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Abstract—  Time synchronization is the major problem in 
distributed network system. In this proposed system, time 
synchronization problem in under water sensor network is solved. In 
existing system lot of time synchronization protocols are used for 
wireless sensor network but it is not directly used for underwater 
sensor networks. These protocols are not considered the propagation 
delay and senor node movements but these are the main attributes in 
under water sensor networks.  To solve these problems the Doppler 
assisted time synchronization (DA-sync) scheme has been proposed. 
This scheme estimate the Doppler shift which caused by sensor 
mobility and to estimate the relative velocity and achieve the 
synchronization accuracy kalman filter is used. DA-sync achieves the 
accuracy and energy efficiency compared than other existing time 
synchronization scheme. But the information gathered from the 
mobile nodes to the user does not achieve the accurate time 
synchronization. To solve these problems we propose a new 
innovative time synchronization scheme by enhancing existing DA-
sync called as STSL based DA-SYNC. It achieves accurate time 
synchronization between user and mobile node.  
 

Keywords: wireless sensor network , Doppler assisted time, 
Doppler shift,   

I. INTRODUCTION 

WSNs provide a wide range of aquatic applications,such 
as coastal surveillance, environmental monitoring, 

undersea exploration, disaster prevention, and mine 
reconnaissance. UWSNs provide a wide range of an aquatic 
application, such as coastal surveillance, environmental 
monitoring, undersea exploration, disaster prevention, and 
mine reconnaissance. However, due to the high attenuation of 
radiowaves in water, UWSNs have to rely on acoustic 
communications. The same characteristics of 
underwateracoustic communications, such as lowavailable 
bandwidth, long propagation delays, high errorprobability, and 
sensor node  mobility leads to grand challenges to almost 
everylayer of network protocol stack and applications. In this 
paper, we solve the time synchronization problem, which 
plays major roles in UWSN design issues.Normally 
underwater sensor networks needs time synchronization 
schemes. Because informationcollected by sensor nodes need 
global time stamps to make data fusion to make it meaningful. 
All medium access control protocols including TDMA require 
good synchronization among sensor nodes. Furthermore, time 
synchronizationis essential in most of the localization 
algorithms, inboth underwater sensor networks andterrestrial 
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sensor networks. Number of time synchronization protocols 
have been proposed for terrestrial wireless sensornetworks. 
Most of them claim to beable to achieve high accuracy with 
reasonable energyexpenditure. However, these algorithms 
cannot be directlyapplied toUWSNs.This is because most of 
theseapproaches assume negligible propagationdelays 
amongsensor nodes, which is not true in UWSNs. UWSNs 
oftenfeature long propagation delays due to the low 
transmission speed of sound in water (about 1500 m/s). 
Inaddition, for mobile UWSNs, propagation delays 
betweennodes are time-varying because of sensor node 
mobility. It brings new challenges in UWSNs.Time 
synchronization algorithms, such asTSHL, MU-Sync, Mobi-
Sync, and D-Sync have been proposed for UWSNs. In these 
algorithms, theissue of long propagation delays is often well 
addressed.However, they all ignore one issue or another. For 
example,TSHL assumes that nodes are fixed, which makes it 
notsuitable for mobile networks. While MU-Sync is designed 
formobile underwater networks, it is not energy efficient, 
andMobi-Sync can apply only in densed network. In this paper 
we propose a new innovative time synchronization scheme by 
enhancing existing DA-sync called as STSL based DA-SYNC 
with high accuracy andhigh energy efficiency as its major 
design goals. 

II.  RELATED WORKS 

 Although there are significantly growing interests 
inUWSNs over the past several years, the research on 
timesynchronization for UWSNs is still relatively limited. 
TSHL is designed for high latency networks, whichcan 
manage long propagation delays and remain energyefficient 
simultaneously. TSHL combines one-way and two-way MAC-
layer message delivery. One-way communication is used to 
estimate the clock skew and two-way is usedfor clock offset. 
TSHL works well for static underwatersensor networks, but it 
cannot handle mobile scenarios as itassumes constant 
propagation delays among sensor nodes. Particularly when 
nodes move fast, Mobi-Sync applies spatial correlation of 
nodes velocitiesto estimate the time varying propagation 
delay. It is anassumed hierarchal structure in which surface 
buoys areequipped with GPS to obtain global time reference 
andsuper nodes can communicate directly with them 
tomaintain synchronization. While being effective in 
estimating the time varying delay, this protocol needs to know 
theexact correlation model between nodes, which is very 
hardto obtain. In addition, for Mobi-Sync, the network has to 
bedensely deployed to ensure that each ordinary 
nodemaintains connectivity to at least three or more super 
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nodes to have a good estimate of velocity. D-Sync [29], is the 
first work thatleverages the Doppler shift in underwater 
environments todo time synchronization. InD-Sync, by 
estimating and compensating for the Doppler shift, the 
calculation accuracyof propagation delay and synchronization 
are improved. 

