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Abstract 

 
This paper proposes Mobi-Sync, a novel time synchronization scheme for mobile underwater sensor networks. 

Mobi-Sync distinguishes itself from previous approaches for terrestrial WSN by considering spatial correlation 

among the mobility patterns of neighboring UWSNs nodes. This enables Mobi-Sync to accurately estimate the 

long dynamic propagation delays. Simulation results show that Mobi-Sync outperforms existing schemes in both 

accuracy and energy efficiency. Time synchronization is an important requirement for many services provided by 

distributed networks. A lot of time synchronization protocols have been proposed for terrestrial Wireless Sensor 

Networks (WSNs). However, none of them can be directly applied to Underwater Sensor Networks (UWSNs). A 

synchronization algorithm for UWSNs must consider additional factors such as long propagation delays from the 

use of acoustic communication and sensor node mobility. 
 

Index Terms—UWSNs, synchronization, sensor node, transistor stacking 

 
1 Introduction 

 
Numerous time synchronization protocols for terrestrial Wireless Sensor Networks (WSNs) have been proposed in 

the literature. Their synchronization accuracy and energy efficiency for land-based applications is cogent. 

However, most of these approaches assume that the propagation delay among sensors is negligible. This is not the 

case in UWSNs, which suffer from the low propagation speeds of acoustic signals (roughly 1,500 m/s in water). 

Sensor node mobility also contributes to long and variable propagation delay in UWSNs. These additional 

complicating factors render previous approaches less suitable for adaptation to UWSNs. Furthermore, the batteries 

of underwater sensor nodes are difficult to recharge and it is often impractical to replace due to their relative 

inaccessibility. This lack of serviceability imposes even more stringent requirements. The UWSN will need to be 

energy efficient. This set of distinguishing characteristics introduce new challenges into the design of time 

synchronization schemes for UWSNs. 
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Phase I acquires information about the spatial correlations of the mobile sensor nodes to accurately estimate the 

propagation delays. In Phase II, sensor nodes perform linear regression based on MAC layer time stamps and 

corresponding propagation delays to produce initial estimates of the clock skews and offsets. These initial results 

serve as inputs to Phase III, which calibrates the estimates, further improving the synchronization accuracy. During 

calibration, the final clock skew and offset estimates are obtained by updating certain parameters and repeating the 

delay calculations and linear regressions. Extensive simula- tions demonstrate the effectiveness of the proposed 

approach for time synchronization, confirming that it does not suffer from mobility. The results indicate that Mobi- 

Sync outperforms existing schemes with respect to both accuracy and energy efficiency. 

 

2. Existing System 
 

In Existing addresses the time synchronization problem, a critical service in any sensor network. Nearly all UWSN 

applications depend on time synchronization service. For example, data mining requires global time information, 

TDMA, one of the most commonly used Medium Access Control (MAC) protocols, often requires nodes to be 

synchronized. 

Furthermore, most  of  the  localization algorithms  for  underwater  and  terrestrial  sensor  networks  assume  the 

availability of time synchronization service. Numerous time synchronization protocols for terrestrial Wireless Sensor 

Networks (WSNs) have been proposed in the literature. Their synchronization accuracy and energy efficiency for 

land-based applications is cogent. 

 
Phase I acquires information about the spatial correlations of the mobile sensor nodes to accurately estimate the 

propagation delays. In Phase II, sensor nodes perform linear regression based on MAC layer time stamps and 

corresponding propagation delays to produce initial estimates of the clock skews and offsets. These initial results 

serve as inputs to Phase III, which calibrates the estimates, further improving the synchronization accuracy. 

During calibration, the final clock skew and offset estimates are obtained by updating certain parameters and 

repeating the delay calculations and linear regressions. Extensive simula- tions demonstrate the effectiveness of 

the proposed approach for time synchronization, confirming that it does not suffer from mobility. The results 

indicate that Mobi- Sync outperforms existing schemes with respect to both accuracy and energy efficiency. 

