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Abstract— Human motion recognition is very important 

for surveillance, search and rescue operation, smart 

homes, and senior care. In daily life, we over come through 

many kinds of human motions which exhibits different 

characteristics. In this paper  detection , tracking and 

analyzing the motion by using Ultra wide-band (UWB) 

mono-static radar and implementing COMPLEX 

WAVELET TRANSFORM (CWT) method and the 

motion is displayed in LCD. Since spectral(frequency) 

information and partly the information about event in 

time is accurate in CWT method is implemented in this 

paper. Time and frequency analysis, measurement of the 

crest factor, the dynamic range, etc can be done by sound 

analysis to differentiate some parameters among the 

motions. This proposed method can be applied in 

automated surveillance system for detecting and 

monitoring movements which can be used both in indoor 

and outdoor environments. The proposed method could 

also be beneficial in smart homes ,senior care, medical 

application and military to provide the Real Time Security 

System by developing a system which monitoring the area 

in which it is implemented. 

Index Terms— Human motion recognition, different types of 

motions, CWT method, UWB radar, non-contact, LCD 

display. 

                    

                              Introduction  

                   Human motion recognition has great interests in 
different scenarios such as surveillance, search rescue 
operation, smart home and senior care. It has an intelligent 
interaction and also injuries and chronic diseases can 
significantly impact mobility of the elderly and their 
performance of common daily activities. 
                  Radar is an object-detection system that uses radio 
waves to determine the range, angle, or velocity of objects. 
The Radar system mainly consists of a transmitter which 
produces an electromagnetic signal. When this signal strikes 
any of the objects, it gets reflected or reradiated in every 
direction. This reflected or echo signal is received by the 
receiver, where it is processed to determine the geographical 
statistics of the object. 

                  Various methods for human motion recognition 
have been proposed. The sensor used can be generally divided 
into wearable and the non-wearable. Wearable sensors such as 
bracelet and ankle monitors are typically attached to human 
body. However they can be easily broken, and has high false 
alarm rates. They must be worn or carried. Non-wearable i.e., 
Non-contact detection technologies have broad research 
interests. The most common non-contact sensors include 
cameras, microphones and radar systems.  
                 Many approaches have been proposed for detecting 
the moving object and for image compression like 
surveillance, monitoring, object  recognition etc. Although 
monitoring  human motion is still in its early stage of 
development  based on using radar system, some researches 
have explained  its advantage of robustness, privacy and safty. 
               In real time video surveillance with movement 
capture frame and auto recorder which takes huge amount of 
storage space and time duration is larger so storage gets 
limited. In this they use robust motion detection algorithm and 
web camera to detect motion to overcome object mask 
problems and stores the image with less number of bytes. 
However it requires large space to capture the image .   
              In previous work, Chang developed an algorithm for 
UWB radar-based human detection in an urban environment 
along with other non moving objects with 1.58% false alarm 
rate. Thereafter, for multipath observation clustering, 
Expectation-Maximization Kalman Filter (EMKF) algorithm 
was developed to use in UWB radar for fixed number of 
humans.  By frame difference method, it performs detection of 
moving object by capturing sequence of  frames using static 
camera. It adopts pixel-based difference to find the moving 
object. This  method is commonly used  for detecting  motion. 
 In existing system, they used video surveillance which  
consume huge storage space. Laser Detection and Ranging 
(LADAR) performance is degraded in dusty and foggy 
conditions.   
                Based on frame difference method moving object is 
detected from static background scenes. Frame is captured 
through static camera. At regular intervals the frames are 
captured then absolute difference is calculated and stored in 
system then it is converted into gray image and then converted 
into binary image. The camera will not remain static when 
there is air moves. So even   when there is no movement of  
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object it result in motion and shows holes in the binary 
output images.In the work of Chuanwei Ding ,  is to first 
pre-screen the layer information in time-range  domain and 
to differentiate in-situ and non-insitu motions. In this paper 
they used Weighted range-time-frequency transform 
(WRTFT) method inorder to obtain corresponding 
spectrograms. Two main features like physical empirical 
and PCD-based features are used to classify the specific in-
situ and non-insitu motions.  In this wide range of relatively 
high velocity motions can not be recognized. In recent they 
use Passive Infrared (PIR) sensor sense only a limited range 
of distance. In this system detection is not possible when 
any block is made between the PIR sensor and  humans.  
 

