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Abstract 

 

The purpose of this study was to analyze the experimental level spectrum in real time. 

The first step of this study was the acquisition of signal over the function generator 

(Hp Hewlett Packard) and viewing the same through the oscilloscope (Agilent). 

In this thesis, MATLAB was used as a tool. The whole process of the signal Fourier 

transform was made with this process and the values were put in a matrix, making it 

possible to obtain the amplitude values and to observe them through a three-

dimensional graphic. 
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1 Introduction 

1.1 Introduction to the Work  

 

This work takes place within the disciplines of the final project Degree in Engineering 

of Instrumentation and Metrology, academic year 2010/2011 and the purpose of this 

study is to represent a real time spectrum analyzer (RTSA) light. 

The main concept of the analysis of a real time spectrum is the ability to catch a radio 

frequency (RF) signal and analyze it in different domains even if it changes with time. 

 

1.2 What is a spectrum? 

A spectrum is a representation of the amplitudes of wave components of a system 

breakdown when one of the other according to their frequencies. Therefore, a wave 

spectrum components show up physically from each other by their frequency and not 

by its nature.  

The frequency is defined as the number of complete cycles of electromagnetic wave 

energy that occur each second. The international unit of measurement used to describe 

a cycle is 1 hertz (Hz). 

The frequency spectrum can be acquired through a Fast Fourier Transform (FFT) of 

the signal, and the resulting values are usually presented as amplitude and phase, both 

placed on a graph with frequency. 

Any signal which can be displayed as amplitude that alters with time has an 

equivalent frequency spectrum. It involves common concepts such as musical notes, 

radio and even the rotation of the Earth. When these physical phenomena are 

displayed in the form of a frequency spectrum, some physical descriptions of their 

internal processes come to be much simpler. 
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Time is the frame of reference. After noticing when certain electrical events occur, an 

oscilloscope is used to observe the immediate value of a particular electrical event, or 

any other event converted to volts through a proper transducer, as a function of time. 

According to Fourier, any time-domain electrical phenomenon is made up of one or 

more sine waves of appropriate frequency, amplitude and phase. Therefore, it is 

possible to decompose the wave form of Figure 1 into separate sine waves, or spectral 

components, using a proper filtering, which can then be evaluated separately. Each 

sine wave is defined by a phase and amplitude. That is, a time-domain signal can be 

transformed into its frequency-domain equivalent. Usually, for RF and microwave 

signals, keeping the phase information make this transformation process more 

complex without adding significantly to the value of the analysis. Thus, it is possible 

to do it without the phase information and according to Fourier, when we want to 

analyze a periodic signal, the constituent sine waves are separated in the frequency 

domain by 1/T, being T the period of the signal. 

In order to make the transformation from the time to the frequency domain accurately, 

it is important to evaluate the signal over all time, that is, over ± infinity. 

Nevertheless, it is normal to take a shorter and more practical view and presume that 

signal behavior over several seconds or minutes is demonstrative of general 

characteristics of the signal. As Fourier says, it is also possible to make this 

transformation from the frequency to the time domain. To make this transformation 

we need to have the evaluation of all spectral components over frequencies to ± 

infinity, and the phase of individual components is certainly critical. 
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Figure 1 - Complex time-domain signal 

A spectrum is then a collection of sine waves, which produce the time-domain signal 

under examination, when combined properly. It is shown in Figure 1[1] the wave 

form of a complex signal. Imagine that we wanted to see a sine wave, even though the 

waveform surely shows us that the signal is not completely a sinusoid, we end up not 

knowing for certain why that happens. 

Our complex signal, in both the time and frequency domains, is shown in Figure 2 [1]. 

The frequency-domain layout considers the amplitude versus the frequency of each 

sine wave in the spectrum. As we can see, the spectrum in this case comprises only 

two sine waves. It is possible to understand now why the original waveform was not a 

pure sine wave because there was a second sine wave, which is the second harmonic 

wave in this case. 
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Figure 2 - Relationship between time and frequency domain 

 

1.3 Key Concept of a real time spectrum analysis 

1.3.1 Samples, Frames, and Blocks 

To be able to understand how an RF signal can be analyzed in several areas, one must 

first examine how it acquires and stores the signal. After the signal is converted from 

analog to digital, is represented by data in the time domain, in which all parameters 

and frequency modulation can be calculated using a digital signal processing (DSP). 

