
Image compression with Region Of Interest for Underwater
Robotic Archaeological Applications

Eduardo M. Rubino, Diego Centelles, Jorge Sales, José V. Mart́ı, Raúl Maŕın, Pedro J. Sanz
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Abstract

The increasing demand for underwater robotic in-
tervention systems around the world in several ap-
plication domains requires more versatile and in-
expensive systems. The use of supervised semi-
autonomous robots can help at this task. To
achieve this goal, a wireless communication sys-
tem can provide freedom of movements to the robot
and, at the same time, allows the operator to
get camera feedback and supervise the interven-
tion. This paper proposes the use of progressive
image compression and the use of regions of inter-
est (ROI) for underwater robotic applications, spe-
cially when there is limited bandwidth (i.e., wire-
less underwater RF channels) allowing for a much
more agile data exchange between the vehicle and
a human operator supervising the underwater in-
tervention. The operator can dynamically decide
the quality, frame-rate or resolution of the received
images so that the available bandwidth is utilized
to its fullest potential and with the required mini-
mum latency.

Keywords: Underwater Robotics Intervention,
Image Compression, ROI (Region of Interest), Au-
tonomy Image Transmission, Wireless Communi-
cations.

1 Introduction

In the context of the MERBOTS research project,
a three-year coordinated project funded by the
Spanish government for the period 2015-2017 un-
der grant DPI2014-57746-C3 [1], one of the roles
of our research group inside the MERMANIP sub-
project is to build a wireless communication sys-
tem that can provide freedom of movements to
the underwater robot and, at the same time, to
allow the operator to get feedback and supervise
the intervention (see Figure 1). The robotic sys-
tem under development will assist the archaeolo-
gists in the detailed work of monitoring, charac-
terization, study, reconstruction and preservation
of archaeological sites, always in accordance with
the continuous supervision of the human expert.

MERBOTS represents the natural continuation
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Figure 1: Search and Recovery in the context of
archaeology. A wireless RF link provides feedback
to the user that is supervising the intervention.

of several national and international research
projects in the last years in the field of under-
water robotic intervention (i.e. RAUVI [2], TRI-
TON [3], TRIDENT [4]). One of the objectives of
the MERMANIP subproject is to provide different
communication technologies that can be used to
allow the operation of a vehicle without any phys-
ical connection to the surface operators, which are
supervising and controlling an intervention task.
Our research team is in charge of the design of
a wireless communication underwater system that
is able to transmit telemetry data as well as com-
pressed low-resolution images, allowing the imple-
mentation of cooperative intervention missions.

The underwater communications for the proposed
system will be implemented over RF channels.
Taking into account the low data transfer ratio
that can be achieved using RF, advanced image
compression techniques must be used. The sys-
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BLACK BOX

Figure 2: Example of scene with a Region of In-
terest (ROI).

tem will include a specific communication protocol
that will adjust in real time the compression ra-
tio depending on the available bandwidth at each
time, thus guaranteeing a minimum quality to al-
low proper monitoring of the intervention by the
expert operator. It is also considered the objective
of improving the compression system, allowing the
quality adjustment of the scene by Regions of In-
terest (ROI), when the user requires higher image
quality in a specific area (e.g around the manipu-
lator arm). The Fig. 2 shows an example of scene
with a ROI.

2 The intervention domain

Robotic applications and, particularly, Au-
tonomous Underwater Vehicles for Intervention
(I-AUV) use images from its built-in camera(s)
(video) as one of its main sources of data, among
others, in order to control its internal algorithms.
In a supervised system, these images should reach
the operator with the lowest latency and with the
highest quality possible so that he can interact
with the system and adjust the task execution in
a supervised manner. As an example, this kind of
control has been experimented in the FP7 TRI-
DENT project, to perform autonomous visually
guided grasping in the sea [5].

Besides this, communications is a crucial subsys-
tem in any robotic application, specially the ones
that permit the user to interact remotely with the
system. Because of that, image compression and
transmission is necessary in order to send the re-
quired information with the lowest latency and
without compromising the network and the whole
system.

Although recent studies demonstrate that, using
the most efficient modulation methods, it is possi-
ble to transmit video through an underwater chan-
nel using acoustic signals [6, 7] and Blue Light [8],

both acoustic and optical signals are not capable
to pass through solid objects that could be in the
line of sight of the wireless transceivers. Moreover,
the performance of these methods depends heavily
on the characteristics of the underwater scenario
and the type of the channel. On one hand, acous-
tic systems are greatly affected due to multi-path
if the link is horizontal, and also by the acoustic
noise originated by human activity or the noise of
the sea waves, animals, etc. The acoustic noise
constrains the range of typical frequencies used
in acoustic systems between 8 and 155 KHz [9],
which makes it very difficult to achieve high data
rates. On the other hand, communication meth-
ods based on visible light only work fine on very
clear waters and are greatly affected by scattering,
suffer attenuation by absorption and usually need
accurate alignment.

Nevertheless, RF based solutions are not as af-
fected by the typical problems of the acoustic and
optical methods, and are much cheaper. More-
over, RF signals can propagate easier from a
medium to another, allowing the establishment of
a communication link to an underwater transducer
from the surface. The main problem of using RF
is the high attenuation that it suffers when the
waves go through the water. However, different
studies [10, 11, 12] indicate that, with the neces-
sary antennas, at lower frequencies, and using the
best modulation methods, it is possible to set up
a communication link up to several tens of meters
through the water.

The application of the most advanced progressive
image compression algorithms, as the ones pre-
sented in this document, would allow image trans-
mission rates of several frames per second, at the
typical latency of the radio-frequency communica-
tions. This proposal would overcome the commu-
nications challenge in most common underwater
robotic interventions.