PROPOSED SYSTEM: 
                 We proposed a system based on Complex 
Wavelet Transform algorithm for human presence detection 
and tracking using  an Ultra-Wideband (UWB) impulse-
based mono-static radar. We use UWB radar because it 
works well in poor visibility and on through-wall 
conditions. This system is Independent of temperature, 
humidity, noise, airflow, dust, light, etc., suitable for the 
harsh environment. The output power is small, and did not 
constitute a hazard to the human body. It detects in the range 
of more than 20 meters . It is strong resistance to RF 
interference. 
 

BLOCK  DIAGRAM: 

 
 

 

 

 

A.UWB RADAR:  
                  Ultra-wideband (also known as UWB, ultra-wide 
band and ultra-band) is a radio technology which uses very 
low energy level for short-range. UWB radar provides high-
resolution ranging and localization capabilities due to the 
fine temporal resolution afforded by its wide signal 
bandwidth. Most recent applications are target sensor data 
collection, precision locating and tracking applications. Here 
we use Mono-static radar which has inbuilt transmitter and 
receiver antenna.  
 

B.INSTRUMENTATION  AMPLIFIER:  

                    Instrumentation amplifiers(in-amps) are circuit 
elements which is used to amplify and extract the difference 
between two input signals or source by the users. Many in-
amps consists of three op-amps, they are two inputs circuits  
with two serving buffer and third as a differential op-amp . 
It’s a good devices when trying to amplify a differential 
signal. 
 

C.CLASS C AMPLIFIER: 

                  Class C amplifier are more efficient and  output 
power is obtained when compared with class A or Push-Pull 
class B and class AB. It is normally limited to applications 
as tuned amplifiers at radio frequencies (RF). Class C 
amplifiers are biased to get the conduction less than 180o 

 

D.COMPLEX WAVELET TRANSFORM: 

                 The wavelet transform is used to define the 
window function in well- localized in time and frequency. In 
this we use the conventional wavelet transform which is 
based  on real-valued wavelet function and scaling function. 
Use of complex wavelet can overcome the problems met in 
real valued wavelet: Oscillation, Shift variance and aliasing. 
By using CWT  we can reduce and eliminate the noise 
created in the original signal .  
                    

           Fig2. Representation of forward and inverse CWT  

 

E.SIGNAL PEAK ANALYSIS AND TIME INTERVAL 

ESTIMATION: 

                From the signal the amplitude difference between 
a peak and its immediate neighbors is specified using the 
threshold property the signal peak analysis is made and time 
intervals are calculat 
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F.MICROCONTROLLER(16F877A):  
                         The PIC16F877Ais a 28 pin DIP package. 
The architecture of PIC is HARVARD architecture. It 
consists of 3 ports such as Port A, Port B and Port C. The 
Port A has 6 pins and the analog signal is given to this. The 
Port B and Port C have 8 pins each. It has 3 types of 
instructions set such as Bit type, Byte type and Literal type 
instructions. In this the Accumulator is referred as Working 
Register or 1 and the registers are referred as Files or 0.      
This are the advantage of this PIC, Very low power 
consumption. Flash memory (rewrite up to 100,000 times). 
Easily writable. Easily changeable. Easily debuggable. Low 
cost. Good availability of parts. 
 

G.LCD DISPLAY:   

                   LCD(Liquid Crystal Display) consumes very 
less power than LED and gas-display because they work on 
the principle of blocking light rather than emitting it.    
 

EXPERIMENTAL RESULTS: 

                      First the human motion samples are collected 
from the radar in sound file to view in waveforms Sigview 
is used and then implemented in Matlab and the output is 
interference with the microcontroller. 
Sigview:  
              SIGVIEW is a real-time signal analysis application 
with the wide range of spectral analysis tools, statistical 
functions and comprehensive graphical solutions for 2D and 
3D graphics. You can use SIGVIEW to analyze offline or 
live signals, freely combine all included analysis tools and 
concentrate on analysis logic instead on program usage.   
        

 
                                  Fig3a.  With no human 

                       

 
                      Fig3b.  Human in motion(stand still) 

The above figure shows the signal sample collected from 
Sigview through UWB radar. Fig(3a) shows the signal wave 
when there is no human. Fig(3b) shows the signal wave 
when the human is detected in motion(run). 
SOUND ANALYSIS: 

           The signal analysis of a given sound file can be 
plotted in: signal in the time domain, signal in the frequency 
domain(Spectrum),signal in the time-frequency 
domain(spectrogram),amplitude probability distribution of 
the signal and the auto correlation .Here we going to explain 
briefly on three plots spectrogram , probability distribution 
of the signal and the auto correlation. 
SPECTROGRAM: 

                 Spectrogram computes the short-time Fourier 
transform of a signal. The spectrogram is the magnitude of 
this function. S=spectrogram(x) returns the spectrogram of 
the input signal vector x. By default x will be divided 
exactly into eight segments. Each column of s contains an 
estimated of  short- term, time-localized frequency content 
of x. Time increases across the column of s and frequency 
increases down the rows. 
 