To describe the importance of data stored when the RTSA captures a signal 

acquisition in real time there are three terms to consider: samples, frames and blocks. 

As shown in Figure 3 [2]. 
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Figure 3 - Samples, frames, and blocks: the memory hierarchy. 

 

The lowest level of the hierarchy is the samples, which represents a discrete time 

domain in a data point. This structure is common in other applications of digital 

sampling, in real time as oscilloscopes and PC-based scanners. 

The intermediate level is the frame. The entire frame consists of a number of solid 

samples and is the basic unit for the FFT is applied to convert the data from time 

domain to frequency domain. With this, each frame produces a spectrum in the 

frequency domain. 

The highest level of the hierarchy is the block, which is composed of many frames 

arrivals who are captured perfectly in time. The amount of time that is represented by 

a continuous acquisition is designated block length. 

With RTSA each block is fully established and stored in memory. When the signal 

processing of a block of acquisition is completed, the acquisition of the next block 

will begin. Once the block is in memory, any measurement can be applied. The Figure 

4 [2] shows how to develop this procedure. 
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Figure 4 - Real-time spectrum analyzer block acquisition and processing. 

 

1.3.2 Real time Triggering 

Useful triggering has long been the missing ingredient in most spectrum analysis 

tools. The mainstream offers RTSA frequency domain in real time, triggering other 

shooting modes and intuitive and simple intermediate frequency (IF) level and 

external triggers. The RTSA uses a trigger event of a reference point in time for the 

continuous acquisition of signal. This allows several other useful features, such as the 

ability to store information both pre-trigger and post-trigger. 

Another important feature is the trigger RTSA mask real-time frequency, which 

enables the operator to activate a purchase based on specific events in the frequency 

domain. As shown in Figure 5 [2], a mask is designed to define the group of 

conditions within the bandwidth of the analyzer in real time, which will lead to the 

triggering event. This feature is useful in several applications, for example, radar 

systems. [3] In this case, the spectrum analyzer was developed to detect lines in a 

plasma away from the system incoherent scatter. To this end, the spectrum analyzer 

covering a frequency range of several hundred kHz in real time with high resolution. 

For incoherent scattering experiments, the performance spectrum analyzer is quite 

appropriate, since the number of integrated spectra in an experiment is usually less 

than 10
4
. 
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Figure 5 - Real-time frequency domain triggering using a frequency mask. 

 

1.3.3 Seamless Capture and Spectrogram 

This work is limited to capture data seamless, that is, the ability to acquire and store 

an uninterrupted series of time domain samples that represent the behavior of an RF 

signal over a long period of time. 

The Figure 6 [2] is an example of spectrogram display with seamless capture. 

 

Figure 6 - Spectrogram display with seamless capture. 
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1.3.4 Time-Correlated Multi-Domain Analysis 

When the signal is acquired and stored in memory, can be analyzed using a variety of 

views available in time-correlated RTSA, as shown in Figure 7 [2]. 

 

Figure 7 - Illustrations of several time-correlated measurements available on RTSA’s. 

 

This is useful for solving problems of devices and applications for characterization of 

the signal. These measures are based on the same set of underlying data in the time 

domain, which reinforces two important advantages of the architecture: 

-> Comprehensive signal analysis in the time, frequency and modulation domains 

based on a single acquisition. 

-> Domain correlation for understanding how specific events in time, frequency, 

modulation are related based on a common time reference. 

Moreover, the RTSA can also have user defined functions. For example in a 

modulation classifier [4] was implemented in a RTSA. In this case, the objective was 

to obtain a new tool for signal analysis that is able to carry out an automatic 

classification of the digital modulations. This instrument, thanks to RTSA 

architecture, has a wide dynamic and is able to operate with signals of different 

frequencies. Moreover, it avoids problems that the operator has to set all parameters 

of modulation. 
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2 Theoretical Presentation 

2.1 Why use spectrum analysis? 

 

The easiest way to look at waveforms is in the time domain, by looking at how a 

signal varies in amplitude as time advances, i.e. in the time domain. An oscilloscope 

is what is used to do it. It is pretty natural to look at waveforms on an oscilloscope 

display. Nevertheless, signals can be displayed in other ways. 

Jean Baptiste Joseph Fourier, a French mathematician and physicist, who lived from 

1768 to 1830, started to look at how signals are seen in a different format, in the 

frequency domain where the signals are viewed as a function of their frequency rather 

than time. He found out that there is an equivalent representation in the time domain 

for any waveform seen in the time domain. A variety of components of different 

frequencies make up the signal, expressed differently. A common example is a square 

waveform. 

