer parameters are bundled together with measurement 
values and stored in the database connected to the software. 
On the contrary, the connection information of motors and 
spectrum analyzers, correction angle and current correction 
angle are stored into a configuration file (Figure 18).  

As the program runs, it retrieves the data from this file and 
copies them into the global variables. If during the runtime 
any of the data changes the program updates the 
configuration file. As the user exits the software, the program 
saves the latest copy of data on global variables into the 
configuration file in order to make sure no changes remained 
unsaved.  

Procedure 
The UI consisted of three different panes. When the program 
starts, first of all, it retrieves the information from the 
configuration file and copies it into the global variable. After 
that, it will fix the angle of antenna to make sure it is in its 
last physical location. 

From there, it is the choice of the user to navigate over 
menus and go to different parts. If the user chooses to go to antenna measurement part, the 
program connects to database and retrieve the last used measurement parameters and 
show them in the parameter pane. Also, it initializes the spectrum analyzer with those 
parameters. If the user makes change in the parameters the program tries to re-initialize 
the spectrum analyzer with newly entered parameters. Thereafter, with the choice of 

 



 

measurement the program starts measuring, sketching and sending the values to the 
database. 

To implement such functionality the program heavily used the subVIs. These subVIs came 
as small as just reporting a bug. Without breaking it into these small parts, it was infeasible 
to create and understandable and fully functional program.  

 

3.5 Testing 
Software testing is an investigation which can also provide an objective, independent view 
of the software to allow the user to appreciate and understand the risks of software 
implementation. Actually software testing is the process of executing a program or 
application with the intent of finding software bugs (errors or other defects).It can be 
explained as the process of validating and verifying that a computer program, application or 
product covers all of the requirements that guided its design and development and works 
and implements as expected.

Software testing can be implemented at any time in the development process. Traditionally 
most of the test effort occurs after the requirements have been defined and the coding 
process has been completed. 

Testing can never completely identify all the defects within software. A primary purpose of 
testing is to detect software failures so that defects may be discovered and corrected. 
Testing cannot establish that a product functions properly under all conditions but can only 
establish that it does not function properly under specific conditions. The scope of software 
testing often includes examination of code as well as execution of that code in various 
environments and conditions as well as examining the aspects of code: does it do what it is 
supposed to do and do what it 
needs to do. Information derived 
from software testing may be 
used to correct the process by 
which software is developed.  

The software was tested from 
different aspects (figure 19) such 
as Functional testing which is a 
type of black box testing that 
bases its test cases on the 
specifications of the software 

component under test. Functions 
are tested by feeding them input 
and examining the output, and internal program structure is rarely considered. So for 
functional testing some real measurements were done by the software and since they were 

 



 

valuable, they have used as useful information for designing a product (It was also a kind of 
usability testing). Integration testing which means individual software modules are 
combined and tested as a group. It occurs after unit testing which should be done for each 
part of the software to be sure they work properly. Integration testing was taken for testing 
the whole parts of the software which consist of initialization part, measurement and 
storage part that they are work together in appropriate way.  

Every software product has a target audience. For example, the attendance for Antenna 
chamber software is completely different from banking software. Therefore, when an 
organization develops or otherwise invests in a software product, it can assess whether the 
software product will be acceptable to its end users or its target audience. Software testing 
is the process of attempting to make this assessment. 

 

Not all software faults are caused by coding errors. One common source of expensive defects 
is caused by requirement gaps, e.g., unrecognized requirements will cause a huge fault in 
the software. A common source of requirements gaps is non-functional requirements such as 
testability, Stability, Compatibility, usability, performance, and security. 

Software faults occur through the following processes. A developer makes a mistake, which 
results in a bug in the software source code. If this defect is executed, in certain situations 
the system will produce wrong results, causing a failure. Not all defects will necessarily 
result in failures. For example, defects in dead code will never result in failures. A fault can 
turn into a failure when the environment is changed. Examples of these changes in 
environment is the running the software on a new computer hardware platform, which 
alterations in source data or interacting with different software. A single defect may result 
in a wide range of failure symptoms.  

Fortunately the software did not have such a failure errors which should be considered. But 
it had some other issues which should be taken into account; one of the cases which were 
detected during the software testing was Data redundancy. The same data could not replace 
by the old one in database so it cause of Data redundancy, and it was tried to be fixed by 
some changing in database program. 