 
This lack of serviceability imposes even more stringent requirements. The UWSN will need to be energy 

efficient. These sets of distinguishing characteristics introduce new challenges into the design of time 

synchronization schemes for UWSNs. 

 

4 Related Works 
 

This  section  aims  to  introduce  some  background  knowledge  including  network  Architecture,  pairwise 

synchronization, spatial correlation and some related works. 

 
. Surface buoys. Surface buoys are equipped with GPS to obtain global time references and perform localization. 

They serve as the “satellite” nodes in underwater environment. 

. Super nodes. Super nodes are powerful sensor nodes, working as reference clocks, as they always maintain 

synchronization with surface buoys. Moreover, super nodes can perform moving speed estimation as theycan 
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directly communicate with the surface buoys to obtain real time location and global time information. 

. Ordinary nodes. Ordinary nodes are the sensor nodes aiming to become synchronized. They are inexpen-sive and 

have low complexity, cannot make direct contact with surface buoys and can only communicate with their 

neighboring ordinary nodes or super nodes. The lifetime of ordinary node is restricted by its limited battery 

supply. 
 

 
 

5. Proposed System 
 

To overcome the limitations of existing approaches, this paper proposes Mobi-Sync, a high energy efficient time 

synchronization scheme specifically designed for mobile UWSNs. The distinguishing attribute of Mobi-Sync is how 

it utilizes information about the spatial correlation of mobile sensor nodes to estimate the long dynamic propagation 

delays among nodes. The time synchronization procedure consists of three phases: 

 

a.           Surface buoys 

Surface buoys are equipped with GPS to obtain global time references and perform localization. They serve as the 

“satellite” nodes in underwater environment. 

 
b.           Super nodes 

Super nodes are powerful sensor nodes, working as reference clocks, as they always maintain synchronization with 

surface buoys. Moreover, super nodes can perform moving speed estimation as they can directly communicate with the 

surface buoys to obtain real time location and global time information. 
 

•            Delay estimation,    

•            Linear regression, and 

•            Calibration. 

Advantages: 

1.           Low communication bandwidth 

2.           Long propagation delays, 

3.           Higher error probability, and 

4.           Sensor node mobility. 

 

In this module, the performance of wireless communication systems can be improved by having multiple antennas at 

the transmitter and the receiver. The idea is that if the propagation channels between each pair of transmit and receive 

antennas are statistically independent and identically distributed, then multiple independent channels with identical 

characteristics can be created by pre coding and be used for either transmitting multiple data streams or increasing the 

reliability (in terms of bit error rate). In practice, the channels between different antennas are often correlated and 

therefore the potential multi antenna gains may not always be obtainable. 

In this Module, message exchanges among sensor nodes for the case where there are three super nodes available to 

assist the ordinary node perform time synchronization. A single run of the message exchanged between the ordinary 

node and each super node. The synchronization procedure starts when an ordinary node initializes the synchronization 
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process by broadcasting the synchronization request message SR to its neighboring super nodes. SR contains the 

sending time-stamp T1 obtained at the MAC layer, immediately before it departs from the ordinary node. Upon 

receiving SR, super nodes mark their local time. 
 
 

6 Conclusions 
 

This paper presents Mobi-Sync, a time synchronization scheme for mobile UWSNs. Mobi-Sync is the first time 

synchronization algorithm to utilize the spatial correlation characteristics of underwater objects, improving the syn- 

chronization accuracy as well as the energy efficiency. The simulation results show that this new approach achieves 

higher accuracy with a lower message overhead. 

 

In the future, the work will be extended in two directions: 1) explore other underwater mobility patterns, including 

one that involves vertical movement to examine the suitability of our design and; 2) investigate the influence of 

errors on super node localization as well as velocity estimation, and also the influence on MAC layer activities such 

as packet loss and re-transmission. 
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