 
Fig4a. With no human 

 

 
 

Fig4b.  Human in motion 
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Autocorrelation: 

         Autocorrelation (sometimes called serial correlation) 
occurs when one of the Gauss-Markov assumptions fails and 
the error terms are correlated. i.e. 1. 
Autocorrelation function is maximum in 0.Autocorrelation 
function is given as  , 

       
 

 
Fig5a. With no human      

 
Fig5b. Human in motion 

Tabulation: 

      

   Parameter 

        

      No human 

Human 

detected 

        ( Run) 

 

1.Sigma 

 

       0.08486 
 

   0.12582 
 

2.Mu 

 

     0.016416 
 

 -1.7872e-05 
 

3.Peak(crest)factor(Q) 

 

   21.2664 dB 
 

  18.0053 dB 
 

4.Dynamic Range D 

 

   66.1969 dB 
 

  46.5676 dB 
 

5.Autocorrelation 

time 

 

   0.36499 sec 
 

   6.2608 sec 

         

 

 

From the tabulation we can see the varition in parameters of 
two motions.this is done by using sound analysis. These 
values are calculated by doing this particular motions for 
more than five times and the average value is displayed in 
the table. 
 

COMPLEX WAVELET TRANSFORM: 

               The complex wavelet transform (CWT) is 
a complex-valued extension to the standard discrete wavelet 
transform (DWT). By using complex wavelet transform we 
detect of transients in oscillation can be found.Oscillation is 
an effect caused by transient response (a sudden change of 
state) of a circuit or system. 
            There are certain situations in time-frequency 
analysis where the CWT can provide a more informative 
time-frequency transform than the short-time Fourier 
transform. One such situation occurs when the signal is 
corrupted by transients. The appearance and disappearance 
of these transients often has physical significance. 
Therefore, it is important to be able to localize these 
transients in addition to characterizing oscillatory 
components in the signal. To simulate this, create a signal 
consisting of two sine waves with frequencies of 150 and 
200 Hz. The sampling frequency is 1 kHz. The sine waves 
have disjoint time supports. The 150-Hz sine wave occurs 
between 100 and 300 milliseconds. The 200-Hz sine wave 
occurs from 700 milliseconds to 1 second. Additionally, 
there are two transients at 222 and 800 milliseconds. The 
signal is corrupted by noise. The analytic Morlet wavelet 
exhibits poorer frequency localization than the bump 
wavelet, but superior time localization. This makes the 
Morlet wavelet a better choice for transient localization. To 
get back the original signal after complex wavelet transform 
the signal is inversed by the CWT. 
             Scaleogram or scalogram is the absolute value of 
the CWT of the signal, plotted as a function of time and 
frequencies. The scalogram can be more useful than the 
spectrogram for identifying signals with low frequency 
components or rapidly changing frequency content. 
              Scalogram is a visual method of displaying a 
wavelet transform. There are three axis in scalogram: X,Y,Z 
axis. Where Z is often shown by varying the color or 
brightness. 

             
                            Fig 6a. Scalogram of no human 
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                       Fig 6b.Scalogram of motion (Run) 

                  . 
HARDWARE SETUP: 

               

 
                         Fig7.  Experimental setup 

 
             
    This setup consist of transformer(step-down)which 
convert the incoming voltage and send it to the bridge 
rectifier and required 5V supply is generated and the mono-
static radar collect the signal and send it to the signal 
conditioner, then the sensor required standard signal is 
seperated. Then the signal is fed into instrumentational 
amplifier and through Data acquisition card  the samples are 
collected. Input is given to MATLAB2018a the required 
output is displayed in LCD with help of microcontroller. 
        

CONCLUSION: 

                    In this paper By using UWB impulse based 
mono-static radar and by implementing CWT method and 
sound analysis detection of human motion is done.  The 
motion’s which has wide range of relatively high velocity 
can be detected. Since UWB radar has wide signal 
bandwidth, it can provide fine temporal resolution. As UWB 
radar works well in conditions such as dark, foggy and rainy 
environments, it offers a complementary technology for 
human motion detection and tracking.           
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