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Vibration Sensor Error Minimization In IoT 
Applications 

 
 

 
Abstract: This paper introduces the examination issues 
in the uses of Internet of Things. Accuracy in IOT cause 
different type of problem in message exchange between 
nodes. The message is disordered, lost due to accuracy 
which is minimizes or reduces by the help of 
synchronization protocol. Some application requires that 
a message must be delivered within a specific time, 
otherwise the message becomes useless or its information 
content decrease after the time bound. Therefore one of 
the main goals of these protocols is to completely control 
the network delay. The goal of this research in IOT is to 
improve the accuracy by minimizing error due to loss of 
synchronization or delay in synchronization. In this 
research we reconstruct the signal and developed an 
approach to recover the true signal and different 
approaches based on synchronization are proposed for 
optimal functionality. 
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1. Introduction: 
A Internet of Things (IOT) is a group of hundreds or 
thousands of sensor nodes that have capabilities of sensing 
the environment and communicate the information in 
wireless medium [1].Internet of Things is the collection of 
sensor nodes with limited resources that work jointly in 
order to achieve a common goal. Sensor nodes are not only 
used for military applications, and they have also used in 
geographical monitoring, environmental monitoring and 
control, pollution monitoring, target tracking, navigation, 
transport, health and medical, emotion based computing and 
so on The limited energy resource is the drawback of the 
Internet of Things, so to save the energy, the nodes must 
turn on and off their transceiver at appropriate time, an 
accurate timing between the nodes is required. Sensor nodes 
are very tiny device and running with a limited energy, so it 
is not simple to synchronize nodes effectively because an 
energy consumption. 

There are lots of reasons to showing the 
synchronization problems in sensor networks. Some reasons 
are as following: 
1. Sensor nodes are required to co-ordinate their operations 
to perform a special task, e.g. Data fusion. In this data is 
collected at different nodes or a single node are combined 
into a meaningful result. 

2. Life time of network is dependent on the power. So to 
increase the life of network, we need to used power saving 
methods. Example, when using power-saving modes, the 
nodes must be sleep and wake up at coordinated times 
means synchronized. 

Time synchronization is important for a sensor 
network. Time synchronization in a network is for providing 
a common time for nodes in the network. To recognize the 
correct event time, sensor nodes must be synchronized 
among themselves with universal time called global time. 
Therefore, time synchronization is significant characteristics 
in Internet of Things. Local clock make time 
synchronization an important part of IOT. 
Four basic components of time synchronization which 
provide communication delay [5]: 

 Send Time 
 Access Time 
 Propagation Time 
 Receive Time 

 
Send Time 
Send time which is the total time of building the message 
and transfer it to the network interface to be sent. This time 
mostly depends on the operating systems in use.  
 
Access Time 
Access time is that time in which the time needed to access 
the channel. Every network engages a medium access 
control scheme.  
 
Propagation Time 
Propagation time is that time in which the time required to 
propagating the message through the air from the network 
interface of the sender to the network interface of the 
receiver. 
Receive Time 
Receive time is that time in which  the time spent by the 
receiving node in receiving the message by network 
interface and transmitting it to the application layer of the 
host and decode it.  

The performance of time synchronization is effected 
by various factors such as Precision, Complexity, 
Convergence time, Network size, and Energy consumption. 
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This work introduced of the examination issues in the 
uses of IOT. Accuracy in IoT cause different type of 
problem in message exchange between nodes. The message 
is disordered, lost due to accuracy which is minimizes or 
reduces by the help of synchronization protocol. Some 
application requires that a message must be delivered within 
a specific time, otherwise the message becomes useless or 
its information content decrease after the time bound. 
Therefore one of the main goals of these protocols is to 
completely control the network delay. The goal of this 
research in IoT is to improve the accuracy by minimizing 
error due to loss of synchronization or delay in 
synchronization. In this research we reconstruct the signal 
and developed an approach to recover the true signal and 
different approaches based on synchronization are proposed 
for optimal functionality. 

