
Virtual UEP for Progressive Image Transmission in
Underwater Communication

Laura Toni1, Lorenzo Rossi1, Nazim Agoulmine2, and Jean-Guy Fontaine1

1IIT, Italian Institute of Technology, Genova, Italy.
2LRSM, University of Evry, Val d’Essonne, France

E-mail: {laura.toni, lorenzo.rossi}@iit.it

Abstract— Due to its applications in marine research, oceano-
graphic, and undersea exploration, underwater communication
has been recently under intense investigation. Although under-
water communication has been improving its performance (in
terms of bandwith, QoS, etc.), image transmission in autonomous
underwater vehicles (AUVs) networks is still considered a frontier
work. Here, we address the progressive image transmission in
AUVs fleet, highlighting our future steps in this research.

I. INTRODUCTION

In the last decades, due to the increasing attention to
undersea applications, underwater communications have been
deeply investigated. Since the terrestrial radio link differs from
its underwater counterpart, technology and communication
models for the former might not be suitable for the marine
scenario [1].

Recently, several improvements have been achieved in the
autonomous underwater vehicle (AUV) technology turning the
idea of employing multiple AUVs on a coordinated mission
into a realistic goal. In a hypothetical application aimed at
monitoring undersea environments, for example, a fleet of
AUVs might cover an area wide far beyond the possibilities
of a single vehicle, guarantying at the same time a better
communication with the surface, taking benefit of multi-hop
communication. In a AUVs fleet scenario, each vehicle is a
candidate for relaying packets, leading to a flexible network.
Since both position and number of the nodes can considerably
affect the overall performance, according to the application
and constraints considered, an optimization of the network
footprint is required [2]. By increasing the number of deployed
nodes, the link distance is reduced, leading, in an underwater
environment, to a more reliable communication. On the other
hand, the higher is the number of nodes, the greater are the
transmission delay and the network complexity.

Even if in many applications (e.g., oceanographic) the
interest in underwater multimedia communications has been
constantly growing, they still remain challenging due to low
throughput, high path loss, and multipath degradation in
underwater channels. While sonar images could be sufficient
for oceanographic tracking of the marine mammalian [3],
they suffer from major shortcomings when other aspects are
considered. In monitoring the animal behavior, for example,
good-quality digital images or video could be required. To face
these issues, progressive image/video source coding, which
allow partial decoding at various resolutions from a single
compressed bitstream, might be considered. In this work,
we propose an algorithm aimed at enhancing the quality of
images transmissions in under water communication. The goal
is to demonstrate the potential of progressive image coding
technique in the undersea world, and to highlight our further
steps required in this research.

II. PRELIMINARS

A. Progressive Images

Progressive images have many attractive features [4]. First,
the quality of the decoded image is proportional to the received
data rate, it means that the more bits are available for the
decoding, the higher is the quality of the reconstructed image.
Second, the decoding process can be stopped as soon as a
target bit rate or a target distortion metric is met, and the
quality will be the best possible for that bit rate. Third, as a
consequence of the previous properties, one bitstream can be
truncated at different data rates, providing several qualities.
Thus, progressive image technique is a suitable approach for
heterogeneous networks (e.g., networks with different QoS, or
bandwidth). As a drawback, since an error generally renders
the subsequent bit useless, the transmission quality is highly
sensible to channel impairments. Since each bit is more
important than the next one, the communication protocols
should take into account this order of priority of the encoded
bitstream. Unequal error protection is able to better protect the
most important bits of the bitstream from channel impairments.

B. Routing Algorithm

As already mentioned, the introduction of possible relays
in the network may improve the system performance by
reducing the distance between sender and receiver, leading
to a more efficient communication. In this scenario, several
works have been considered aimed at evaluating the optimal
routing protocol to design ad-hoc networks [5], [6]. In this
work, we adopt the method presented in [5], the Focused Beam
Routing (FBR) protocol, suitable for both static and mobiles
nodes. Since in AUVs networks, each node can change its
location, the proposed routing algorithm requires that each
node is aware only of its own location and the one of the
packet’s final destination. By sending multicast request-to-send
(RTS) with a DACAP1 protocol the sender will ask to all the
nodes within a given range (depending on the power level used
for the RTS) to be its relay. Each node within this area, if not
already involved in any other communication, will reply with
clear-to-send (CTS), sending its own ID and location. Among
the possible candidates, the sender will select the more suitable
as its relay.