It is quite relevant to evaluate the signal over an infinitive time for the transformation 

to hold exactly. Although in reality it is enough to know that the waveform is 

continuous over a period of at least a few seconds, or understand the effects of 

changing the signal. 

We can take advantage of the fact of being able to look at signals in the time domain 

and in particular for RF applications, although audio spectrum analyzers are also 

widely used. Looking at signals in the frequency domain with a spectrum analyzer 

allows us to analyze aspects such as the harmonic and spurious content of a signal. It 

is also important the width of signals when modulation has been applied. These 

aspects are extremely important for developing RF signal sources, and in particular 

any form of transmitter including the ones in cellular, Wi-Fi, and other radio or 

wireless applications. The radiation of unwanted signals will cause interference to 

other users of the radio spectrum, and that’s why it is important to guarantee that any 

unwanted signals are kept below an acceptable level, which can be monitored with a 

spectrum analyzer. 
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2.2 Types of Spectrum Analyzer 

 

As it happens with other instruments, it is also possible to see in the manufacturers’ 

catalogues more than one type of spectrum. There are two different types of 

spectrums: 

 Swept spectrum analyzers: It may be considered as the more traditional type of 

spectrum analyzer and it is the one most generally used. The operation of the 

frequency spectrum analyzer is based on the use of the superheterodyne principle, 

sweeping the frequency that is analyzed across the required band to produce a 

view of the signals with their relative strengths. 

 

 FFT analyzers: These type of analyzers besides being more expensive are also 

more specialized. They use a form of Fourier transform (known as FFT), which 

convert the signals into a digital format for analysis digitally. 

 

 

One as well as the other have their own advantages. The most used technology is the 

swept spectrum analyzer as it the type used in a general-purpose analyzers enabling 

these analyzers to operate up to frequencies of many GHz. On the other hand, a swept 

analyzer can only detect continuous signals, as time is needed to capture a certain 

sweep, and they cannot capture any phase information. 

FFT analyzer technology can capture a sample extremely fast and then analyze it. 

Consequently, an FFT analyzer can capture short lived or one-shot phenomena. They 

can also capture phase information. In spite of the advantages, the FFT analyzer has 

also the disadvantage of having a frequency range limited by the sample rate of the 

analogue to digital converter (ADC). ADC technology has improved greatly, but this 

places a huge limitation on the bandwidths available using these analyzers. 

Baring in mind that both technologies have advantages, there are many recent 

analyzers that use them both, having the internal software within the unit determining 

the best combinations to make particular measurements. The superheterodyne circuit 
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allowing basic measurements as well as the high frequency capabilities, while the FFT 

capabilities are introduced for narrower band measurements, and those where fast 

capture is needed. An analyzer is expected to determine the best method dependent 

upon factors including the filter settling time and sweep speed. If the spectrum 

analyzer plots it is able to show the spectrum faster by sampling the required 

bandwidth, processing the FFT and then showing the result, it will decide for an FFT 

approach, unless it will use the most traditional fully sweep approach. The difference 

between the two measurement techniques is that using a traditional sweep approach, 

the result will be seen as sweep progresses, while when an FFT measurement is made, 

the result can only be displayed after the FFT processing is complete. 

It is possible to find some advantages and disadvantages of the FFT spectrum analyzer 

technology when compared to the swept frequency analyzer, which is more familiar. 

It is very important to perceive the differences between them, when choosing the most 

suitable one 

 Advantages of FFT spectrum analyzer technology 

Once the waveform is analyzed digitally, it can be captured in quite a short amount of 

time, and then the subsequently analyzed. The fact of being captured so fast can have 

many advantages. 

Due to this short capture time, it is capable of capturing non-repetitive waveform, 

which other spectrum analyzers can’t do. 

Data is obtained as part of the signal capture process and it can be processed to show 

the phase of signals.  

 

 Disadvantages of the FFT spectrum analyzer technology 

The principal limit of FFT spectrum analyzers is the analogue to digital converter, 

ADC, which is used to make the conversion of the analogue signal into a digital 

format. Whereas technology is improving, this component still places a major 

limitation on the upper frequency limits or if a down-conversion stage is used. 
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This is a very expensive item due to its required high level of performance. Not to 

mention all the other processing and display circuitry required, which makes the costs 

rising for these items. 