 
2. Related Work: 
If partners derive utility from joint leisure time, it is 
expected that they will coordinate their work schedules in 
order to increase the amount of joint leisure. In order to 
control for differences in constraints and selection effects, 
this work uses a new matching procedure, providing 
answers to the following questions: (1) Do partners 
coordinate their work schedules and does this result in work 
time synchronization?; (2) which partners synchronize more 
work hours?; and (3) is there a preference for togetherness? 
Chris van Klaveren, and Henriette Maassen van den 
Brink, (2007) [1],  found that coordination results in more 
synchronized work hours. The presence of children in the 
household is the main cause why some partners synchronize 
their work times less than other partners. Finally, partners 
coordinate their work schedules in order to have more joint 
leisure time, which is evidence for togetherness preferences. 
 
In [2] recent years there has been a growing interest in 
Internet of Things (IOT). Recent advancements in the field 
of sensing, computing and communications have attracted 
research efforts and huge investments from various quarters 
in the field of IOT. Also sensing networks will reveal 
previously unobserved phenomena. The various areas where 
major research activities going on in the field of IOT are 
deployment, localization, synchronization, data aggregation, 
dissemination, database querying, architecture, middleware, 
security, designing less power consuming devices, 
abstractions and higher level algorithms for sensor specific 
issues. This work provides an overview of ongoing research 
activities, various design issues involved and possible 
solutions incorporating these issues. This work provided a 
cursory look at each and every topic in IOT and our main 
aim is to introduce a newbie to the field of IOT and make 
him understand the various topics of interest available for 
research. Internet of Things have created wide range of 
challenges that still needs to be addressed. In this work 
Gowrishankar. S, T. G. Basavaraju, Manjaiah D. H, and 

Subir Kumar Sarkar, (2008), [2],  have identified a 
comprehensive list of issues associated with Internet of 
Things. They have also discussed some popular protocols 
implementing these issues in part or as a whole. The impact 
of Internet of Things on our day to day life can be 
preferably compared to what Internet has done to us. This 
field is surely going to give us tremendous opportunity to 
change the way we perceive the world today. 
 
Modal parameters identification with emphasis on the 
natural frequencies and mode shapes of the 5-storey steel 
structure based on both FDD and WT has been presented in 
comparisons between them as well as with FE model results 
by Thai-Hoa Le and Yukio Tamura, (2008) [3]. Identified 
natural frequencies and mode shapes from FDD and WT are 
quite good agreement with the FE results. It seems that FDD 
expresses better than WT in the natural frequencies 
extraction not the low-order modes but also high-order ones. 
FDD can extract natural frequencies at arbitrary frequency 
resolution, where WT is favorable for actually dominant 
frequencies. WT also requires more localized high-
resolution analysis for extracting natural frequencies of 
high-order and non dominant mode shapes. 
 
The effect of non-synchronous sensing when using wireless 
sensors on structural modal identification is addressed and a 
methodology for correcting such errors proposed by Z.Q. 
Feng, and L.S. Katafygiotis (2011) [4],. Their work first 
discussed the potential sources causing non-synchronous 
sensing and estimates the extent of non-synchronous 
sensing based on data collected from Imote2 sensors, and 
then investigated the impact of synchronization errors in the 
measured output response on modal identification using 
numerical simulations. The simulation results show that 
even small synchronization errors in the output response can 
distort the identified mode shapes. A new methodology is 
proposed herein for eliminating such errors. This 
methodology estimates the power spectral densities (PSDs) 
of output responses using non-synchronous samples directly 
based on a modified FFT. As long as the corrected PSDs are 
obtained, the correlation functions can also be easily 
obtained by IFFT. Then these corrected PSDs or correlation 
functions can be fed into various output only modal 
identification algorithms. The proposed methodology is 
validated using numerical simulations. It is found that the 
simulation results closely match the identified parameters 
based on synchronous data.  
 
