
International Journal of Advanced Computational Engineering and Networking, ISSN(p): 2320-2106, ISSN(e): 2321-2063 
Volume-7, Issue-10, Oct.-2019, http://iraj.in 

A Survey in Wireless Sensor Network based on Time Synchronization 
 

1 

A SURVEY IN WIRELESS SENSOR NETWORK BASED ON TIME 
SYNCHRONIZATION 

 
1RAVI KUMAR, 2RAJENDER KUMAR 

 
1,2Department of Electronics and Communication Engineering, National Institute of Technology, Kurukshetra, India 

E-mail: 1ravikumarakola@gmail.com, 2rkumar.kkr@gmail.com 
 

 
Abstract - Wireless sensor networks is the region in which small devices are spread. Time synchronization plays an 
important role in the sensor networks. Over the period of time wireless sensor networks has come out to be the most 
important research field for the scholar. Time synchronization aims to synchronizing the time of different sensor node to the 
root node to operate them without delay. The main factor that influence the synchronization is send time TS, receive time TR, 
propagation time TP, temperature change and clock design due to imperfection of quartz crystal. The paper explain different 
techniques, topology and synchronization algorithms to syncing the child nodes to the root node. The motive of writing this 
paper is to study different technique, topology and approaches to secure time synchronization and create new 
synchronization technique and compare the new one to the previous technique and get the better synchronization in the 
wireless sensor network. 
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I. INTRODUCTION 
 
Sensor network has emerged as a prominent research 
area in the recent time and it is widely used in the 
data acquisition, home automation, industrial 
automation, health monitoring application. In many 
application involve a large number of sensor and due 
to imperfection in quartz crystal, temperature, 
humidity, pressure, and different environment 
condition the clock run at different frequency and due 
to which the clock drift arises[1, 3]. The applications 
of Sensor network requires that the time should be 
synchronized in the network. TDMA radio 
scheduling, message ordering, environmental 
monitoring, mobile object (target) tracking, and data 
fusioning are some example of its applications. Let 
the application of mobile object tracking, in which 
the sensor network is deployed is an area of interest 
of the monitor passing objects. To detect the object 
the sub-node detect the position and location of the 
object and send these information to the main node 
but the actual location and position of the object is 
different from the received one, so to avoid this time 
shift between the real one and the received one we 
need the proper synchronization of the sensor nodes 
[2]. This time shift occurs in the sensor network 
because of send time, settling time and receive time 
of the sensor nodes. For synchronization of sensor 
nodes of the network GPS technique is not useful 
because sensor nodes are very small in size and low 
energy consumption devices and GPS technique is 
costly [3]. Conventional techniques that have used in 
wired network is not suitable in wireless sensor 
network. Because those technique are frequently used 
in internet and very typical to implement and has 
energy efficiency problem. Sensors are design to 
confront in the raucous environment and condition. 
Deployment of extra sensors in the network is only 
for reduce the redundancy occur in the network 

because of node failure. Generally node failure 
happens because of power draining of sensor as we 
know sensors are very low power device so the life 
span of the sensors mostly depend on the battery 
power of the sensor. We use life time of sensor 
network only at the time of performance evaluation of 
sensor network and it depend on the total life time of 
the sensor network not on the single device and total 
life time of the network is the average life time of  all 
sensor node[4, 7]. 
This paper propound a novel time synchronization 
scheme for wireless sensor networks. First it create 
the spanning tree of all the sensor nodes and then this 
tree is further divided in sub-tree and then we 
synchronized these sub-tree with the help of two 
algorithms and compare the performance reference 
broadcast synchronization (RBS) in the network. 
Then we found that the proposed algorithms scheme 
performance is better than the RBS approach [3, 5, 7]. 
In the remaining paper we describe synchronization 
technique, network model, and performance 
evaluation, and final section gives the conclusion. 
 
II. NETWORK MODEL 
 
Let us assume there are N sensor nodes present in an 
area A, and each sensor node is triggered by its own 
clock and has its own notion of time. To synchronize 
all the sensor node with each other we need a 
common time scale and common notion of time. First 
we take a node as the reference node or “root node” 
and then take the clock of it as a reference to others. 
This reference or root node will act like a gateway 
between the external world and the network and will 
synchronize it to the real world [5]. Then we 
synchronize the other node to the “root node”, i.e., 
adjust the clock of other node to the root node. Fig. 1 
gives the brief idea of sensor network. 
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In Fig. 1, the circle denotes the area A of the sensor 
nodes and the red point on the middle of the circle 
represents the root node. The all other node are 
directly synchronize with its immediate neighbor and 
each node in the area A has its own identifier. Link 
between the sensor nodes is bidirectional to generate 
the spanning tree and this spanning tree includes all 
the sensor nodes of the area A and this 
synchronization technique is mostly  spanning tree 
based. 
 

 
 

Figure 1. The working model of a Wireless Sensor Network. 
 
III. PROPOUND SYNCHRONIZATION 
TECHNIQUES 
 
A. The Generation of Spanning Tree 
Initially the parent node will enter in to the spanning 
tree and it will assign as level 0, it has its own 
identifier and level. After this the root node will 
search its sub node by transmitting the identifier by 
child-finding packets. The sub node has its level 1, 
which is higher than its parent nodes level.  Then all 
the sub node will act like parent node and they 
transmit there identifier and children find packet to 
the neighbour and entered in to the spanning tree. 
This process will keep on moving until the last node 
of the sensor networks enter in to the spanning tree. 
At last we observed that the node that entered in to 
the spanning tree may encounter the second time 
children find packet and identifier, and in that case 
the node will reject those packets. Fig. 2, shows the 
formation of spanning tree and at last Fig. 3 show the 
creation of spanning tree. 
 
