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Abstract—This paper studies autonomous underwater vehicles
(AUV)-assisted underwater acoustic sensor networks (UASNSs),
where AUVs act as mobile sensor nodes to collect information
from areas not accessible to static nodes and then relay data
via static nodes. Due to the difficulty of obtaining the accurate
global information of all the static nodes, we propose a novel
packet scheduling scheme by utilizing local information obtained
by AUVs. In the proposed scheme, the localization of static
nodes stage and the topology construction stage are carried
out beforehand to obtain the local information, based on which
the transmission scheduling stage is implemented. Furthermore,
in the transmission scheduling stage, we design a value of
information (Vol)-based packet transmission scheduling (VBPS)
strategy to avoid packet collision. Specifically, we introduce a
performance metric, i.e., Vol, to measure the importance of data
packets with different levels of urgency. Then, we formulate
a combinatorial optimization problem to maximize Vol taking
packet collision avoidance into consideration. A low-complexity
distributed search algorithm is proposed to solve the problem,
which exploits the spatial-temporal reuse to establish data packet
collision constraints and then determines the next-hop node and
data transmission time for AUVs. Extensive simulations under
various scenarios are carried out to evaluate the performance of
the proposed algorithm.

I. INTRODUCTION

With the prosperous development of underwater wireless
communications, the Internet of underwater Things (IoUT)
has become an emerging field and attracted much attention. In
long-distance underwater communications, sound wave plays a
prominent role due to less propagation attenuation than radio
wave and less scattering than optical wave [1]. Underwater
acoustic sensor networks (UASNs) are expected to be a de-
facto technology to meet the tremendous demand of marine ex-
ploration, such as environmental monitoring, marine ranching,
and marine resource development [2], [3]. Traditional UASNs
consisting of several static sensor nodes can only be deployed
at fixed areas. As a remedy to the limitation, autonomous
underwater vehicles (AUVs) with high maneuverability are
considered as a promising complement to static UASNs, which
can expand the coverage and enhance the performance of
existing UASNSs. As such, AU V-assisted UASNs are deemed as
a potential paradigm for underwater wireless communications.
In AUV-assisted UASNs, AUVs can explore areas that are not
accessible to static nodes and forward data via static sensor

nodes. In this scenario, static nodes are routinely deployed
to monitor the environment for a long period time. When
the data center identifies the abnormal information, AUVs are
dispatched to the area of interest, and then AUVs can inspect,
detect, and report detailed abnormal information. Therefore,
to transmit data efficiently, AUVs need to determine the
appropriate next-hop node and transmission time to relay and
report the detected information, i.e., packet scheduling.

Designing an effective packet scheduling scheme is chal-
lenging due to the following two reasons. Firstly, AUVs need
to obtain the global information of the static network to
make optimal data packet transmission decisions. However,
global information is not realistic to be known in advance
because static nodes have been deployed for a long time and
are difficult to be tracked. Secondly, AUVs should transmit
data packets without colliding with regular data transmissions
among static nodes which need to perform their own tasks.
However, due to time-varying propagation delay and dynamic
network topology in AUV-assisted UASNSs, collision avoid-
ance constraints vary spatially and temporally.

In the literature, several research works are devoted to
addressing these challenges. The propagation delay-aware op-
portunistic (DOTS) MAC protocol jointly considered the data
packet transmission for both static nodes and mobile nodes
[4]. To avoid packet collision, mobile nodes schedule their
packet transmission time and conduct concurrent transmission
among nodes with the requirement of clock synchronization
and global information of the network. In the data-collection-
oriented MAC (DCO-MAC) protocol [5], the data transmission
time for mobile nodes and static nodes were initiated and
scheduled by the sink node sequentially after several rounds of
handshaking. In the load-adaptive carrier sense multiple access
control MAC (LACCM) protocol, a specific broadcast (BCT)
packet was introduced to reserve the channel for AUVs [6].
However, in the above works, reserving transmission resources
for AUVs’ packets may disturb regular packet transmissions
of static nodes. Different from the existing works, our work
takes two realistic factors into consideration, i.e., the absence
of global information of static networks and the requirement
of collision avoidance with regular data transmission among
static nodes.