Considering its central importance to sensor networks, time 
synchronization has received extensive attention by the 
research community. Nevertheless, Yin Cheny Qiang, 
Wangz, Marcus Changy and Andreas Terzis, (2011) [5],  
argue in this work that existing approaches introduce 
undesirable trade-offs. For example, while GPS offers 
excellent accuracy for outdoor deployments, the high cost 
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and power consumption of GPS receivers make them 
prohibitive to many applications. Message-passing 
protocols, such as FTSP, introduce different sets of 
compromises and constraints. In this work, we present an 
inexpensive and ultra-low power (< 100 μA) mote 
peripheral, we term the Universal Time Signal Receiver, 
that leverages the availability of time signals transmitted by 
dedicated radio stations around the globe to provide access 
to UTC time with millisecond-level accuracy. We present 
experimental results measuring signal availability, quality of 
synchronization across motes, and power consumption. We 
show that the proposed universal time signal receiver 
achieves global time synchronization and for applications 
where millisecond-level precision is sufficient, it consumes 
up to 1,000 times less energy than GPS or FTSP. 
 
3. Methodology 
Crucial to the success of the vision also lies in the 
development of compelling applications. Currently, a 
variety of research activities in government, academia and 
industry are underway, stemming from a variety of 
applications envisioned. DARPA envisions using distributed 
sensors deployed by the thousands in battlefields to detect 
the presence of enemy tanks. Scientific users hope to enable 
widespread environmental monitoring and collection of 
experimental data. Manufacturers could use the technology 
to sharply reduce the cost of wired sensors in factories [22], 
and ware houses could use location sensors to actively track 
inventory. Sensors in automobiles could react to traffic jams 
and pass messages to others warning them to take different 
routes. Consumers could benefit from devices that showed 
them where to find their keys, where they parked their car, 
where their camera is and if it needs film, and if they need 
to water their plants. The sheer numbers of cooperating 
devices envisioned and the specific requirements in terms of 
cost and energy efficiency require revolutionary solutions in 
areas ranging from microfabrication integration to energy 
efficient self-organizing networking. 
In order to eliminate the synchronization errors, direct 
intuition suggests reconstructing the synchronous samples 
from measured non-synchronous ones. This is so called 
signal reconstruction, and some work has been done for this 
purpose. Rather than reconstructing the signal in the time 
domain, we develop a correction approach to recover the 
true spectral density using non-synchronous samples in the 
frequency domain. This approach is based on the spectral 
relationship of synchronous data and non-synchronous data. 
Because only spectral densities or correlation functions are 
needed for most of modal identification algorithms and raw 
synchronous time histories are not needed, reconstruction of 
the signal in the time domain is unnecessary. As long as we 
are able to obtain the corrected spectral densities, the 
correlation functions can also be easily obtained by IFFT 
and then we apply DWT and improve it.  
 

Constant time shift 
Consider two time histories {ݔఈ(0), (ݐ∆)ఈݔ … … … } and 
′ఉݔ} ′ఉݔ,(ߜ) ݐ∆) + ,(ߜ …} 
 
Where   ߜ=constant time shift in ݔఉ′  
        Calculate the discrete Fourier transform (DFT) for ݔఈ 
ܺఈ(߱௞) = ∑ ఈ௡ୀேିଵݔ

௡ୀ଴  ௝ఠೖ௡∆௧  (1)ି݁(ݐ∆݊)
 
  Where ߱௞ = ݇∆߱ 
 
Now we have to calculate the DFT of the shifted signal ݔఉ′  
 
ఉܺ
′ (߱௞) = ݁௃ఠ಼ఋ . ఉܺ(߱௞)    (2) 

 
Here ఉܺ(߱௞) is the DFT of the original signal.  
Therefore, 
 
ఉܺ (ݓ௞) = ܺ ′ఉ(ݓ௞)݁ି௝௪ೖఋ    (3) 

 
Where ݓ௞ =  ݓ∆݇
 
Then, the true cross spectral density estimate can be 
obtained by: 
 
ܵ௫ഀ௫ഁ(ݓ௞) = ∆௧

ேഀ
ܺ(௞ݓ)ఈܺൣܧ ′ఉ(ݓ௞)൧  (4) 

 
Linear time shift 
 
             Consider two time histories {(ݔఈ(0),ݔఈ(∆ݐఈ) …..} 
and {(ݔఉ(0),ݔఉ൫∆ݐఉ൯…} 
         
             Having different sampling frequencies,  i.e. 
                       
