
 

 

  
Abstract—In this paper, we propose a time synchronization 

scheme for mobile ad hoc networks (MANETs) that enhances the 
classic Timing-Sync Protocol for Sensor Network (TPSN) algorithm 
for cases where networks merge owing to the movements of nodes. In 
the proposed scheme, a newly arrived node can select the best 
reference from the existing nodes for the purpose of time 
synchronization. This scheme minimizes the number of nodes that 
need to be re-synchronized in merged networks. Numerical analysis 
shows that the proposed scheme is superior to the TPSN algorithm 
that uses a random selection scheme. 
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I. INTRODUCTION 
IME synchronization is an important issue in mobile ad 
hoc networks (MANETs). Many tasks in these networks 

require the local clocks of the nodes to be synchronized [1] 
[4]. In a MANET, the local network may be separated into 
several smaller networks or it may be merged into a bigger 
network due to the highly dynamic movements of the nodes. A 
new time synchronization is required when a network merge 
occurs, and as a result, two questions arise: 1) Which one of 
the existing nodes is most suitable as a time reference, and 2) 
How can that node be selected in a distributed manner?  

Various time synchronization protocols have been proposed 
in order to deal with accuracy and efficiency for wireless 
networks. The IEEE 802.11 standard uses a time 
synchronization function (TSF)  counter to synchronize the 
nodes that are in the ad hoc mode [2]. Time synchronization is 
achieved by nodes periodically by exchanging timing 
information with the access point (AP) . In the RBS  protocol 
[3], the sender node serves as a reference node for the 
synchronization of the local times of the two receiver nodes. 
The TPSN protocol [8] includes two steps. A tree structure 
must be established for the nodes in the network and then all of 
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the nodes are synchronized sequentially to the original 
reference node. Dechao Liu et al. proposed an improved TPSN 
algorithm in order to resolve conflicts in the process of 
synchronization [7]. The PBS protocol [5] synchronizes nodes 
by eavesdropping on the synchronization packets that are 
exchanged between neighboring nodes. Djamel proposed a 
new time synchronization protocol that is referred to as R4Syn 
[6]. This protocol uses the receiver-to-receiver principle that 
was introduced by the RBS protocol and has the advantage of 
distributing the referencing function to all of the nodes.  

However, these protocols do not consider the requirements 
for time synchronization that occur in dynamic networks that 
include mobile nodes. Our proposed scheme enhances the 
TPSN algorithm by simply adding essential information to the 
synchronization packets in order to minimize the steps that are 
required during the synchronization procedure for the entire 
network. The proposed scheme can give appropriate answers 
to the two questions that arise when multiple networks merge 
due to the movement of a node.  

The rest of the paper is organized as follows. In Section II, 
we review the TPSN algorithm that provides the basis for our 
proposed scheme and describe the synchronization problems 
that occur when networks merge. Section III presents the 
details of the proposed scheme. Section IV provides the 
performance analysis and numerical evaluation of the 
proposed scheme. Finally, the conclusion and a proposal for 
future studies are in Section V.  

II. PRELIMINARY 

A. Overview of TPSN 
The TPSN algorithm requires a hierarchical network 

structure. This means that a tree topology must be configured 
for the network before TPSN is adopted. Two nodes are 
synchronized with each other by exchanging synchronization 
packets.   

If node B wants to synchronize with the root node A, node 
B transmits a packet at time T1 and node A receives the packet 
at time T2. After a random interval of time, node A transmits a 
packet at time T3. Node B then receives the packet at time T4. 
A synchronization packet for node B includes the time stamp 
for T1, whereas a synchronization packet from node A 
includes timestamps for T2 and T3. As a result, node B has 
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information about T1, T2, T3, and T4. In addition, assuming 
that the synchronization packets have the same length, the 
transmission times for the packets from nodes A and B should 
be the same. 

Based on this assumption and the time stamps for T1, T2, 
T3, and T4, node B can calculate the time difference from 
node A as follows: 
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Thus, node B can synchronize to node A by adding ∆AB to 

its clock.  
The leaf nodes of node B that are at lower levels in the tree 

structure will attempt to synchronize with node B. This process 
continues to the lowest level of the tree. Eventually, all nodes 
will be synchronized with the root node A.  

B.  Problem Statement 
As shown in Fig. 1, a newly arrived node N can cause two 

networks having different clocks that are not synchronized 
with each other to merge. This happens frequently in 
MANETs. In the TPSN algorithm, it is necessary to construct 
a new tree topology for the merged network because a node is 
supposed to be synchronized with nodes in neighboring levels 
of the tree. However, it is inefficient to form a new tree 
topology whenever networks are merged, because the entire 
network should be stopped until the new synchronization is 
started.  

For this reason, node N will generally select one of the 
existing nodes, which is synchronized in its network, as a 
reference. Thus, it is necessary for node N to select the best 
reference with the smallest overhead in order to minimize the 
impact of the appearance of the newly arrive node on the 
synchronization of the merged network.  
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Fig. 1 Network merges by a newly arrived node 

III. PROPOSED SCHEME 

A. Types of Synchronization Packets 
We define three synchronization packets that can be used in 

the proposed scheme in order to minimize the impact of re-
synchronization that is caused by a newly arrived node.  

 

1) REQ: This is a packet that is transmitted by a node that 
is requesting to be synchronized with other nodes. It 
includes a time stamp that indicates the time of the 
transmission of the REQ packet. 

2) REP: This is a packet that is transmitted by a node that 
has received a REQ packet. It includes two time stamps 
that indicate the time of the reception of the REQ 
packet and the time of the transmission of the REP 
packet. In addition, it includes the number of nodes that 
are synchronized with the node that is transmitting the 
REP packet. 