In this paper, we design a novel packet scheduling scheme
to tackle these challenges. The scheme includes three steps: (1)
localization for static nodes, in which AUVs adopt a modified
passive time difference of arrival (TDOA)-based localization
method to obtain positions of static nodes; (2) topology
construction, in which AUVs establish the topology map and
interference map based on the information of data packets
listened from static nodes; and (3) transmission scheduling,
in which AUVs determine the appropriate next-hop nodes
and time to transmit data packets under the constraints of
packet collision avoidance. Furthermore, in the transmission
scheduling stage, we design a value of information (Vol)-
based packet transmission scheduling (VBPS) strategy to avoid
packet collisions. Specifically, we introduce a performance
metric, value of information (Vol), to measure the importance
of data packets with different levels of urgency. Then, we
formulate a combinatorial optimization problem to maximize
the Vol subject to packet collision avoidance constraints.
Obtaining the optimal solution requires global information of
static network, which incurs significant signalling overhead.
Thus, a low-complexity distributed search algorithm is devel-
oped to solve this problem based on local information obtained
by each AUV. Besides, the algorithm exploits the spatial-
temporal reuse to establish the data packet collision constraints
and determines the next-hop nodes and data transmission time
for AUVs based on problem constraints. Extensive simulations
under various scenarios are carried out, and comprehensive
analyses are provided to evaluate the performance of the
proposed algorithm.

The main contributions in this paper are summarized as
follows:

1) We design a data packet scheduling scheme for AUVs
without requiring global information while avoiding
collision with regular data transmissions among static
nodes;

2) We formulate a combinatorial optimization problem to
maximize Vol and develop a low-complexity distributed
search algorithm to solve this problem.

The remainder of this paper is organized as follows. In
Section II, the packet scheduling scheme is presented. Problem
formulation is described in Section III. Following this, the
VBPS algorithm is proposed in Section IV. In Section V,
performance evaluation is provided. Finally, the conclusion is
given in Section VL

II. PACKET SCHEDULING SCHEME
A. System Model

In this paper, we consider a three-dimensional (3D) network
consisting of IV static nodes that are distributed in the consid-
ered area and N4 AUVs denoted by N g = {41, Ay, ..., An, }
as illustrated in Fig. 1. AUVs send detected information to the
data center located at the boat or the land via static nodes.
The trajectories of AUVs are pre-defined before releasing
according to their tasks.

For the underwater acoustic communication channel, the
average bit error rate (BER) is given by p. (v (1}, f)) =
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Fig. 1. Network model of the proposed AUV-assisted UASNs.

Q ( 27 (r?, f)) with binary phase shift key (BPSK) mod-

ulation, where ’y(rg, f) is the SNR at the receiver b at
frequency f and distance 72 away from the sender a. Then
the packet error rate (PER) can be calculated as follows
P (v (i f)) = 1= (1=pe (v (rt, 1)) "

For the network, static nodes are already pre-deployed and
running with two hops with the time division multiple access
(TDMA) protocol. Static nodes can be divided into three
layers: (1) sink nodes denoted by C = {c1,ca,...,cc}; (2)
relay nodes denoted by M = {my,ma,...,mu}; (3) sensor
nodes denoted by S = {s1, s2, ..., 5 }. Here, we have N =
C + M + S. Time is divided into time slots, whose duration
is decided by the communication range dy, sound speed vy

tdaa + dO/Us

and packet length, i.e., Ts = Ldaa- Here, tqaa

tdala
denotes the data transmission time, i.e., tgaa = Ldara/ R, Where

Lgaa 1s the data packet length and R is the transmission data
rate of the underwater acoustic modem. We assume that a relay
node m; relays data packets for S; number of sensor nodes Sp
which is denoted by s}, € S, k—Z], 'S+ ( ,Sj)).

Note that the number of sensor nodes satisfy S Z =15
Similarly, we assume that a sink node ¢; receives data packets
from M; number of relay nodes m!, which is denoted by

mh e M; (j = E M+ (1,2, Ml)) Note that the

number of relay nodes satisfy M = Zi:l M;. The strategy
of the MAC protocol is known to AUVs, but the scheduling
time of each node is not revealed. In addition, the locations
of static nodes and the network topology are unknown by
AUVs. What’s more, static nodes are all time synchronized
while AUVs may not be synchronized with them.