However, D-Sync does not consider theeffect of the 
skewduring the process of estimating the Doppler scaling 
factor,which reduces the accuracy of Doppler shift estimation 
and affects the accuracy of time synchronization. 
FurthermoreD-Sync completely trusts the measured speed 
with Dopplershift, which also leads to synchronization errors. 
The most recent work is DA-Sync. This scheme estimate the 
Doppler shift which caused by sensor mobility and to estimate 
the relative velocity and achieve the synchronization accuracy 
kalman filter is used. DA-sync achieves the accuracy and 
energy efficiency compared than other existing time 
synchronization scheme. But the information gathered from 
the mobile nodes to the user does not achieve the accurate 
time synchronization. 

III. DOPPLER SCALING FACTOR ESTIMATION 

The Doppler effect (or Doppler shift) is the change in 
frequency of a wave (or other periodic event) for an observer 
moving relative to its source. When the source of the waves is 
moving toward the observer, each successive wave crest is 
emitted from a position closer to the observer than the 
previous wave. Therefore, each wave takes slightly less time 
to reach the observer than the previous wave. Hence, the time 
between the arrivals of successive wave crests at the observer 
is reduced, causing an increase in the frequency. While they 
are travelling, the distance between successive wave fronts is 
reduced, so the waves "bunch together". Conversely, if the 
source of waves is moving away from the observer, each wave 
is emitted from a position farther from the observer than the 
previous wave, so the arrival time between successive waves 
is increased, reducing the frequency. The distance between 
successive wave fronts is then increased, so the waves "spread 
out". The Doppler scale estimation has been an interesting 
topic ever since the appearance of wireless communications, 
andin the underwater acoustic communication, it plays a 
morecritical role. In this paper, we consider a novel 
Dopplerestimation strategy using a bank of autocorrelators 
with awell-designed preamble. 

 
 
The preamble structure for Doppler estimation is shownin 

Fig. 1, in which a cyclic prefix (CP) is added in front oftwo 
identical waveforms. Defining x(t)as the baseband signal of 
the waveform, the repetition pattern can beexpressed as 

 

 
 

where T0 and Tc denote the time duration of the 
waveformand the cyclic prefix, respectively. At the receiver 
side, aftercertain manipulation, it can be shown that the 
receivedbaseband signal is expressed as 

 
 

 
 
where fc is the center frequency, a is the Doppler 

scalingfactor we will estimate, and Tmax denotes the 
channelmultipath delay spread. The discrete time expression 
of they(t) at a sampling rate of _B is 

 

 
 
where B is the signal frequency bandwidth, and  is 

an nteger representing the time-domain oversampling factor.  

IV. PROPOSED SYSTEM 

To overcome the problem of existing system here we 
introduce new algorithm called STSL (sequential time 
synchronization and localization) algorithm). The intuition 
behind our approach is the use of relative speed and direction 
information available at the mobile UL node to compensate 
for node mobility. In doing so, three or more range 
measurements obtained at different times and locations can be 
combined for 2D localization. This approach allows us to 
readily include the localization procedure as part of the 
operation of a communication network. More specifically, 
instead of using designated localization packet exchange 
(which is necessary if node mobility is not compensated), we 
rely on periodic packet exchange between the network nodes. 
This characteristic renders our approach more flexible and 
easy to integrate into a UWAC system and also reduces 
communication overhead. 

The STSL algorithm uses a two-step approach, in which 
first nodes are time-synchronized and then location is 
estimated. In both steps, the measured time of flight of packets 
exchanged between anchor and UL nodes and self localization 
data obtained at UL nodes are linked to the unknownlocation, 
synchronization (clock skew and offset), and propagation 
speed parameters through linearized matrix equations. Our 
algorithm is modular in the sense that both time-
synchronization and localization steps can be readily replaced 
with alternative solutions (as we do in this paper to benchmark 
the STSL performance). 