ఈݐ∆                           ≠      ఉݐ∆
 
                  
           In order to ensure that ܺఈ(ݓ௞) and 
ఉܺ(ݓ௞) correspond to the same discrete frequency       when 

calculating the cross spectral density, their frequency 
resolutions should be identical, i.e. 
 
                          ∆߱ఈ ≡ ∆߱ఉ   
  
             So there duration time should be same i.e., 

ܰఈ∆ݐఈ = ఉܰ∆ݐఉ 
                                                                    
ேഀ
ேഁ

=
∆௧ഁ
∆௧ഀ

      (5) 

 
Where ∆ݐఈ =Sampling Interval                       ∆ݐఉ=Sampling 
Interval 
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          So the cross spectral density: 
                                                                    
ܵ௫ഀ௫ഁ(ݓ௞) = ∆௧ഀ

ேഀ
ܺ(௞ݓ)ఈܺൣܧ ′ఉ(ݓ௞)൧ =

∆௧ഁ
ேഀ
ܺ(௞ݓ)ఈܺൣܧ ′ఉ(ݓ௞)൧      (6) 

 
 
In reality,the time shifts of non-synchronous data are a 
combination of constant time shifts and linear time shifts 
[4].  
 
A. Algorithm 
The procedures for computing the true power spectral 
density estimate from non-synchronous data in IOT are as 
follows: 
Step 1: Calibrate the sampling frequencies of each sensor 
board before sensing experiment. 
 
Step 2: Do sensing experiment, and make sure the time 
stamps are also recorded when sampling. 
 
Step 3: Set one sensor as reference and partition the data 
into several segments. Each segment     has a length of Nr 
data points. 
 
Step 4: Partition the data in other sensors into several 
segments as well. The first data point of each segment is 
chosen as close as possible to the first data point of the 
corresponding segment in the reference sensor data by 
comparing their time stamps. The length Ni of each segment 
is chosen such that the Eq. (5) holds approximately. 
 
Step 5: Calculate the wavelet transform of each segment and 
perform denosing. 
 
Step 6: Calculate the cross spectral using Welch method. 
 
Step 7: Apply peak finding algorithm and determine the 
peak values of CPSD spectrum and the respective 
frequencies at 5 significant peaks. 
 
B. System parameters 
 

Table 1: System Parameters 
Sensing instant 10000 
Sampling Frequency (fs) 40Hz 
Sampling Time (Ts) 0.024 sec 
Sampling Instant k.Ts 
Number of Node 2 
 
 
C. Flowchart 

 
Fig 1: Flow chart 

 
4. Result and Discussion: 
the analysis of non-synchronous sensor behavior and modal 
identification is performed by using MATLAB 
programming environment simulations. A new wavelet 
denoising based cross power spectral density estimation for 
eliminating synchronization errors is described and 
validated by an illustrative example using simulated data. 
The potential sources behind non-synchronous sensing 
considered in this work are clock synchronization error; 
non-simultaneous sensing start-up time, differences in 
sampling frequency of the sensor nodes and non-uniform 
sampling interval with respect to the time.All the signal is 
sampled with a constant sampling interval of Ts and all the 
sensors are simulated to start sensing at the similar time.  
Due to the reasons mentioned above, the kth data point is 
actually sampled at a different time instant: 
 

tk’= k.Ts+ δ + ck + ε(k) 
 
where, δ : constant time shift, coming from sources since the 
clock synchronization error is relatively very low hence in 
this case sensing start-up time delay is considered only.  
ck: linear time shift, coming from source the coefficient c is 
the difference in the real sampling time and nominal 
sampling time. 
 ε(k)  : random time shift, these time jitters result in a error 
type of non-uniform sampling. 
As per the above parameter definitions the values which are 
specified in the algorithm are: 
Sampling time (sec)   ;   Ts =     0.025 
No. of sensors; N =    15 