 

2.3 Signal processing 

The signal processing is the analysis or modification of signals to extract information 

from them or make them more suitable for some specific applications. This can be 

done via analog or digital. 

The digital signal is just a numerical representation of analog signals. So there is this 

representation, are used ADC, which process the analog signals and turn them into a 

sequence of 0s and 1s, can thus be analyzed by computers and programs. 

After computer analysis, we can still accomplish the return of this information to the 

real world. Are used for this digital to analogue converter (DAC), which has the 

function of analyze a given sequence of 0s and 1s and turn it into an analog signal.  

In signal processing tools are used two filters and FFT.O role of the filter is to remove 

unwanted signal, as well as noise, or simply extract the important parts of it, as 

components of a certain frequency band. 

Today the digital filters presentations high precision. These types of filters use one 

digital processor to perform numerical calculations upon samples of the signal. In this 

figure 8 below illustrates this process. 

 

 

Figure 8 - Configuration of a digital filters. 
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Through the input of an analog signal, an ADC performs the conversion of this signal 

to be read by the DSP. This then is instructed to perform the calculations necessary to 

do the filtering, multiplying the input values by constants and adding the resulting 

products, and use mathematical techniques such as Fourier Transforms. If necessary, 

these values, which now represent numerically the filtered signal can be converted 

through a DAC. 

 

2.3.1 Sample 

In signal processing, sampling is the reduction of a continuous signal to a discrete 

signal. A common example is the conversion of a sound wave to a sequence of 

samples (a discrete-time signal). 

Sampling frequency is the frequency at which a data set is sampled is determined by 

the number of sampling points per unit time, and the sampling frequency is equal to 

the number of samples divided by the record length. For example, if a wave-form is 

sampled 1000 times in one second the sampling frequency is 1 kHz. 

Representation of a continuous-time signal by its samples:  

x(t)      sampled periodically t=nTs             x [n] = x (nTs)       - < n < +  

Sample period: Ts (s) 

Sampling frequency: ωs = 2πfs =  (rad/s) 

Nyquist theorem: 

Let x (t) a signal of limited bandwidth. This is solely determined by its samples 

x[n] = x(nTs), n=0, ±1, ±2,…, if 

ωs = 2 ωm   fs > 2 fm 

being ωs = 2π/Ts = 2πfs 

ωm – Nyquist frequency  2 ωm – Nyquist rate 

ωs < 2 ωm               Aliasing! 
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2.4 Real time spectrum analyzer 

 

A RTSA works differently of a normal swept spectrum analyzer. The RTSA is 

established as the require centre frequency. They then acquire a specific bandwidth 

and all the signals within her are captured, and then, a FFT technology is used to 

analyze the waveform, in real time. 

This way of analyzing the waveform, enables to capture and highlight transient effects 

that may not be visible on other forms of spectrum analyzer. 

 

This way of analyzing the waveform, enable to capture transient effects and highlight 

that may not be visible on other forms of spectrum analyzer. There are some 

characteristics of real time spectrum analyzers: 

 They are based around an FFT. The entire bandwidth will be processed quite 

fast by a real-time digital signal processing engine with no gaps. 

 An ADC – analogue to digital converter can digitize the entire bandwidth of 

the pass-band. 

 

In Figure 9 [2], you can see typical real time spectrum analyzer architecture. 

Figure 9 - Typical real-time spectrum analyzer architecture. 
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2.5 Fourier Transform 

 

When we talk about the concept of the FFT analyzer it is impossible not to mention 

the FFT itself. The FFT uses the same basic principles as the Fourier transform, 

developed by Joseph Fourier in which one value in the continuous time domain is 

converted into the continuous frequency domain, including not only magnitude but 

also phase information.  

But to capture a waveform digitally, discrete values must be used in order to achieve 

it, both in terms of the values of samples taken, and the time intervals at which they 

are taken. Since the time domain waveform is taken at time intervals, the conversion 

of data into the frequency domain using the standard Fourier transform cannot be 

done. It must be used a discrete Fourier transform (DFT), instead, which is a variant 

of the Fourier transform. 

