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 
Abstract: Wrist pulse signal has been the traditional way of 

diagnosing human health in India. It is a low frequency, 
non-stationary signal. There are broadly three techniques of 
analyzing a signal – time, frequency and time-frequency domain. 
The individual time and frequency domain representations of the 
signal do not provide much information on properties of a 
non-stationary signal. However, the time-frequency distributions 
of a non-stationary signal overcome these problems and provide 
more information about the pulse signal. This paper presents the 
various time-frequency distribution techniques for analyzing 
non-stationary wrist pulse signals . 
 

Keywords: wrist pulse signals, non stationary signal, 
time-frequency domain.  

I. INTRODUCTION 

A signal that changes in time is called a non-stationary signal. 
For example: music is a non-stationary signal. The 
representation of music in terms of musical notations consists 
of a sequence of notes (frequencies) played at different times. 
Similarly, wrist pulse signals (WPS) is also a non-stationary 
signal and we need both time and frequency information to 
analyze it correctly. The different approaches of analyzing a 
signal could be possible in either frequency domain, time 
domain or the combine analysis of time-frequency (t-f). 
Extensive examination has been done on WPS in time 
domain [1-2] as well as in frequency domain [3-4]. The 
categorization among subjects in good health and unhealthy 
state has also been seen on various time and frequency 
domain features analysis [5]. The individual domain 
approaches are well suited for a stationary signal. However, 
these approaches fail to analyze completely a non-stationary 
signal. The work in t-f domain has been done on various 
non-stationary bio-medical signals such as EEG and ECG as 
seen in [6-8]. 

Researchers also presented the techniques of working in time, 
frequency and joint time-frequency domain for WPS [9]. 
This paper marks the possibility of exploring WPS in 
time-frequency domain.  

 
Revised Manuscript Received on October 30, 2019. 
* Correspondence Author 

Nidhi Garg*, Department of Electronics and Communication, University 
Institute of Engineering and Technology (UIET), Panjab University (PU), 
Chandigarh, India. corresponding e-mail id: nidhi_garg@pu.ac.in, 
nidhi461@gmail.com 

Nikita Babbar , Department of Electronics and Communication, 
University Institute of Engineering and Technology (UIET), Panjab 
University (PU), Chandigarh, India. 
 
© The Authors. Published by Blue Eyes Intelligence Engineering and 
Sciences Publication (BEIESP). This is an open access article under the 
CC-BY-NC-ND license http://creativecommons.org/licenses/by-nc-nd/4.0/ 
 

 
 

Therefore, the goal of this paper is to attempt and sketch out 
the essential concepts associated to characterize a WPS in t-f 
domain. A comparison of various techniques for representing 
WPS in time-frequency space is presented. To store and 
process the pulse signal ®LABVIEW has been used. It makes 
use of various Virtual Instruments (VIs) for processing. 

II. REPRESENTING A SIGNAL IN T-F SPACE 

The Fig. 1 shows a simple non-stationary signal g(t). 
Obtaining Fourier transform of this signal will result in 
frequency information of the signal as the signal will be 
represented in frequency domain. However, if a window is 
used to sample this signal and then finding the frequency at 
each point while sliding the window will tell what frequency 
appears when, in a non-stationary signal, thus representing 
the signal in t-f space. This is the basic approach for 
representing a non-stationary signal in joint t-f space. 

 
Fig. 1.Sampling of a non-stationary signal using window. 

The joint time-frequency distribution gives information about 
both time as well as frequency together. The t-f distribution is 
greatly helpful in the analysis of transient signals such as 
bio-medical signals. The various techniques of representing a 
signal in t-f space are: CWD (Choi-Williams Distribution), 
WVD (Wigner-Ville Distribution), STFT (Short term Fourier 
Transform), Adaptive Spectrogram, Gabor Spectrogram, and 
CSD (Cone Shaped Distribution). These are mentioned in 
Fig. 2. 