3

B. Scheme Design

In this paper, we propose the packet scheduling scheme to
help AUVs transmit data packets via static nodes efficiently.
In this scenario, AUVs are in charge of collecting data from
specific interested areas with pre-defined trajectory. Trajectory
of AUVs can be designed via multiple methods [7], [8], which



is beyond the scope of this paper. When AUVs move along
their pre-defined trajectories, they need to determine the static
node to relay data packets as well as the time to send data
packets. In the proposed scheme, the following three steps are
conducted to transmit data efficiently and successfully.

1) Localization for Static Nodes: In this network, AUVs
need to obtain the locations of nodes to calculate the propaga-
tion delay between them, which is used for the packet collision
avoidance strategy. Restricted with the time synchronization,
the modified TDOA-based method is proposed for this sce-
nario [9]-[11]. To get the time difference of arrival, AUVs
need to listen to the data packet transmissions from static
nodes while moving to different positions. In the 3D area,
to get the position of a static node denoted by | = [z,y, 2],
AUVs need to listen four packets from the static node at four
different locations at least, which can be modeled as r ~ 7,
where r is the Euclidean distance difference of nodes, 7 is
the vector of estimated Euclidean distance difference of static
node and AUV based on TDOA during the time of four rounds
packet transmissions listened by AUV.

2) Topology Construction: AUVs should know the topol-
ogy of the network, which helps AUVs select the next-hop
nodes and identify the MAC protocol of static networks.
When AUVs listen packet transmission among static nodes,
the source and the destination address can be gotten from the
packet frame head and further transferred into the topology
map Hp. The elements in Hp represent the topology links
of the static network, where Hr(a,b) = 1 indicates that there
is a communication link between node a and node b, and
Hr(a,b) = 0, otherwise.

Then based on the positions calculated by AUVs, the inter-
ference map H ; can be defined as the relationship between the
nodes’ distance r? and the communication distance dy. When
7"3 > dy and Hp(a,b) # 1, node a and node b would cause
interference with each other, i.e, H(a,b) = 1; H(a,b) =0,
otherwise.

3) Transmission Scheduling: With the information of lo-
calization and topology, AUVs can calculate the collision
probability with other static nodes for possible transmission.
Then AUVs can determine the next-hop node and appropriate
time to send data packets.

III. PROBLEM FORMULATION

In this section, the transmission scheduling problem is
formulated. We first introduce the value of information metric,
and then the transmission scheduling problem is formulated as
a combination problem.

A. Value of Information (Vol) Metric

To meet the requirement of diversified detected data from
AUYVs, the Vol metric is introduced to evaluate the event
significance and promptness. To be specific, two types of
data with different levels of urgency, the urgent data and the
moderate data, are expected to be detected, which are assumed
to be generated following the Poisson distribution with average

rate \,, and \,, packets per second, respectively. Then the Vol
at time ¢ may decay with time following [12]-[14]:

V(t) = { g}vo + (1= BV, t<T,

t>1. D

Here, V(t) is the Vol for the urgent data V,(t) and the
moderate data V;,, (t), V0 is the initial value, /3 is the weighting
parameters that measure the trade-off between the information
importance and the time delay, f(¢) is decreasing function with
respect to t when ¢t < T'. Here, we define f(t) = e~ lt=T)/a]
where « is the scaling factor. Note that parameters V0, 3, o,
and 7" depend on the types of the data packet.

B. Vol Maximization Problem

We assume that the arriving time for the urgent data and
the moderate data are ¢/, and ¢/, respectively meanwhile the
sending time are ¢,, and ¢,,. The Vol of data packets that are
successfully received by the static node N’ at the distance of
riY " away from AUV A can be measured as follows

. o

Vit = Vinltm — 1) (1= 2. (v (Phi ) @

m

Ny
VU = Vu(tu —t;) (1 —Pe (’}/ (TAt:’

Our objective is to maximize Vol, and hence the optimization
problem can be formulated as follows:

(ta tTeTa max{Vy, Var} (4a)
st ty —t, < Ty ty € Ta,t, € Tp, (4b)
t —th, < Tyt € Ta, th, € Tp, (4c)

TAy, Ny, < dotu € Ta. N[ e N',Ac A, (4d)

TAtm7Nt,m S dOatm S TA7 Nt/m € N/7A S Av (46)
ta+ 7%+ taan & 2. (4f)

In the above problem, objective function (4a) maximizes the
Vol of data packets that successfully received, where 74 is the
possible transmission time without collision along the AUV’s
trajectory. Constraints (4b) and (4c) limit the waiting time of
urgent data packets and moderate data packets respectively.
Constraints (4d) and (4e) limit the communication distance
between AUVs and possible next-hop node N’ € N’. Con-
straints (4f) limits the collision avoidance constraints, where
t4 is denoted by ¢, or t,, for the urgent data packets or
the moderate data packets, respectively. In addition, (2 is the
collision time set, at which time data packets from an AUV
would be collided with data packets from static nodes or other
AUVs. The packet collision constraint will be discussed in
detail in Section IV-A.