III. PROPOSED METHOD: VIRTUAL UEP

We now describe the proposed method, associated to the
FBR routing algorithm. The normal behavior of the system
would lead to the following transmission. Assuming that a
progressive image is transmitted over N packets from the node

1For sake of brevity, we refer the readers to [7] for details on distance
aware collision avoidance protocol (DACAP)



Fig. 1. Virutal UEP method.

S to the surface, the peer S will start a RTS/CTS procedure
for each packet. When the RTS is sent, if no neighbor nodes
are available, the node S will retransmit the RTS with a
higher power level. After a maximum number of attempts
(T ), if not CTS are received from the node S, the current
packet is discarded. It is obvious that, without optimizing
this parameter, extremely low performance might be achieved
when progressive image transmission is considered. Indeed, if
the first packet is not correctly received, the whole image re-
construction is compromised. To overcome this limitation, the
parameter T should be optimized for each packet transmission,
taking advantage of the progressive nature of the bitstream. A
degenerative case, with T → ∞ for all the packets, would
guarantee the minimization of the reconstructed image. On
the other hand, the average energy consumption and delay
of the network could be accordingly increased. A tradeoff
between image quality and network congestion is provided
with this proposed virtual UEP algorithm: different T values
are considered for each packet transmission, depending on the
importance of its payload. The more important the bits in the
packets, the higher is the T value, as shown in Fig. 1. Our
goal is to analyze the behavior of the optimal UEP level as a
function of the network congestion, and channel conditions.

IV. RESULTS

We now provide some first results evaluated with the
AUVNet simulator, described in [5]. We consider an area of
400 km2, with 4 sinks (i.e., fixed nodes able to communicate
to the surface that are the destinations of the packets), and
16 or 36 relays2. We denote by PQ(q) the quality probability
mass function (PMF), i.e., the probability of decoding the
image with a quality (in terms of PSNR) of q dB. We consider
four different levels of protection: no protection (T = 1 for all
the packets), a high protection (T = 6) for only the first two
packets, equal level of protection (T = 2 for all the packets),
and unequal error protection level (different values of T for
different packets). In the results, we denote these levels of
protection by NOP, First, EEP, and UEP, respectively.

Fig. 2 shows the PMF of the decoded quality for the scenario
with 20 nodes. When no protection is considered (NOP curve),
the probability of achieving a quality level in the range [14.5−
33] dB is almost 0.1, while is almost 0.6 the probability of
experiencing a PSNR of 34 dB. It follows that for networks
with 20 nodes, there is a high probability of correctly receiving
all the packets. By adopting a virtual protection, the system
performance can be further improved. Considering the First
curve, the probability of having a PSNR lower than 26 dB
is negligible, while, for both EEP and UEP, the probability
of achieving the best quality (34 dB) is almost one. For this
density network, since the EEP level is able to achieve good
performance, an UEP protection is not necessary. When the
number of nodes within the network increases (Fig. 3), the
need of protection increases accordingly. When no protection

2In these first results the mobility of the nodes is not considered.
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Fig. 2. Quality PMF for systems with 20 total nodes in an area of 400 km2.
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Fig. 3. Quality PMF for systems with 40 total nodes in an area of 400 km2.

is considered, it is more likely to experience a PSNR of 14.5
dB rather than the maximum PSNR value. By adopting any
protection level, the probability of receiving images with very
low performance (PSNR< 25 dB) is drastically reduced. Note
that the UEP outperforms the other systems, even the one with
EEP protection: when the UEP level is considered, the image
qualities that most likely are experienced by the system are
higher than 32 dB.

From these results, we can conclude that, by increasing
the network density, a minimum protection can improve the
system performance, preserving the image quality. Moreover,
an unequal protection, able to take advantage of the progres-
sive nature of the source bitstream, might outperform systems
with equal error protection levels. Then, the rising question
is: which is the behavior of the optimal protection level as a
function of the network density (and congestion)?
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