The use of the DFT of discrete samples for the time domain waveform is reflected 

into the frequency domain and results in the frequency domain being divided into 

discrete frequency components of “bins”. The number of frequency bins over a 

frequency band is the frequency resolution. In order to achieve greater resolution it is 

needed a larger number of bins, and consequently in the time domain a large number 

of samples is required. All this results in a much greater level of computation and for 

this reason method of diminishing the amount of computation required is needed to 

make sure that the results are shown in a timely fashion, although with today’s vastly 

increased level of processing power, this is less of a problem. To facilitate the process 

required, it is used a FFT. This demands the time domain waveform to have a number 

of samples equal to a number that is an integral power of two. 
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2.5.1 FFT properties 

Fourier analysis to determine the frequencies that exist in complex signals as that in 

the vibrations. The discrete signals in time domain can be subjected to Fourier 

analysis, called FFT passing to be observed in frequency domain. 

The Fourier transform maps time domain functions into frequency domain 

representations and is defined as: 

 

X(f) = F{ } =      Eq. 1 

where x(t) is the time domain signal, and X(f) is it Fourier Transform. 

Similarly, the DFT maps discrete-time sequences into discrete-frequency 

representations and is given by: 

 

Xk =       for k = 0, 1, 2… n-1   Eq. 2 

where x is the input sequence, X is its DFT, and n is the number of samples in both 

the discrete-time and the discrete-frequency domains. 

Direct implementation of the DFT, equation 2, requires approximately n
2
 complex 

operations. However, computationally efficient algorithms can require as little as n 

 operations. These algorithms are called FFTs. 

From the definition of the DFT, equation 2, the Fourier transform of any sequence x, 

whether it is real or complex, always results in a complex output sequence X of the 

form: 

 

F{X} = X = XRe + jXIm = Re{X} + jIm{X}    Eq. 3 

An inherent DFT property is 

 

X n-i = X –i,         Eq. 4 
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which means that the (n-i)
th

 element of X contains the result of the -i
th

 harmonic. 

Furthermore, if x is real, the i
th

 harmonic and the -i
th

 harmonic are complex 

conjugates: 

 

Xn-i = X–i = X  i       Eq. 5 

Consequently, 

 

Re {Xi} = Re{Xn-i},       Eq. 6 

Im {Xi} = -Im {Xn-i}       Eq. 7 

 

These symmetrical Fourier properties of real sequences are referred to as conjugate 

symmetric (equation 5), symmetric or even-symmetric (equation 6), and anti-

symmetric or odd-symmetric (equation 7). 
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3 Method 

In this chapter it is possible to understand how to work MATLAB software, the 

characteristics of instruments (oscilloscope and functions’ generator) and limitations 

of this work. 

 

3.1 MATLAB 

 

MATLAB (Matrix Laboratory) is a high performance interactive software directed to 

the numerical calculation. MATLAB integrates numerical analysis, calculation with 

arrays, signal processing and building graphics in an environment easy to use, where 

problems and solutions are expressed just as they are written mathematically, unlike 

traditional programming. 

MATLAB allows the numerical solution of many problems in a fraction of the time it 

would take to write a similar program in Fortran, Basic or C. Moreover, the solutions 

of problems are expressed almost exactly as they are written mathematically. 

The Matlab system consists of the following parts: 

 Language 

Enables the creation and manipulation of arrays quickly and intuitively. It has 

a very broad range of functions that can solve complex problems efficiently. 

 The work environment 

MATLAB provides a work environment that enables management and 

visualization of variables, to read and write variables and generate programs in 

MATLAB language, thus enabling the automation of complex calculations. 

 "Toolboxes" 

The MATLAB package provides a set of functions for various areas of 

scientific computing, which are called "toolboxes”. There are "toolboxes" for 

statistical signal processing, image processing, etc. 
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 Graphics 

The functions for creating, displaying and manipulating graphics are very easy 

to use and allow the creation of 2D and 3D graphics. The scaling is automatic 

and you can start using the graphics generation functions shortly after first 

contact with the environment of MATLAB. 

 

3.2 Oscilloscope 

 

The oscilloscope used in the experiment was the Agilent 54621A 2-Channel 

Oscilloscope, as shown in Figure 10, with the following characteristics: 

 60 MHz 

 4 MB deep memory mapped to 32 levels of intensity, 25 million 

vectors/second 

 Powerful, flexible triggering including I²C, SPI, LIN, CAN and USB 

 Standard built-in floppy, RS-232 and parallel ports, FFT's 

 

 

 

. 