STFT of a non-stationary pulse signal g(t) is represented as: 
 
G(t`,f) = Fourier Transform[g(t).w(t-t`)]  
 
 Where, the function w(t) is a rectangular window (used for 
sampling) of width ‘a’ that localizes the signal g(t) in time 

around time to Fourier Transform of the sampled signal. The 
WVD of pulse signal is analogous to STFT where the 
window used is just shifted version of the same signal. 
However, in the same approach, if Gaussian signal is used as 
the windowing function, then the resultant is the Gabor 
Transform of the pulse signal.  
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The Adaptive Spectrogram is analogous to Gabor 
Spectrogram except that it decomposes the signal using 
adaptive expansion before applying it to WVD. In Adaptive 
Spectrogram, only the WVD of auto-terms are summed up 
ignoring the cross terms between every two auto-terms. 
CWD and CSD both belong to Cohen’s Class Distribution. 

III. APPROXIMATION OF T-F TECHNIQUES IN WPS 

 
The pulse signals contributing to our database have been 
collected from 8 healthy female (age group 20-25) subjects 
after taking their consent. The signals were collected using 
pressure sensor and have been stored as tdms files in 
computer. The different techniques considered in support of  
characterizing the pulse signal in t-f domain have been shown 
in Fig. 2. Here, we present a comparative approximation of 
these techniques when applied on the WPS in terms of 
time-frequency (t-f) resolution and t-f cross-term 
interference. Fig. 3 exemplify the each of these techniques. 

 

 
Fig. 2.Time-Frequency Signal Representation Techniques 

 

 
Fig. 3.Comparison of different techniques for joint time-frequency analysis of wrist pulse signal 
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Fig. 4. Comparison of different techniques for joint time-frequency analysis of WPS (Continued) 

 
A WPS of a healthy subject has been taken shown by (A) in 
Fig. 3. This pulse is reversed and named as (B). Another 
signal (A+B) is taken as the summation of the original and 
reversed pulse signal. The time-frequency distribution for 
each of these signals has been calculated using all the 
techniques mentioned in Fig. 2. All the outputs are mentioned 
in Fig. 3. The time-frequency analysis techniques are 
compared based on two factors: cross term interference and 
t-f resolution. The results are summarized in Table I. 

 As is evident from Fig.3, looking from the perspective of 
obtaining the least cross term interference, STFT, Gabor 
Spectrogram and Adaptive Spectrogram are preferable as 
they show minor or negligible cross-term interference. 
However, WVD, CWD and CSD generate strong cross term 
interference. STFT suffers from poor t-f resolution.  
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Therefore, STFT suffers from the trade-off between 
obtaining good time-frequency resolution and negligible 
cross term interference. Whereas, WVD and Gabor 
Spectrogram provide fine t-f resolution. CWD offers 
moderate resolution but CSD shows coarse resolution as 
compared to CWD. However, the Adaptive Spectrogram 
outperforms others in obtaining finest t-f resolution as it 
adapts to the characteristics of the input signal. Also, no cross 
term interference is seen as it ignores the cross-terms in the 
calculation and thus seems to be best suited for analyzing a 
non-stationary signal such as wrist pulse signal. 

TABLE I.  COMPARISON OF T-F TECHNIQUES FOR 
ANALYZING A NON-STATIONARY SIGNAL 

T-F 
Distribution 
Technique 

Cross Term 
Interference 

T-F Resolution 

WVD 
Generates strong cross 
term interference 

Fine t-f resolution 

STFT Almost negligible Coarse t-f resolution 

Gabor 
Spectrogram 

Minor Fine t-f resolution 

CWD 
Generates cross term 
interference but lower 
than WVD 

Moderate t-f resolution 

CSD 
Generates cross term 
interference but lower 
than WVD 

Moderate t-f resolution 

Adaptive 
Spectrogram 

No cross term 
interference 

Best t-f resolution 

IV. CONCLUSION 

Various methods for the inspection of non-stationary WPS 
were presented using joint time-frequency distribution 
techniques. The results of each of these techniques were 
compared based on the cross term interference and 
time-frequency resolution. Out of all these techniques, 
adaptive spectrogram resulted in best t-f resolution and does 
not include any cross term interference for the analysis of 
WPS.  
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