The above problem is a combinatorial optimization problem,
which can be solved by search algorithms. However, the search
space depends on the problem constraints and can be regarded
as spatial and temporal scales. To solve this problem, we
propose a low-complexity VBPS algorithm to determine the
optimal next-hop node and transmission time.



IV. PROPOSED VOI-BASED PACKET TRANSMISSION
SCHEDULING (VBPS) ALGORITHM

In this section, the VBPS algorithm is proposed. Firstly,
the packet collision constraint is analysed in detail in both
the spatial and temporal scales. Then a distributed search
algorithm is presented to determine the optimal next-hop node
and transmission time for AUVs.

A. Packet Collision Constraint Analysis

In UASNs, when two or more data packets arrive at a
node simultaneously, they will collide. However, due to the
inherent characteristic of long and dynamic propagation delay
in AUV-assisted UASNSs, the spatial-temporal reuse can be
exploited to schedule data transmissions for AUVs without
affecting the data transmissions of static nodes. Data packets
from the AUV have the probability of collision with any
data packets from nodes within the communication range
of the AUV. Nodes within the communication range can be
divided into two categories, the next-hop node N’ € N,
where NV = {N' | Hr(N’, A) = 1} and interference node
I € Z, where T = {I | H;(A,I)=1,Hp(A,I)#1}. In
this network, the packet collision constraint can be divided
into four cases. Next, we analyse these four cases in detail as
follows.

1) Case 1: Receiving-Sending Collisions at the Next-hop
Node: When an AUV wants to send a data packet to the next-
hop node, it needs to determine when the next-hop node sends
the data packet, at which time data packets from the AUV can
not be received simultaneously. If the next-hop node N’ of the
AUV is a relay node m}, € {m}, | Hr(m},c;) = 1}, the
condition is that when the node mj, is sending a data packet
to the sink node ¢;, it can not receive the data packet from the
AUV, which can be expressed as

/1}; + tdata ¢ Qla (5)

where ¢4 is the sendmg time of the data packet from the
AUV, (2, is the collision time interval, denoted by (2; =
[t0 (o), 85 () + 2tgara , W is the number of communi-
cation time round for mz-, when the AUV want tolsend
data packet, which can be calculated as follows “}’ =

tA—i-T‘

VT—AJ /M; + 1. Similarly, if the sensor node si, is the next-
hop node of the AUV, it can not send the data packet to
node m; € {m]- | Hy(s),,mj) = 1} while receiving the data
packet from the AUV. So the collision avoidance condition is
given by

tA + T%//US + tdata ¢ 927 (6)

where (25 is the collision time interval for the sensor node
and is denoted by {25 = [tfc, (,uk,) tfc, (,uk,) + 2tdata}, where
uk, is the number of communication round for s}, when the
AUV want to send data packet, which can be given by y], =
VT—AJ /S;+1. Since sink nodes do not need to send data via the

acoustic communication link, they do not need to consider the
receiving-sending collisions when they serve as the next-hop
node.

2) Case 2: Receiving-Receiving Collisions at the Next-hop
Node: When an AUV wants to send a data packet to the
next-hop node, it should consider the conflicts caused by the
simultaneous arriving data packet from the other nodes. If the
next-hop node of AUV is a relay node m;,, it can not receive
the data packets from other nodes simultaneously. So AUV
firstly need to find the sensor node s, € S7', where S¥' =
{si | Hp(m}, s{z ) = 1}, who is sending data packet to the
relay node mé/ At time t 4, the sequence k can be calculated

