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I. INTRODUCTION

In recent years, underwater wireless sensor networks
(UWSNs) have drawn considerable and increasing attentions
from researchers. For most of UWSNs applications, they either
benefit from or require time synchronization service.

However, in order to do time synchronization in UWSNs,
three key challenges have to be addressed. First, acoustic
channels features long propagation delays, which make the
conventional two-way delay measurements quite inefficient
and inaccurate. Second, since all nodes move continuously
with water currents, underwater networks are highly dynamic
networks, which makes the synchronization protocols for static
networks unsuitable here. Last but not the least, the underwater
nodes are usually powered by battery, for which it is hard (if not
impossible) to get replaced. Synchronization protocols which
need frequent message exchanges do not fit here.

In this work, we propose a brand new time synchronization
algorithm, Mobi-Sync, which is specifically designed for mo-
bile UWSNs. In Mobi-Sync, the spatial correlation of the sensor
node mobility is effectively employed to improve the accuracy
of the estimation of the fast-changing long propagation delay. In
addition, the ratio of valid reference messages, is much higher
than other synchronization protocols, which makes Mobi-Sync
quite energy efficient. Furthermore, with two runs of linear
regression as well as the calibration process, both skew and
offset are well estimated and compensated, which greatly
increases the accuracy of the time synchronization algorithm.

II. NETWORK ARCHITECTURE AND MOBILITY
CORRELATION

In Mobi-Sync, we consider a dense hierarchical network
architecture [3]. as shown in Figure.1, three types of nodes,
surface buoys, super nodes and ordinary nodes, exist in the
network.

∙ Surface buoys: are equipped with GPS to obtain global
time references and perform location estimates.

∙ Super nodes: can communicate directly with the surface
buoy and thus can maintain synchronization with surface
buoys.

∙ Ordinary nodes: can only communicate with its neigh-
bors to get synchronized.

The mobility of underwater nodes shows strong spatial
correlations [1], [2]. The speed of a node can be accurately
estimated by the speeds of its neighboring nodes as follows.⎧⎨⎩

𝑣𝑥(𝑗) =

𝑚∑
𝑖=1

𝜁𝑖𝑗𝑣𝑥(𝑖)

𝑣𝑦(𝑗) =
𝑚∑
𝑖=1

𝜁𝑖𝑗𝑣𝑦(𝑖)

, (1)

Surface

buoy

Ordinary

node

Super

node

Fig. 1. Underwater sensor network architecture

where 𝑣𝑥(𝑗) (𝑣𝑦(𝑗)) is the speed of node 𝑗 in the X(Y) axis.
The interpolation coefficient 𝜁𝑖𝑗 is calculated as follows,
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where 𝑟𝑖𝑗 denotes the Euclidean distance between node 𝑖 and
node 𝑗.

III. MOB-SYNC: THE TIME SYNCHRONIZATION PROTOCOL
FOR UWSNS

Mobi-Sync is a three phase time synchronization approach
which is designed to acquire ordinary nodes clock drift by
estimating their clock skew and offset.

A. Phase I: Delay Estimation with Mobility Correlation

In phase I, propagation delay is estimated by taking advan-
tage of the spatial correlation of node mobility. Three steps
are involved in this phase, namely, message exchange, delay
calculation and multiple requests.

During message exchange, an ordinary node launches time
synchronization by sending request message to its neighbor
super nodes. Upon receiving the request message, super nodes
schedule two response messages. Each message contains MAC-
layer time stamps recorded by super node which stand for
sending or receiving time as shown in Figure.2. In addition, the
second message contains the moving velocity of super node.

Whereafter, in delay calculation, propagation delays can
be estimated through calculating the edges of two triangles
as shown in Figure.3. Thereby, with elementary geometric
knowledge, those propagation delays can be achieved.

⎧⎨⎩
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Fig. 2. One run message exchange
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Fig. 3. Relative motion

Where ℎ1 and ℎ2 denotes round trip time which can be
measured using the recorded time stamp.

B. Phase II: Linear Regression

During phase II, the ordinary node performs linear regression
over a set of time stamps consisting of 𝑇3, 𝑇4, 𝑇5 and 𝑇6 as
well as propagation delays 𝑑𝑝2 and 𝑑𝑝2 . To reduce the negative
influence of propagation delays, they are treated as the side-play
amount of receiving time. The linear regression is executed over
the following data points. “i” determines the index of runs.

(T3,𝑖 + d𝑝2,𝑖,T4,𝑖) or (T5,𝑖 + d𝑝3,𝑖,T6,𝑖) (4)

C. Phase III: Calibration

Calibration process is used to loose assumptions in phase
I. At that stage, because some initial parameters like initial
distance and initial skew are unknown, the ordinary node selects
rough value for each of them. To correct errors derived from
those rough initial parameters, the ordinary node updates the
initial parameters and re-performs computing. By doing so, the
ordinary node obtains a set of updated propagation delays. Then
with the same time stamps gathered in phase I and the updated
propagation delay, the ordinary node re-runs linear regression
to gain the final skew and offset.

IV. PERFORMANCE EVALUATION

A. Simulation settings

In our simulation, the pre-defined parameter 𝑡𝑟1 is fixed as
2𝑚𝑠, and 𝑡𝑖 is 1 millisecond. And we choose the kinematic
model in [1] as the mobility pattern.

Figure. 4 illustrates how error grows after time synchroniza-
tion. Note that, with time goes on, the error of skew causes
increasing errors. The result clearly shows that Mobi-Sync
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Fig. 5. Sample Rate

performs better than both MU-Sync and TSHL, which means
that our protocol can estimate the time skew more accurate than
others.

From Figure. 5, we can see that although TSHL has the high-
est energy efficiency, it is based on its unrealistic assumption of
the constant propagation delay between nodes, which makes its
synchronization error much higher than the other two protocols.
While compared with MU-Sync, which is also designed for
mobile networks, Mobi-Sync is much more energy efficient.

V. CONCLUSIONS AND FUTURE WORK

In this work, we proposed Mobi-Sync, a brand new time syn-
chronization scheme for mobile underwater sensor networks.
Mobi-Sync is the first time synchronization algorithm which
take advantages of the spatial correlation of node mobility to
improve the accuracy of time synchronization. Our simulation
result shows that Mobi-Sync can achieve high accuracy with
low message overhead.
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