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Abstract- This paper discusses about the representations of a signal in time domain and frequency domain by sampling the 
signal in particular time interval and at particular sampling frequency. It discusses about the location and frequency 
composition of sinusoids in the signal. The Fast Fourier transform (FFT) of the signal is calculated and its magnitude and 
phase are obtained. The Short Time Fourier Transform(STFT) of a signal is calculated to determine the location of a 
corresponding tile in time-frequency plane. This is coded in MATLAB and plotted using the spectrogram. 
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I. INTRODUCTION 
 
In the time-frequency representation of a signal, the 
time basis representation presentation and frequency 
basis representation differ in properties localization 
and resolution. Localization is the ability to determine 
location in time or frequency of a signal feature. 
Resolution is the ability to distinguish between two 
closely located features [1]. The time basis 
representation of signal has the best time localization 
and resolution but no frequency resolution. The 
frequency basis representation of signal has the best 
frequency localization and resolution but no time 
resolution. This is true for both discrete and 
continuous time signals and it satisfies Heisenberg 
Uncertainty principle. The time and frequency 
resolution can be improved by using the Short Time 
Fourier Transform (STFT), which makes use of real-
valued window function. The paper discusses the 
localization and resolution properties for original 
signal, signal obtained by FFT and STFT. These are 
discussed as problems, each of them is coded in 
MATLAB and the results are plotted. 
 
II. METHOD  
 
A signal x (t) consisting of 321 samples is sampled at 
a frequency of 80 Hz in the time interval of 0≤ t ≤ 4. 
The signal is plotted over the interval 0≤ t ≤ 4 and is 
shown in Figure 1. The time-domain signal x(t), 
which consists of sinusoids, have different regions 
having different time location and resolution [1]. The 
signal has good localization as the time can be 
located and resolution is good as the width of tile is 
small for the region at t = 0 to 2. As the t increases, 
the width of the tile increases and the resolution 
decreases. The frequency of the signal is large up to t 
= 2 and it becomes less as t increases. There is no 
frequency resolution as the frequency tile width is 
large. From the time-domain representation of the 
signal x (t), we can observe that there are 4 to 5 
sinusoidal signals with different amplitudes and 
frequencies. Sinusoidal signal is, x (t) = A sin (wt+ⱷ). 

Form the time interval [0, 1], x (t) = 4 sin 
(w1t+ⱷ1).Form the time interval [0, 1.5], x (t) = 5 sin 
(w2t+ⱷ2).Form the time interval [1.5, 2], x (t) = 3 sin 
(w3t+ⱷ3).Form the time interval [2, 3], x (t) = not a 
pure sinusoidal wave but mixture of 3 to 4 sinusoidal 
waves and here w3>w1>w2>w4.Form the time interval 
[3, 4], x (t) = 3 sin (w4t+ⱷ4). From this time-domain 
plot, we can determine the amplitude of the signal x 
(t) but frequency and phase is not clear. 
 

 
Figure 1: Original Signal x (t) 

 
III. RESULTS AND DISCUSSION 
 
FFTof the signal x (t) is calculated, it gives the 
frequency domain representation centered at zero, 
which is used to extract frequency location and 
resolution, plotted as shown in Figure 2 [2-3]. If we 
observe the plot, it is symmetric about the y-axis and 
peaks represent the frequency components of the 
sinusoids. The magnitude and phase of the frequency 
domain signal is calculated and plotted as shown in 
Figure 3. From the magnitude plot we can observe the 
peaks at frequencies 5, 10, 15, 20 and it is symmetric 
about x-axis. From the time domain, we observed that 
w3>w1>w2>w4,where w=2*pi*f, f3=20, f1=15, f2=10, 
f4=5. Also, we can observe that, other than at the 
peaks, it is a mixture of sinusoids is there. 
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This plot gives the location of information at 
particular frequencies and thus the localization in 
frequency is good. The frequency resolution is good 
as the as the frequency tile width is small. There is no 
time resolution as the time tile width is large. As the 
frequency increases the resolution decreases as tile 
width is increasing. About the phase plot, for little 
variation in frequency, there is large variation in 
phase so it is difficult to determine.Also, we can 
observe that, other than at the peaks, it is a mixture of 
sinusoids is there. From the magnitude plot, we can 
observe that it extends beyond and there is no clear 
information about the signal. Both magnitude and 
phase plots gives no complete information in the 
frequency domain. 
 

 
Figure 2: FFT of the Signal x (t) 

 

 
Figure 3: Magnitude and Phase plots of the Signal 

 
The STFT of the signal x (t) is calculated to improve 
the time and frequency resolution by using a 

Gaussian window, which gives the desired trade-off 
between the time and frequency resolutions [4-5]. 
The STFT forces the basis function to minimum to 
get good frequency resolution, it forces time tile 
width to minimum to get good time resolution, and 
this is done by applying window. A wide window 
allows good frequency resolution and narrow window 
allows good time resolution. In this problem as sigma 
changes, the STFT output changes as shown in Figure 
4. 
We create an X matrix of the size NxN, multiplying 
each element in a row of signal with corresponding 
element in column of G and repeating this process up 
to N columns. It means that multiplication of same 
row containing N elements with all the N columns 
containing N elements. Spectrogram is a plot time v/s 
frequency. We create a function S having signal, 
sampling frequency and sigma as parameters. The 
signal is of length N, Gaussian window as g of length 
N. we call the makewindowmatrix function to create 
NxN matrix G.In the final code, we call the stft 
function and spectrogram function to plot the time v/s 
frequency.We plotted for the different sigma values. 
 
By the definition of localization, it is the ability to 
determine the location in time or frequency of the 
signal. By the definition of resolution, it is the ability 
to distinguish between two closely located features 
[6-7].For the lower sigma values, the window is such 
that time tile width is small i.e., time components are 
exactly located and there is a good time resolution. 
As the sigma values increases, the width of the 
Gaussian function increases, the time tile width 
increases, hence lowering the time resolution. At the 
same time the frequency tile width decreases and 
improving the frequency resolution. 
 
For the sigma=0.025, the plot does not give a clear 
picture. That is the tiling is not appropriate. The 
frequency resolution is litte and time resolution is 
good. As the sigma value increase the frequency 
resolution becomes better and time resolution will 
becoming poor.For the sigma = 0.05, the time tile 
width increases and reducing the time resolution 
whereas the frequency tile width decreases. For the 
sigma = 0.1, the time resolution is low as the time tile 
width becomes large, frequency resolution is good as 
its tile width reduces. For the sigma = 0.2, the 
frequency resolution increases and time resolution 
becomes very low. For the sigma = 0.5, there is very 
good frequency resolution as frequencies can be 
easily located and there is little time resolution.Thus, 
if the sigma is less, time resolution is obtained else 
frequency resolution is obtained.We can observe 
there are two frequency components in the interval 2 
to 3. It is composed of two sinusoidal waves with 
different frequency components between 5 Hz and 20 
Hz. As sigma increases, the frequency resolution 
becomes clearer and the signal becomes thinner. 
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Figure 4: STFT and Spectrogram output for the different 

values of sigma 
 

CONCLUSION 
 
The general time-frequency tiling’s are such that we 
can obtain only either time resolution or frequency 
resolution. The use of the STFT gives a choice of 
trade-off between the two resolutions. By varying the 

sigma of the Gaussian window, we can control the 
resolution and thus obtain the time-frequency 
resolution. 
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