(ukgfl)As /+ Y27, 8; 4 1. So the
collision avoidance time can be given by

/Ue + Tdata ¢ 937 @)

as follows k = {—J

tA+T

where (23 is the collision time mterval for the relay node and

is denoted by (25 = Pﬂ(uk>+—rk /v%tf<uk>4—rk Jvst

m’. m

2tdata}
¢y, it can not receive the data packets from the AUV and

the relay node mé/ € M? simultaneously, where M? =

{ | Hr(cir,m ) = 1} The sequence number j can be

calculated as follows j = VT—AJ — (uj./ —1)My +EZ:1 M;+1.
So the collision avoidance condition can be expressed as

. Similarly, if the next-hop node of AUV is a smk node

ta+ 7l Jvs + tawa ¢ )

where (2, is the collision time mterval for the sink node and
is denoted by 24 = [tl (uj )+ ey v, t (u7 )+ e Jus +

2tdala:| .

Since the sensor nodes do not receive any data packets from
others, they do not need to consider the receiving-receiving
collisions when they serve as the next-hop node.

3) Case 3: Receiving-Sending Collisions at the Interference
Nodes: When an AUV wants to transmit a data packet, it needs
to consider the collisions not only at the next-hop node but
also at the other interference node I’ € Z. That is, the arriving
time of data packets from the AUV and the sending time of
data packets at the interference node can not overlap, which
can be denoted by

ta+ T’ﬁ/’l)s + ldata ¢ §25, )]
where (25 is the collision time interval for
the interference node and is denoted by
25 = {0 ) ) + 2| | T €S} U

{88 ) + 2t | 7 € ¥

4) Case 4: Receiving-Receiving Collisions at the Interfer-
ence Nodes: When a data packet is transmitted from the AUV,
it may cause a non-neglected receiving-receiving collisions
at the interference node I’ € Z. That is, the interference
node I’ can not receive data packets from the AUV and the
corresponding interference node I"” € {I"” | H;(I',I") =1},
simultaneously. So the arriving time of the data packet from
the AUV A can not overlap with the arriving time of the data
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Fig. 2. Network performance with different traffic loads.

packet from the corresponding interference node I”, which
can be calculated as follows

ta+ 77 /s + taaa & 26, (10)
where (2 is the collision time inter\{al for the inte;rfergnce
node and is denoted by 25 = { {ti () 48 Jus, t, (1) +
P o 2| |17 € S PO L8 i)+ o) ot () +
r}://vs + 2tqua| | I € Mil}.

According to (5)-(10), the collision avoidance conditions

can be summarized as follows

ta+ 70 Vs F taaa & 2, (11)

where 2 = {{1U2| N eM} U {2|N S} U
{Q)| N eCYu{25U Q% | N € I}}.

B. VBPS Algorithm Design

To transmit the urgent data and the moderate data, we
should select a next-hop node from static networks and the
transmission time with least collisions and minimum delay.
The detailed VBPS algorithm is shown as follows.

1) Searching Possible Next-Hop Nodes: When data packet
arrives, AUVs take static nodes within AUVS’ communication
range as candidate next-hop nodes. Note that an AUV can
only select static nodes whose locations are obtained by it.
Actually, since AUVs do not obtain the global information of
all the static nodes, they will miss some static nodes within
their communication range.

2) Searching the Possible Transmission Time: As illustrated
in Section IV-A, AUVs calculate the possible transmission
time based on packet collision constraint. As data packets
arrive, AUVs search all the possible earliest sending time for
each candidate next-hop node N’ € N’. When data packets
arrive at AUVs, AUVs check the collision constraint based on
(11), where ¢4 = t/, for urgent data or ¢4 = ¢/, for moderate
data. If the transmission time does not satisfy the collision
constraint, it would be delayed until the earliest collision-free
time.

3) Avoiding Collisions between Urgent Data and Moderate
Data: Although the urgent data and moderate data arrive
following different traffic loads, they may arrives at the same
time interval. Therefore, we need to select different next-hop
node and transmission time to avoid collisions among them.
For these two kinds of data, the urgent data requires less
waiting delay, so the urgent data should be transmitted before
the moderate data when they arrive in conflict at the AUV.

4) Selecting the Optimal Next-Hop Node and Transmission
Time: Based on the above possible transmission time and next-
hop node, AUVs can calculate the Vol of data packets. Then
AUVs select the optimal next-hop node and transmission time
from all the possible search space for the urgent data and the
moderate data.