 

The previous work was used to keep the strong points of the software.  

Some previous work was done to make this software and it had some merits and demerits 
which the demerits were fixed and the merits were used in our software, some of these 



 

advantages that were tried to keep and improve even according to expansion of the program 
are time efficiency and accuracy of the measurement.  

It was tried to enhance time efficiency of the program by using the IP address of spectrum 
analyzers which was done with a configuration file before, so the program does not consume 
time for opening files and reading from it so it is faster than before. Moreover by using the 
IP address the program can be connected to different spectrum analyzer and the only thing 
that should be considered is changing the IP address of spectrum analyzer in options 
menu.  

As it is shown in the figure 20 below, the user can enter the IP address of spectrum 
analyzer. The program saves these parameters in a configuration file, however, instead of 
opening the file and reading the parameters for each measurement, the program reads the 
file just at startup. The parameters are saved into program’s memory during the runtime 
and saved into the configuration file when exited.  

 

 

In order to avoid frequent crashes in the program from the raised errors, the program had 
to be provided with some sort of error handling. This helps the user to redo or continue the 
process without needing to restart the whole program. After adding this feature to the 
program, it now supports the error handling. These errors could be because of connection to 
loss to either spectrum analyzer or the motor, power loss in connected devices, wrong IP 
settings for the analyzers, etc.  



 

An example of this error handling is shown in figure 21, below. The IP of spectrum analyzer 
could be wrong or it could be turned off. In this case an error would be raised in 
initialization step and following message would be shown.  

 

Another case would be for when the user enters wrong value for start parameters. Since 
there is a valid range for each parameter, it needs to be validated to prevent the crashes 
during the measurement. In figure 22, the user has entered wrong value for frequency and 
error message is telling user that  

 

 

 

 

 

 

 



 

 

Chapter 4 

RESULTS 

This part will be shown the program and how the user can work with it. As you can see in 
Figure 23 the main page consists of four buttons which are: 

• Antenna  
• EMC 
• Options 
• Exit 

The user can navigate through the program by clicking on different menus. The program 
window is consisted of three panes, menu, parameter and measurement. The menu panes 
always represent the menus of software at that state. The parameter pane, shows the 
parameters entered for measurement and it updates them every second to have the latest 
version of them. The measurement window is for the measurements and options. If the user 
starts measurement then in this pane the tools for measurement appears. This is as well as 
the options which will appear in here if the user wishes to view or modify it.  

 

 

 

 

 

 

 

 

 

 

 



 

 

After choosing the Antenna from the top menu, the program prepares antenna related tools. 
Thus, there would be antenna menus in the menu pane and the antenna parameters appear 
in the parameter pane (figure 24). 

 

 

 

 

 

 

 

 

 

 

Setting the parameters would be done with clicking on set parameter button, and then the 
window for adding and/or editing parameter appears. It shows all of set of parameters that 
has been previously entered. As it is illustrated in figure 25 he user is able to either change 
them or add new set of parameters in this window.  

 

 

 

 

 

 

 

 

 

 

 

 



 

 

The user can search through the previously entered parameters. If they seem suitable for 
the measurement then it just needs a click on a parameter and then select to choose that set 
for the measurement. If a suitable set of parameter was not available or needed some 
modification then the Add/Edit button can be selected. 

By selecting Add/Edit Item the tools for adding new set of parameters – figure 25 - or 
editing past entered parameters appears in a new window. The user can go through the ring 
to bring the different set of parameters into editing panel. Beside the editing panel the get 
button would update the data and retrieve it from database. The set button is used when 
one or multiple parameters’ value has changed, the set button submits these changes and 
sends the new values to database. The add item button adds a new set of parameter while 
the delete item deletes the currently viewing set of parameters. The add column adds a new 
parameter in the set of parameters in case of future use. Finally the back option closes this 
window and returns to the previous one.   

In figure 26 below, on the right side there are some advanced, administrative tools, which 
are for testing further and craving into more dynamic functionalities. However, since it is 
not completely tested and verified it is left out of discussion here. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

After setting parameters, the measurements could be started by Start Measurement button. 
The window below (figure 27) appears in measurement pane. 