In Fig. 2 node 0 is the parent node and arrow sign 
denote the “children find packets (CFP)”. Here the 
node 6 start transmitting the packets and the identifier  
and then root node 0 will receive the packet and reject 
it because node 0 has already entered in to the 

spanning tree process. This is the packet neglecting 
process. Fig. 3 will have four level and our 
synchronization method is based on it. 

Figure 2. Spanning Tree Formation Process. 
 
B. Techniques used for Synchronisation 
Synchronization schemes motive is to adjust the 
clock frequency of all the node at the reference 
frequency or the root node clock frequency [3, 7]. 
There are different technique which are used for 
synchronization the sensor nodes of the network. 
 

 
Figure 3. Analysis of conventional time synchronization and 

Reference Broadcast Synchronization. 
 
1) Conventional Time Synchronization 
In conventional time synchronization, network node 
send the message signal to the receiver, with its 
current identifier and local time like network time 
protocol (NTP). Then the receiver adjusts its local 
clock accordingly to the received one. This technique 
works only if delay time between the sender and 
receiver is less. If delay is large, receiver will use that 
time to synchronize the network and will consider 
that the node will reply instantaneously and calculate 
the round trip time [5]. 
2) Reference Broadcast Synchronization (RBS) 
The sensor nodes repeatedly send beacon messages to 
their neighbours using the network’s physical-layer 
broadcast during RBS scheme and beneficially for 
comparing their clocks, it uses the message’s arrival 
time as a point of reference. Here the message has got 
no clear timestamp, and also it is not important when 
it is sent. 
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The accuracy of RBS is generally calculated by the 
amount of Time taken by the reference node or time 
to process it [7]. In Fig. 3, it clearly denote the sender 
and receiver has drift time which can be calculated by 
the synchronization algorithms. 
 
C. Propound Synchronization Algorithms 
It first define a node and it’s all sub-nodes in the 
spanning tree as a sub-tree and then divide sub-tree 
from the spanning tree. The sub-tree are identified by 
its parent node or root node, root node has level 0 and 
sub tree has level 1 which is one higher than root 
node’s level [3, 8]. 
 

 
Figure 4. Spanning tree creation. 

 
In sub-tree our goal is to synchronize the parent node 
to the chid node. And every child node act as a parent 
node to its child node when it entered in to the 
spanning tree. And this synchronization method will 
go on until all the node is synchronizing to the root 
node. To synchronize the child nodes with the root 
node we use two algorithms which are as under 
below. 
1) Bi-Directional Message Exchange Algorithm 
As shown in Fig. 5, the bidirectional message 
exchange process each child node, and send the 
message at time T0 to the father node.  And then 
father node receive the clock sync message at T1. At 
the same time the root node send back reply message 
containing T0 and T1, and child node get reply from 
the root node at time T2. So we have 
 
T T α β                                                  (1) 
T T α β                                                  (2) 
 
Where α denotes the relative time shift between child 
node and parent node and the propagation delay is 
denoted by β for the clock modifying message. Let 
the clock drift be constant between two nodes for a 
small period of time of a single bidirectional message 
and the propagation delay is also constant. Therefore 
from equation (1) and (2) we get, 

α                                                (3) 

 

β                                                (4) 

Hence the child node has the knowledge of 
propagation delay and clock drift and then the local 
clock is synchronized to the father node. 

 
Figure 5. Bidirectional message exchange algorithms 

 
The sub-tree synchronization will be achieved if all 
the child nodes have synchronized with the father 
node. 
 
2) Broadcasting based Improved Algorithms 
In initial phase, bi-directional message exchange 
technique between child and father node is used and 
then synchronize the child node to the parent node. 
In second phase father node will transmit clock 
adjusting message to all children node including the 
sync child node. When child node receive message 
signal then it try to exchange with the other one and 
calculate the clock drift, if father node is 
synchronized with all the other node, then sub tree 
synchronization is achieved [2, 4]. 
So we can say that the improved algorithms are easy 
and have fewer messages to achieve the 
synchronization and is energy efficient. More energy 
will be saved if the node count increases. 
 
IV. PERFORMANCE APPRAISAL 
 
The performance of the network may be appraised by 
the calculation of synchronization error and 
synchronization delay. 
 
A. Delay in Synchronization 
There is two important factors in Total 
synchronization delay. One is time of creating 
spanning tree i.e Ttree and other one is time of 
synchronization Tsync 
Delay= Tsyn  + Ttree                                                (5) 
The Fig. 6 compare the synchronization delay in 
between the RBS and tree based scheme we find that 
delay in our scheme is reduce. And as the number of 
node will increase the delay time will decrease. 

 
Figure 6. Synchronization delay v/s the number of all the nodes 

for our proposed scheme. 
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B. Error in Synchronization 
Second phase is always accompanied by 
synchronization error. For different node, the 
synchronization error is different. So to calculate the 
synchronization error, individual error is considered 
for single node. Afterwards the whole problem is 
discussed for the entire network [6]. 
In entire network we will discuss the error as the 
average synchronization error and we see that the 
error in the proposed scheme is much lesser than that 
of RBS [8]. 
 
V. CONCLUSION 
 
The proposed time synchronization scheme is very 
simple and easy to understand. By creating the 
spanning tree we divide the whole network in small 
sub tree and connect all the nodes to each other and to 
synchronize the entire network we propose two 
algorithms. The performance of second algorithms is 
much better than that of first one. In case of both 
synchronization delay and synchronization error the 
performance of the proposed scheme is much better 
than reference broadcast synchronization. 
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