 

 

 

 

Figure 10 - Oscilloscope 
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With the Agilent 54621A 2-Channel Oscilloscope is possible to get a signal up to 60 

MHz, giving us the opportunity to observe long periods of time, maintaining a high 

sampling rate so that the details can be seen in projects that take place. [5] 

To exist communication between the oscilloscope and PC it was used a GPIB 

(General Purpose Interface Bus). This, commonly known as IEEE-488 standard, 

defines a parallel interface of 8-bit asynchronous for the communication of the 

instrumentation equipment. [6] 

It was adopted in 1975 as an international standard and allows that any instrument,of 

any brand that is according to this standard communicates with other in the same 

conditions. 

It was initially developed by HP (Hewlett-Packard) as the communication protocol 

between their instruments but it proved to be so effective that IEEE rapidly adopted it 

in most of its standards. [7] 

 

3.3 Functions’ generator 

 

The functions’ generator used in the experiment was the Agilent 33120A 15 MHz 

Function/Arbitrary Waveform Generator, as shown in Figure 11, because it is the 

input to my RTSA light, and it has the following characteristics: 

 15 MHz sine and square wave outputs 

 12-bit, 40 MSa/s, 16,000-point deep arbitrary waveforms 

 Sine, triangle, square, ramp, noise and more  

 Direct Digital Synthesis for excellent stability 
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Figure 11 - Function Generator 

 

The HP 33120A is a function generator with high performance, 15 MHz, capable of 

generating arbitrary waveforms. The fact that the combination of bench-top and 

system resources makes this instrument is a versatile solution for the needs of now 

and in the future. [8] 

 

3.4 Tmtool 

The MATLAB tool that allowed communication between the oscilloscope and the PC 

is called tmtool. Through her selection of the instrument is intended, the oscilloscope, 

and was followed by a series of steps that made possible the acquisition of the signal. 
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4 Results 

In this chapter it is possible to understand the way this work was developed and all the 

steps taken to achieve the main goal, the analysis of a real time spectrum. The 

captured signal is presented in time domain, frequency domain and spectrogram. The 

MATLAB code is complete in Appendix. 

This work has four fundamentals steps in their development, as shown in Figure 12: 

 

 

 

 

  

 

 

 

 

 

 

 

 

Figure 12 - Fundamentals steps of this project. 

 

 

 

 

 

 

Acquire a signal 

Make an FFT 

Update in a matrix 

3D Plot 
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Firstly, it was necessary to acquire a signal through a functions’ generator (Hp 

Hewlett Packard) which we later observed in the oscilloscope (Agilent).  

There are two different ways of analyzing the signal acquired in the computer: 

LabView or MATLAB. 

MATLAB software was used an the toolbox tmtool to be possible to acquire the 

signal, as illustrated in Figure 13: 

 

 

 

 

 

 

 

 

 

 

Figure 13 - Example of signal in time domain. 

 

After observing the signal on the computer, it was possible to process the same, 

making the FFT and then placing the amplitude in dB: 

 

H=fft(Data); 

A=20*log10(abs(H)); % Amplitude in dB 
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In this Figure 14, the existent peak is pretty discrete, once the frequency in the 

functions’ generator was of only 1 kHz. 

 

 

 

 

 

 

 

 

 

Figure 14 - Example of signal in frequency domain. 

 

The values acquired are placed in an matrix. Where each row is a spectrum for one 

frame (see Chapter 1.4.1). The process is repeated until matrix was complete.  

To build the matrix, we used the following MATLAB code: 

M=zeros(20,length(A)); 

M(1:19,:)=M(2:20,:); 

M(20,:)=A' 

 

With the matrix complete it was possible to obtain a 3D graphic, where the 

coordinates (x,y,z) are represented, being x the frequency, y the time and z the 

amplitude, as shown in the following code: 

mesh(M) % 3D plot 

title('Real-Time Spectrum Analyzer') 
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xlabel('Frequency') 

ylabel('Time') 

zlabel('Amplitud') 

zlim([0 100]) % limit of z coordinate 

The three-dimensional graphics indicated bellow represent many examples of 

frequency variation. 

By looking at the Figure 15, it is possible to observe a frequency spectrum over a 

certain period of time (20 seconds) of the acquired signal with a frequency variation 

between 1 kHz and 260 kHz. 

 

 

Figure 15 -  Spectrum between 1 kHz and 260 kHz. 
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It is possible to observe the central frequency of the acquired signal, which 

corresponds to the area with the bigger amplitude in a certain amount of time, 

originated from the functions’ generator. 

For this example, Figure 16, there was an alteration in the frequency variation which 

occurred between 96 and 110 kHz. 

