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ABSTRACT

Time synchronization in underwater environment is challenging due to high propagation delay and mobility of
sensor nodes. Previous researches do not consider practical issues affecting on the accuracy of time
synchronization such as high-channel access delay and relative position between sensor nodes. Also, those
protocols using bidirectional message exchange shorten the network lifetime and decrease the network throughput
because numerous transmission, reception and unnecessary overhearing can be occurred. Therefore, in our research,
we suggest enhanced time synchronization based on features of underwater environment. It controls the instant of
transmission by exploiting the feature of an oceanic movement and node deployment. Moreover, the protocol uses
more accurate time information by removing channel access delay from the timestamp. The proposed scheme is
also practical on the underwater sensor network requiring low-power consumption because the scheme conducts
time-synchronization with smaller transmission and reception compared with previous works. Finally, simulation
results show that the proposed protocol deceases time error by 2.5ms and 0.56ms compared with TSHL and

MU-Sync respectively, reducing energy consumption by 68.4%.
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Fig. 1. Illustration of clock drift and impact of measured
timestamp on the linear regression
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Fig. 2. System design
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Fig. 3. Influence of channel access delay on timestamp
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[ MAC layer in n#/ transmission ]
void BackOff Expired(){
Byte sendPacket(Packet* packet){

Pre_timeStamp = CurrentTime();

-P-1:obe(SEND);
¥
h

[ application layer in n+1¢4 transmission]
void SendTimeStamp() {

Packet packet;

packet.preTimeStamp = Pre timeStamp;

SendPacketToTransport(packet);

Fig. 5. Pseudo-code to remove channel access delay from
timestamp
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Simulation Parameter Value
skew, 40(ppm)
offset, (3 5(s)
simulation number 100
D 2(m)
# of transmission on 5
target(k)
Movement Parameter Reference Target
Moving range(X,y,z) 10, 4, 8 8, 3, 4
Period(T) 4(s) 3(s)
Center position(x,y,z) (0,0,0) (20,10,3)

Table 1. Simulation parameters
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Fig. 10. Relationship between skew error and trajectory
measurement error in proposed protocol
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