A. Unlocalized Node 

The unlocalized nodes do not know the location of the 
nearest node in order to make communication. So the 
unlocalized nodes first connect with nearest anchor node and 
then the anchor node sends the information about the nearest 
unlocalized nodes to that concern node.Then the Unlocalized 
node start communication with that nearest localized nodes.   

http://en.wikipedia.org/wiki/Frequency
http://en.wikipedia.org/wiki/Wave
http://en.wikipedia.org/wiki/Observer_%28physics%29
http://en.wikipedia.org/wiki/Crest_%28physics%29
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The localization of unlocalized nodes is difficult task 
.Because the nodes are mobile in nature so it causes 
unpredictable location changes. But in this proposed system 
we use an specific algorithm. Unlocalized nodes are here 
localized by the anchor nodes by using an algorithm STSL.For 
example if we take the cellular communication in which each 
nodes are mobile in nature. So the user want to communicate 
with any other user is done by means of Base station and 
Mobile switching center. First the call is connected to the 
corresponding Base station of the user’s location, and then 
base station enables the communication if the other end user is 
also with in that base station. Otherwise the call is forwarded 
to the nearest mobile switching center and that enables the 
proper communication with desired user. 

Likewise the localization of unlocalized nodes is done by 
anchor node. The anchor node enables the communication 
between any two unlocalized nodes, by sending the nearest 
localized nodes location to the unlocalized node.  

B.  Anchor Node 

Anchor node knows the location about it. But unlocalized 
node doesn’t know the location. So the localization of 
unlocalized nodes is done by using STSL algorithm.The 
localization technique follows the upcoming procedure. 
1. Anchor node sends the packets to the nearest unlocalized 

node. 
 Calculate the distance between the Mobility nodes. 
 Then calculate the angle between the mobility nodes 
 Calculate the transmission rate between the mobility nodes 
 Calculate the speed between themobility nodes. 

 
2. After find out this values, thenanchor node sends the 

following details to the unlocalized node 
 Location of the unlocalized node. 
 Distance between all the nearest unlocalized node. 
 Angle between the nearest unlocalized node. 
Then the communication became enabled between any two 
unlocalized nodes. 

 

C.  Advantages 

 Accurate localization of un localized node 

 Time varying location 

 Time synchronization and Speed uncertainties 

 Reduced number of iteration. 

 

V. PERFORMANCE EVALUATION 

The performance evaluation is done by drawing graph for 
time consumption. Compare to existing system the time 
consumption is considerably reduced by using an algorithm 
named as STSL. 

VI.  CONCLUSION AND FUTURE WORK 

 In this paper we presented a time synchronization scheme 
for UWSNs. Here the information gathered from mobile nodes 
to the user achieves the time synchronization. Our simulation 
result showed that this new approach can achieve high 
accuracy. 

In the future we plan to implement this STSL base DA-
Sync in underwater test beds and explore its performance in 
real underwater environments. 

REFERENCES 

[1]    Syed and J. Heidemann, “Time Synchronization for HighLatency 
Acoustic Networks,” Proc. IEEE INFOCOM, 2006. 

[2]    N. Chirdchoo, W.-S.Soh, and K.C. Chua, “MU-Sync: A 
TimeSynchronization Protocol for Underwater Mobile Networks,” 
Proc.Fifth ACM Int’l Workshop UnderWater Networks (WUWNet 
’10),2010. 

[3]     J. Liu, Z. Zhou, Z. Peng, J.-H. Cui, M. Zuba, and L. Fiondella,“Mobi-
Sync: Efficient Time Synchronization for Mobile UnderwaterSensor 
Networks,” IEEE Trans. Parallel and Distributed Systems (TPDS), Feb. 
2012. 

[4]     F. Lu, D. Mirza, and C. Schurgers, “D-Sync: Doppler-Based 
TimeSynchronization for Mobile Underwater Sensor Networks,” 
Proc.Fifth ACM Int’l Workshop UnderWater Networks (WUWNet 
’10),2010. 

[5]     Jun Liu, Michael Zuba, Jun-Hong Cui “A Doppler-AssistedTime-
Synchronization Scheme for Mobile Underwater Sensor Networks”Proc. 
IEEE MOBILE COMPUTING Mar.2014 

[6]     N. Bodhi, H. Balakrishnan, E. Demaine, and S. Teller, “Mobile-Assisted 
Localization in Wireless Sensor Networks,” Proc. IEEEINFOCOM, pp. 
172-183, Mar. 2005. 

[7]      P. Bork, H. Grote, D. Notz, and M. Regler, Data Analysis Techniquesin 
High Energy Physics Experiments. Cambridge Univ., 1993.] 



International Journal on Applications in Information and Communication Engineering 
Volume 1: Issue 9: September 2015, pp 36-39. www.aetsjournal.com                                                    ISSN (Online) : 2394-6237 
----------------------------------------------------------------------------------------------------------------------------------------------------------- 

39 

[8]     V. Chandrasekhar, W.K. Seah, Y.S. Chaoo, and H.V. Ee,“Localization 
in Underwater Sensor Networks - Survey andChallenges,” Proc. ACM 
Int’l Conf. UnderWater Networks andSystems (WUWNet ’06), pp. 33-
40, Sept. 2006. 