3) INF: This is a packet that is transmitted by a 
synchronized node in order to communicate to the rest 
of the network that a new synchronization is required. 
This packet includes a list of the nodes that are 
synchronized with the node that is transmitting the INF 
packet. 

B.  Synchronization Procedure 
The procedure for the proposed scheme is described in 

detail in this section. The procedure for synchronizing node i 
with one of its neighboring nodes when it joins the network is 
as follows. 

1) A newly arrived node i broadcasts an REQ with a time 
stamp of T1. 

2) All of the nodes that receive the REQ from node i 
transmit REPs to node i. 

3) Using the TPSN algorithm, node i calculates the ∆ij 
time differences between the node j that has transmitted 
REP packets, where j is the unique index of a node. Let 
Nj be the number of nodes that are synchronized with 
node j. From these time differences, the time difference 
that is associated with the largest Nj is selected for the 
purpose of adjusting the clock time for node i.  Then, 
node i is synchronized with node j. If there are two or 
more instances where the same value occurs for the 
largest Nj, then node i selects one of them at random.  

4) If the variance of the time differences for the nodes that 
transmitted REQs is greater than a pre-defined 
threshold, then node i broadcasts an INF to 
communicate to the rest of the network that another 
time synchronization may be necessary for some nodes. 
Note that the INF includes a node list that lists the 
nodes that are synchronized with node i. Otherwise, 
node i keeps silent (i.e., an INF is not transmitted). 

5) The nodes that are not synchronized with node i make 
another attempt at synchronizing themselves; this means 
that they return to step 1. The nodes can recognize that 
they are not synchronized with node i owing to the node 
list in the INF that was sent by node i. 

C.  Operational Example 
In order to clarify the proposed scheme, a simple example is 

introduced that illustrates the operating procedure. In Fig. 1, 
there are two networks with different clock times. 
Subsequently, node N establishes connections to multiple 



 

 

existing nodes (nodes B and K) that are in different networks. 
In other words, the two networks become merged and a new 
synchronization is required for the merged network.  

There are two reference clocks. As a result, node N must 
determine which clock is more suitable for the purpose of 
synchronization. The best choice in this scenario is to 
synchronize node N to node B because the size of the network 
that is associated node B is greater than that of node K. This 
choice implies that fewer nodes will need to update their 
synchronization due to the connection of the new node.   
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Fig. 2 Time Synchronization in the proposed scheme 

 
As shown in Fig. 2, node N broadcasts an REQ at time T1 

and nodes B and K receive the REQ at time   and  , 
respectively. After a random time interval, they respond to the 
REQ with REPs at time   and  . Node N receives the REQs at 
time   and  . Node N calculates ∆NB and ∆NK using Eq. (1). 
Note that the REPs include the number of nodes that are 
synchronized with the corresponding nodes (NB and NK). 
Thus, node N chooses ∆NB and synchronizes to node B.  

If the variance between ∆NB and ∆NK is greater than a pre-
defined threshold (i.e., there is a large difference between the 
two values), node N broadcasts an INF in order to force the 
nodes in Network 2 to initiate a new synchronization 
procedure. Using the same method that was previously carried 
out by node N, the K node is synchronized to node N, and then 
node L is finally synchronized to node K. As a result, all of the 
nodes are synchronized. If the variance is smaller than the pre-
defined threshold (i.e. the two networks are already 
synchronized), then node N takes no action.  

IV. PERFORMANCE ANALYSIS 
We consider a scenario where two networks that are not 

synchronized to each other are merged based on the arrival of 
a new node. We define two parameters ρ and μ in order to 
evaluate the performance of the proposed scheme. The 
parameter ρ is the ratio of the sizes of the two networks and μ 
is the ratio of the number of nodes in the combined network to 
the number of nodes that should change their synchronization 
due to the arrival of the new node. Both of these two 

parameters are less than or equal to 1 by definition.  
We compare the proposed scheme with a random selection 

scheme in which the newly arrived node determines the 
network to synchronize with at random. We assume that the 
sizes of the two networks are m and n, respectively (m ≥ n). 
Thus, ρ = n/m.  

For the random selection scheme, the networks will be 
selected randomly by the newly arrived node. The network 
with m nodes is selected by the newly arrived node with the 
probability of 0.5. On the other hand, the network with n nodes 
is also selected with the probability of 0.5. Therefore, we can 
obtain μ for a random selection scheme as follows: 
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 For the proposed scheme, the newly arrived node will 

always select the network with n nodes. Thus, μ for the 
proposed scheme can be obtained as follows: 
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Fig. 3 Performance μ for the random selection scheme and the 

proposed scheme with varying ρ 
 
Fig. 3 shows the performance μ for the random selection 

scheme and the proposed scheme with varying ρ. When ρ = 1 
(i.e. the sizes of the two networks are the same), the two 
schemes have the same value for μ. This is because the 
selection schemes do not affect the performance when all of 
the samples are of the same size. The random selection scheme 
has the same μ = 0.5, regardless of ρ. On the other hand, μ for 
the proposed scheme decreases as ρ decreases. Consequently, 
the proposed scheme is always superior to the random 
selection scheme, except when ρ = 1.  

 



 

 

V.  CONCLUSION & FUTURE WORKS 
We proposed a synchronization method for mobile ad hoc 

network that is based on TPSN. We considered a scenario 
where networks with different clocks merge due to the arrival 
of a new node. The proposed scheme modified and enhanced 
the TPSN algorithm by adding network size information to the 
synchronization packets. The additional information allows a 
newly arrived node to select the best reference node for the 
purpose of synchronization. The numerical analysis showed 
that the proposed scheme is superior to the random selection 
scheme.  

We leave the resolution of conflicts due to multiple 
references in synchronization packets for a future study. 
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