 

Figure 16 -  Spectrum between 96 kHz and 110 kHz. 

 

Because we are talking about a wave with a constant frequency, it was necessary to 

manually vary the frequency to be possible to verify a change in the corresponding 

graphic. 
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In this case, Figure 17, the frequency varied between 250 and 300 kHz. 

 

 

Figure 17 -  Spectrum between 250 kHz and 300 kHz. 

 

In the remaining areas of the graphics we can see other frequencies, of less value, 

which are possibly noise effects. 
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By looking at Figure 18, it is possible to observe a frequency increase of 1 to 130 

KHz and right after that its decrease. 

 

Figure 18 – Spectrum increasing and decreasing between 1 kHz and 130 kHz. 

 

We know which frequency values were varied because it was the operator who 

observed them in the functions’ generator and then when interpreting the graphic, it is 

relatively perceptible. 
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5 Conclusions 

 

The purpose of this study was to analyze a real time spectrum. The project was 

successfully accomplished with the MATLAB environment for the signal processing. 

With the accomplished of this project it was possible to check the answer in 

amplitude of a signal and represent it graphically.  

It is possible to acquire any signal on the oscilloscope up to 60 MHz and display in 

real time, through the code in MATLAB, the frequency spectrum of the signal, 

allowing therefore to identify the fundamental frequencies. 

An alternative for the fact of the frequency variation had been made manually it 

would be the use of an arbitrary waveform generator. The software MATLAB could 

also have an alternative, as for example the LabView. 
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Appendix A – MATLAB CODE 

% Find a GPIB object. 

obj1 = instrfind('Type', 'gpib', 'BoardIndex', 0, 'PrimaryAddress', 7, 'Tag', ''); 

  

% Create the GPIB object if it does not exist 

% otherwise use the object that was found. 

if isempty(obj1) 

    obj1 = gpib('NI', 0, 7); 

else 

    fclose(obj1); 

    obj1 = obj1(1) 

end 

  

set(obj1,'inputbuffersize',1024); 

  

% Connect to instrument object, obj1. 

fopen(obj1); 

for nn=1:20 

     

    data2 = query(obj1, ':meas:vmax?'); 

    data2 = str2num(data2); 

    fprintf(obj1, ':meas:vmin?'); 
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    data3 = fscanf(obj1); 

    data3 = str2num(data3); 

    

    fprintf(obj1,':wav:form byte'); 

    fprintf(obj1,':meas:sour chan1'); 

    fprintf(obj1,':wav:data?'); 

    RawData=fread(obj1); 

    RawData=RawData (11:end) % The first 10 are not data 

 

    %% CONVERT INTO VOLTAGE 

    k=(data2-data3)/(max(RawData)-min(RawData)); 

    m=data2-k*max(RawData); 

    Data=k*RawData+m; 

    %% 

    figure(1) 

    plot (Data) 

    title ('Acquired signal'); 

     

    H=fft(Data); 

    H=H(1:end/2);   %% eliminate redundancy of values 

      

    A=20*log10(abs(H)); % Amplitude in dB 

    figure(2); 
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    plot(A) 

    title('Response amplitude'); 

 if (nn==1)   

    M=zeros(20,length(A)); 

 else 

    M(1:19,:)=M(2:20,:); 

    M(20,:)=A' 

     

    figure(3) 

    mesh(M) % 3D plot 

    title('Real-Time Spectrum Analyzer') 

    xlabel('Frequency') 

    ylabel('Time') 

    zlabel('Amplitude') 

    zlim([0 100]) 

 end 

end 

% Disconnect from instrument object, obj1. 

fclose(obj1); 

  

% Clean up all objects. 

delete(obj1);  
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Glossary  

A 

Amplitude - The magnitude of an electrical signal. 

 

F 

FFT - Fast Fourier Transform – a mathematical process to calculate the frequency 

spectrum of a discrete number of time domain sample points. 

Frequency - The rate at which a signal oscillates, expressed as hertz or number of 

cycles per second. 

 

R 

Real-Time Spectrum Analysis - Measurement technique based triggering on an RF 

signal, seamlessly capturing it into memory, and analyzing it in the frequency, time, 

and modulation domains. 

 

S 

Spectrum - The frequency domain representation of a signal showing the power 

distribution of its spectral component versus frequency. 

Spectrum Analysis - Measurement technique for determining the frequency content 

of an RF signal. 