[9]      N. Chirdchoo, W.S. Soh, and K.C. Chua, “Aloha-Based MACProtocols 
with Collision Avoidance for Underwater AcousticNetworks,” Proc. 
IEEE INFOCOM, May 2007. 

[10] J.-H. Cui, J. Kong, M. Gerla, and S. Zhou, “Challenges: 
BuildingScalable Mobile Underwater Wireless Sensor Networks 
forAquatic Applications,” IEEE Network, vol. 20, no. 3, Special Issueon 
Wireless Sensor Networking, pp. 12-18, May/June 2006. 

[11] J. Elson, L. Girod, and D. Estrin, “Fine-Grained Network 
TimeSynchronization Using Reference Broadcasts,” Proc. Fifth 
Symp.Operating Systems Design and Implementation (OSDI ’02), pp. 
147-163, Dec. 2002. 

[12]  S. Ganeriwal, R. Kumar, S. Adlakha, and M. Srivastava, “NetworkWide 
Time Synchronization in Sensor Networks,” technical report, Univ. of 
California, Los Angeles, Apr. 2002. 

[13]  S. Ganeriwal, R. Kumar, and M.B. Srivastava, “Timing-SyncProtocol 
for Sensor Networks,” Proc.First Int’l ACM Conf.Embedded Networked 
Sensor Systems (SenSys), pp. 138-149, 2003. 

[14] D.K. Goldenberg, A. Krishnamurthy, W.C. Maness, Y.R. Yang, 
A.Young, A.S. Morse, A. Savvides, and B.D.O. Anderson, “Network 

         Localization in Partially Localizable Networks,” Proc. IEEEINFOCOM,     
        pp. 313-326, Mar. 2005. 
[15] N. Gordon, D. Salmond, and A. Smith, “Novel Approach 

toNonlinear/Non-Gaussian Bayesian State Estimation,” Proc. IEERadar 
and Signal Processing, vol. 140, no. 2, pp. 107-113, Apr.1993. 

[16] J. Heidemann, Y. Li, A. Syed, J. Wills, and W. Ye, “ResearchChallenges 
and Applications for Underwater Sensor Networking,”Proc. IEEE 
Wireless Comm. and Networking Conf. (WCNC),2006. 

[17]  L. Hu and D. Evans, “Localization for Mobile Sensor Networks,”Proc. 
ACM MobiCom, pp. 45-57, Sept. 2004. 

[18] X. Ji and H. Zha, “Sensor Positioning in Wireless Ad-HocSensor 
Networks Using Multidimensional Scaling,” Proc. IEEEINFOCOM, pp. 
2652-2661, Mar. 2004. 

[19]  K.D. Frampton, “Acoustic Self-Localization in a DistributedSensor 
Network,” IEEE Sensors J., vol. 6, no. 1, pp. 166-172, Feb.2006. 

[20] H. Kopetz and W. Schwabl, “Clock Synchronization in DistributedReal-
Time Systems,” IEEE Trans. Computers, vol. 36, no. 8, pp. 933-939, 
Aug. 1987. 

[21] H. Kopetz and W. Schwabl, “Global Time in Distributed Real-Time 
System,” Technical Report 15/89, Technische Univ. Wien,1989. 

[22] B. Li, S. Zhou, M. Stojanovic, L. Freitag, and P. Willett, 
“MulticarrierCommunication over Underwater Acoustic Channels 
withNonuniform Doppler Shifts,” IEEE J. Oceanic Eng., vol. 33, no. 
2,pp. 198-209, Apr. 2008. 

[23] H. Lim and J.C. Hou, “Localization for Anisotropic SensorNetworks,” 
Proc. IEEE INFOCOM, pp. 138-149, Mar. 2005. 

[24] J. Liu, X. Han, M. Al-Bzoor, M. Zuba, J.-H. Cui, R.A. Ammar, andS. 
Rajasekaran, “PADP: Prediction Assisted Dynamic SurfaceGateway 
Placement for Mobile Underwater Networks,” Proc. 17thIEEE Symp. 
Computers and Comm. (ISCC ’12), July 2012. 

  
     

 


	I. INTRODUCTION

	II.  RELATED WORKS

	III. DOPPLER SCALING FACTOR ESTIMATION

	IV. PROPOSED SYSTEM

	A. Unlocalized Node

	B.  Anchor Node


	References