 

                                         

                       

 

  
  
  

  

 

 

 

 

 

 

As it is shown in figure 28, the possibility of selecting and adding new DUT (Device under 
Test) exist in this pane, also you can decrease or increase the Measurement Number by 
DEC and INC buttons: 

   

 
 
 
 
 
 
 
 
 
 

So the measurement can be started with choosing the orientation of the receiver antenna. 
This is illustrated in figure 29 below. 

 



 

 

By choosing one of the buttons depends on which orientation you want the measurement 
will be started. 

The Pause button that exists in this menu can pause the measurement, you would be able to 
take a break and resume the measurement by clicking again on the button. The 
measurement can stop if something was forgotten or something is going wrong. (figure 30) 

 

 

 

 

 

 

 

 

 

 

 

 

As it can be seen in figure 31 the program has some information about the DUT and the 
measurement such as DUT ID and MEAS_NBR which are the ID number of Device Under 
Test and the number of measurement, both of these information will be used whenever the 
user wants to retrieve the data from database.     

 

 

 

 

 

 



 

 

In the first program’s window there are four buttons. The Antenna part was discussed and 
now option menu is covered. 

 

 

 

 

 

 

 

 

 

Figure 32 shows the option menu that can be accessed by option button in main menu. Here 
the user can change the COM and LAN ports for motors and spectrum analyzers. In order to 
this, user should click on change button then the values can be changed. After setting the 
new values they can be saved by set button. Also some information is shown here about the 
supported spectrum analyzer models. 

To adjust the antenna position the option menu has an offset correction setting. The user 
can fix the antenna orientation error by this setting. This error can be caused from 
mechanical limitations. Antenna1 rotate the antenna to the zero position, the user can 
change the position of antenna by choosing different antenna with different degrees.   

 

 

 

 

 

 

 

 

 



 

Since the mechanical design can be flawed and antenna would not be at zero offset even 
though the motor is, this setting has been implemented. This correction angle would fix this 
issue. Considering that new antennas can be added in future the program can save up to 10 
correction offsets for 10 different antennas. (figure 33) 

The first test was done by thesis workers. After passed results for final test, a presentation 
and demo was done for development team and manager. The last test was done by 
supervisors, Vedran Sikiric and Andrei Sazanov.  

The result was satisfying and it was considered as a good work since all of the bonus points 
were done too. References are available to contact for further information. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Chapter 5 

CONCLUSION AND FUTURE WORK 
 

Generally, this suffices for now. This was the solution provided to this project. With every 
solution, comes the new features and possible future work. This software is not an 
exception. The improvements and possible future work are described below. 

 

 

 

A great program was one that worked and expended the fewest computing resources. 
Creating software was an engineering process, delivering a working solution given the 
programming constraints imposed by the last decade's computing environment. The 
programs should be designed for use by other computer professionals and not the general 
public, so a generic interface permitting expeditious user input was the order of the day. 
The point of contact between the general population and the computer was not the software 
application but some output or printed report, such as a bank statement or lab results.  
 But in today's world, in which computer resources are abundant and computer users are 
usually non-programmers and computer neophytes, a good program is one that not only 
works but is also easy to learn. And a great program is one that works and is so user-



 

friendly it does not even need to be learned! Also the user must be able to anticipate a 
widget's behavior from its visual properties. Widgets in this context refer to visual controls 
such as buttons, menus, check boxes, scroll bars, and rulers. So the program has much more 
user friendly interfaces which consist of above features so the user can work with it easier.   

The other features are functionality and compatibility which means it can work with 
different spectrum analyzer and devices. 

When a program runs into an error and simply bails without warning or recourse, users are 
left with their eyes bugged out and their hands in the air. At least the program should let 
users know there was a problem and what they can do to help solve it. The program 
interface is improved by user warning and error dialog.  GUI interfaces rarely need or use 
warnings and error dialogs. Error dialogs in GUI interfaces represent interface design 
flaws. The most common flaws arise from improperly formatted user input and 
inappropriate task sequencing.  

Of course, every project always comes with the future work so our program is not an 
exception. The antenna offset part which makes problem in accuracy of measurement in 
some cases now can be fixed in the future. Also the program make radiation graph in 2D 
plane which can be enhanced to 3D graphical pattern. Accurate measurements of radiation 
patterns in the full spherical format are of great importance to the research on small 
antennas for terminal applications. The measurement method should provide main features 
of radiation patterns and derive value of radiation efficiency. Some errors handling were 
done in this program but it can be focused more to provide a software which can handle 
every small error. 
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