Select sensor 

Do sensing experiment, record 

Set sensor 1 as reference and 
perform segmentation 

Denoising through Wavelet 
transformation 

Calculate Peak 
Error 

 

Calculate CPSD 

Perform Peak Picking P=5 

Calculate 
Frequency Error 
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b) Sensors startup time error; del (secs.) =[   -0.0017266  -
0.00025469   -0.0013046   -0.0018956    0.0018187  -
0.00027761    0.0018462    0.0010497   -0.0019706   
0.00072015    0.0008238   0.00058052  0.00020924   -
0.0011276    0.0010895]. 
c)  difference in sampling frequency: 
     for baseline it is no shift ;c1=0, 
for  constant shift  (sec) c2 =   0.02 seconds and  
for linear shift   (sec) 
fs1 =    40.486 hertz 
fs2 =     39.84 hertz 
Ts1 =     0.0247 secs. 
Ts2 =       0.0251secs 
c3 (sec.)=[ 0.00029998   0.00029998  -0.00010021  -
0.00010021   0.00029998   0.00029998  -0.00010021  -
0.00010021  -0.00010021  -0.00010021   0.00029998  -
0.00010021   0.00029998  -0.00010021   0.00029998]. 
 
we have applied 1-D wavelet denoising on the received 
signal on all the segments and then evaluated the CPSD of 
X1 and X2 segments to determine the peak values of 
spectrums and the frequency values at respective peaks. 
 

 
Fig 2: Segment wise Wavelet Transform at different 

sampling instants. 

 
Fig 3. Data before and after 1D DWT denoising for 

segment 1. 
 
The data segments are passed through the wavelet 
transforms and the wavelet decompositions produced the 
segment data in different components such that the signal is 
decomposed into several frequency component. The high 
frequency components are suppressed and thus the signal 
flickers related distortions are eliminated. Figure 1 shows 
the data obtained after DWT of noisy segments. These are 1 
to 9 segments and each segment has 200 samples. Hence the 
transformed data is shown in surface plot.   
 

 
Fig 4. Data before and after 1D DWT denoising for 

segment 2. 
 
After applying the wavelet denoising the CPSD in between 
segments of X1 and X2 received signal is evaluated by 
Welch method. The peak finding command is used for 
determining the cross power spectrum magnitude and the 
respective frequency index and the frequencies are 
determined for both data i.e peak finding data of signal; 
without applying 1-D DWT denoising and with applying 
denoising. 
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Fig 5: Data before and after 1D DWT denoising for 
segment 3. 

5. Conclusion: 
The purpose of this work is to implement an algorithm using 
MATLAB platform for analyzing and removing the 
challenges of non-synchronous sensing errors in the sensor 
nodes using modal identification methods in applications of 
wireless sensor networks. The causes behind the non-
synchronous sensing in terms of baseline, constant shift and 
linear shift are first discussed and then simulated for group 
of sensors with delay in their sampling time. The effects of 
this delay are observed and after these there effects on 
frequency and peak spectrum are estimated based on data 
collection by the sensors. Among this error behind non 
synchronous behavior the most prominent ones are non 
simultaneous activity of sensing at starting and differences 
in sampling frequency among the entire sensor. According 
to simulations results of the algorithm it has been concluded 
that these errors can distort the identified results and hence 
creates misleading measurements of frequency and 
spectrum modal shape. A new methodology as a 
combination of 1D wavelet denoising and Welch power 
estimation  is proposed and implanted by the algorithm for 
eliminating errors due to loss of synchronization in sensor at 
sampling time. This methodology selects the signal 
segments at the point of nearest sampling time error. 
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