We assume that the number of possible next-hop nodes
in N7 is |N’|, which is much smaller than N,,. And we
assume that the number of possible transmission time is |t4].
The computational complexity of VBPS algorithm is quadratic

O(IN"[[tl)-

V. PERFORMANCE EVALUATION

Simulations are carried out to evaluate the performance
of the proposed VBPS algorithm. Two protocols are used
for comparison, i.e., random access protocol (RA) and load
adaptive carrier sense multiple access control MAC protocol
(LACCM) [6]. In the RA protocol, AUVs send data pack-
ets randomly following a random distribution. And in the
LACCM, AUVs send a beacon packet before sending the data
packets, which stops all the ongoing transmissions to avoid
packet collisions.

A. Simulation Setup

In this simulation, we use the commercial underwater acous-
tic communication modem specifications of S2CR18/34 from
Evologics [15]. For this modem, the frequency f, the data rate
R, the communication range dp, and the transmission power
Pt are set to be 18 kHz to 34 kHz, 13.9 kbps, 3,500 m, and
65 W. The velocity of AUVs is set to be 10 m/s. In terms of
the VoI, the initial values, V. and V,%, are the same as the
data packet size; the weighting parameters /3, and 3,, are set
to be 0.5 and 0.3, respectively; the scaling factor is 3 for both
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Fig. 3. Cumulative Vol with different traffic loads.
a,, and o,,; and T;, and T}, are five and ten times as long as
the time slot.

To verify the performance of the proposed algorithm, we
carry out simulations with different scenarios. The perfor-
mances are compared with different data traffic loads A varying
from 0.01 to 0.1 packets/s for the urgent data and from 0.1
to 1 packets/s for the moderate data, and different number
of AUVs varying from 1 to 5. The performances of these
algorithms are all evaluated in terms of collision rate among
static nodes, network throughput, average end-to-end delay,
and cumulative Vol.

B. Simulation Results

Figure 2 displays the performance of proposed algorithms
with different data traffic loads. The collision rate among static
nodes is shown in Fig. 2(a). It shows that with the increasing
of data traffic load, the collision rate among static nodes of all
algorithms is stable. This is because, the collision rate among
static nodes is mainly related to the global information of
static network when data packets arrive at the AUV while
it is not influenced by the number of generated data packets.
The collision rate among static nodes of VBPS is larger than
that of LACCM while it is greatly smaller than that of RA.
This is because, in VBPS, we take actions to calculate the
packet collision constraints to avoid collisions, which is not
considered in RA. However, due to the imperfect knowledge
of the static network, the possibility of collisions among
static nodes still exists. Fig. 2(b) shows how the data traffic
load influences the network throughput. The results show that
the network throughput increases linearly as data traffic load
increases. The network throughput of these algorithms is very
similar. The average end-to-end delay is illustrated in Fig. 2(c)
and that of these protocols increases slightly as data traffic
load increases. In addition, the average end-to-end delay of
VBPS is greatly shorter than that of RA and LACCM. Due to
the VBPS calculates all possible receivers and select the best
candidate of next-hop node based on Vol. Thus, the end-to-
end delay is shorter compared with RA and LACCM which
select the next-hop nodes randomly.

In terms of the cumulative Vol, the influence of data traffic
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Fig. 4. Cumulative Vol with different number of AUVs.

load and number of AUVs are shown in Fig. 3 and Fig. 4,
respectively. Results show that VBPS performs better than
RA and LACCM. The reason is that the next-hop node for
AUVs is selected to maximize Vol in VBPS while it is selected
randomly in RA and LACCM. Results prove that the strategy
of data packet transmission based on Vol is effective. Besides,
the cumulative VoI of all of them decreases slightly as the data
traffic load increases. This is because, the relative end-to-end
delay increases slightly with the increasing of the data traffic
load, which results in the decreasing of Vol. In addition, when
the number of AUVs increases, the cumulative Vol increases
linearly while that for each node is slightly decreased. The
cumulative Vol for each AUV in each algorithm is roughly
similar.

VI. CONCLUSION

In this paper, we have presented a novel packet scheduling
scheme for the AU V-assisted network without requiring global
information while avoiding collision with regular data trans-
missions among static nodes. Furthermore, we have formulated
a combinatorial optimization problem to maximize the Vol
and proposed a distributed search algorithm to solve it, which
exploits the spatial-temporal reuse to establish data packet col-
lision constraints and then determines the next-hop node and
data transmission time for AUVs. Extensive simulation results
have shown that the proposed scheme performs better than
the benchmarks in terms of collision rate, network throughput,
average end-to-end delay, and cumulative Vol. The significant
of this research is to make AUVs perform monitoring tasks
in a dynamic and scalable manner, without interfering with
activities carried out by existing static nodes. For the future
work, we will study the joint optimization of mobile nodes’
deployment and data transmission strategies.

REFERENCES

[1] A. Al Gughaiman, O. Akanbi, A. Aljaedi, and C. E. Chow, “A survey
on MAC protocol approaches for underwater wireless sensor networks,”
IEEE Sensors J., vol. 21, no. 3, pp. 3916-3932, Sept. 2020.

[2] E. M. Sozer, M. Stojanovic, and J. G. Proakis, “Underwater acoustic
networks,” IEEE J. Ocean. Eng., vol. 25, no. 1, pp. 72-83, Jan. 2000.



[3]

[4]

[5]

[6

[10]

[11]

[12]

[13]

[14]

[15]

D. Pompili and I. F. Akyildiz, “Overview of networking protocols for
underwater wireless communications,” IEEE Commun. Mag., vol. 47,
no. 1, pp. 97-102, Feb. 2009.

Y. Noh, U. Lee, S. Han, P. Wang, D. Torres, J. Kim, and M. Gerla,
“DOTS: A propagation delay-aware opportunistic MAC protocol for
mobile underwater networks,” IEEE Trans. Mobile Comput., vol. 13,
no. 4, pp. 766-782, Jan. 2014.

M. Deng, H. Chen, and L. Xie, “DCO-MAC: A hybrid MAC protocol
for data collection in underwater acoustic sensor networks,” Sensors,
vol. 18, no. 7, pp. 2300-2324, Jul. 2018.

Y. Zhang, H. Chen, and W. Xu, “A load-adaptive CSMA/CA MAC
protocol for mobile underwater acoustic sensor networks,” in Proc. Int.
Conf. Wireless Commun. Signal Process., Hangzhou, China, Dec. 2018,
pp. 1-7.

M. Ma, Y. Yang, and M. Zhao, “Tour planning for mobile data-gathering
mechanisms in wireless sensor networks,” IEEE Trans. Veh. Technol.,
vol. 62, no. 4, pp. 1472-1483, May 2013.

X. Zhuo, M. Liu, Y. Wei, G. Yu, F. Qu, and R. Sun, “AUV-aided energy-
efficient data collection in underwater acoustic sensor networks,” IEEE
Internet Things J., vol. 7, no. 10, pp. 10010-10022, Apr. 2020.

S. Sun, X. Zhang, C. Zheng, J. Fu, and C. Zhao, “Underwater acoustical
localization of the black box utilizing single autonomous underwater
vehicle based on the second-order time difference of arrival,” IEEE J.
Ocean. Eng., vol. 45, no. 4, pp. 1268-1279, Oct. 2020.

R. Su, Z. Gong, C. Li, and X. Shen, “Algorithm design and
performance analysis of target localization using mobile underwa-
ter acoustic array networks,” IEEE Trans. Veh. Technol., to appear,
10.1109/TVT.2022.3211830.

S. Han, J. Yue, W. Meng, and X. Wu, “A localization based routing
protocol for dynamic underwater sensor networks,” in Proc. IEEE Global
Commun. Conf., Washington, DC, USA, Dec. 2016, pp. 1-5.

J. Yan, X. Yang, X. Luo, and C. Chen, “Energy-efficient data collection
over AUV-assisted underwater acoustic sensor network,” IEEE Syst. J.,
vol. 12, no. 4, pp. 3519-3530, Dec. 2018.

R. Duan, J. Du, C. Jiang, and Y. Ren, “Value-based hierarchical
information collection for AUV-enabled Internet of underwater things,”
IEEE Internet Things J., vol. 7, no. 10, pp. 9870-9883, Oct. 2020.

L. Lyu, Y. Dai, N. Cheng, S. Zhu, X. Guan, B. Lin, and X. Shen,
“Aol-aware co-design of cooperative transmission and state estimation
for marine IoT systems,” IEEE Internet Things J., vol. 8, no. 10, pp.
7889-7901, May 2021.

Website of evologics, https://evologics.de/acoustic-modems, accessed
Oct. 2022.