In the proposed system, a progressive image com-
pression technique and the use of ROI are intro-
duced. At the moment of writing, a compression
image server is already implemented and the re-
searchers are working to adapt it to the robot plat-
form.

As can be seen in Fig. 1, the system will need
to connect the surface with the intervention vehi-
cle, allowing the access to the network through a
wireless Wi-Fi channel at 5 GHz (<10Km), and
connecting this device to a second one, which will
establish a radio connection with the first one by
using two channels, one for sending and one for re-
ceiving. Through these channels, the compressed
images, the feedback from the sensors and the con-
trol commands will be sent to the vehicle.
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3 Image Compression Techniques

The objective of image compression is to reduce
its entropy in order to store or transmit it in a
more efficient manner. We can also clearly distin-
guish between lossless and lossy compression. In
lossless compression, the decompressed image will
be exactly the same as the original image while,
in lossy compression, the decompressed image will
be an approximation of the original image.

Digital images usually have 3 color components,
which means that what we perceive as one color
image is (without loss of generality), in fact, com-
posed of a luminance channel (black and white
version of the color image) and 2 color difference
channels (which can usually be subsampled with-
out much loss).

Progressive image compression is such that it is
trivial and very inexpensive in terms of process-
ing power (there is no need to decompress and
recompress the image) to supply an image which
is either resolution or quality progressive, mean-
ing that the image data can be truncated at any
point and we would still get a lower resolution
or quality version of the original image (in this
sense, lossless streams can become lossy by sim-
ple truncation). In the case of color images, we
could also prepare the image in such a way that a
monochrome version of it could be obtained with
the same progressive characteristics as before.

As opposed to video compression, image compres-
sion does not address the compression of the high
temporal correlation between adjacent frames in
a video sequence. Even though the compression
is not as good as it is for video, this has the ad-
vantage of being able to rapidly adapt to chang-
ing conditions in the communications channel as
well as increased flexibility in dynamically chang-
ing the frame rate and quality parameters, which
are of great importance in low latency communi-
cations.

It is important to note that, even though the final
objective of image compression is reduction in size,
many other factors come into play when discussing
actual algorithms. For example, if the reduction
in size is such that the time taken for compression
and transmission is smaller than transmitting the
uncompressed image, we may say that the objec-
tive of compression is the reduction of the trans-
mission time of the image. Other factors such as
latency or delay play a very important role in the
design of an image and/or video compression al-
gorithm, as well as random access to past frames,
among others.

For example, for the monitoring of security cam-

eras in real time, it is not necessary to have nei-
ther high resolution nor high quality but, when
searching for details on an image we need all the
resolution, quality, and color we can get. Also,
while browsing an image sequence database to find
a frame that represents a certain moment when
an event occurs, there is no need for high quality
and resolution and, when this frame is found, it
can be retrieved with full quality, resolution, and
color, so that it can be analyzed in all its avail-
able detail. Such a scheme would allow for much
faster searches, specially if these searches are done
remotely, by minimizing the bandwidth and pro-
cessing needs.

Therefore, compression in general and image com-
pression in particular is a very application specific
task, with many available trade-offs and many dif-
ferent algorithms that try to maximize (or mini-
mize) some design criteria. Most image compres-
sion algorithms are lossy algorithms designed with
the sole purpose of minimizing the resulting size
of the image with minimal regard to its execution
latency and, in most cases, the whole compressed
data is necessary in order to be able to decompress
it.

Fortunately, there is a class of image compression
algorithms that possess many desirable proper-
ties simultaneously and which can also be imple-
mented very efficiently, with complexity similar to
the JPEG standard in uniprocessors [13], and with
less latency in modern multi-core processors by
taking advantage of algorithm parallelism. These
algorithms possess the following properties:

• lossless/lossy

• quality scalability

• resolution scalability

• color channel scalability

• random access

• ROI (Region Of Interest)

among others (some algorithms may combine
many of the above attributes simultaneously).

Scalable compression usually takes advantage of
multiresolution signal decomposition, which is
natural for dyadic wavelet decomposition but can
also be used with DCT [14] or other block trans-
forms by simply rearranging its coefficients. The
coefficients are sent either in bitplane order across
all frequencies (resolution) or frequency order
across all bitplanes (quality), or a combination
thereof, achieving the desired scalability. During
compression, special markers can be inserted to
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separate the color components and also to intro-
duce futher blocking within the frequency bands
to achieve the desired color scalability and ran-
dom access, respectively. Also, bitplane shifting
(scaling) can be used to introduce regions of in-
terest, as long as their positions and shapes are
transmitted as side information to the decoder.

A few of the known progressive algorithms are:
EZW Embedded Zerotree Wavelet [15], SPIHT Set
Partitioning In Hierarchical Trees [16], SPECK
Set Partitioning Embedded bloCK [17], and
EBCOT Embedded Block Coding with Optimized
Truncation [18], which is the algorithm used for
the JPEG2000 standard [13], among others. It
should be noted that there are many extensions
and variations for all these algorithms and most
of them do not have an optimized implementa-
tion readily available. This means that an efficient
implementation, preferably parallel, should be de-
veloped so that it can be deployed in a real-world
scenario in low-power SBC (Single Board Com-
puters) which are commonly used in underwater
vehicles.

Embedded image compression is a very efficient
way to cope with varying transmission bandwidth
problems in hard real time systems, where it would
be better to have a low quality version of the cur-
rent image instead of a high quality version of an
old image. The main idea behind using embed-
ded image compression in the current scenario is
to group the source of the data (image) with the
transmission channel into one manageable whole,
increasing the adaptability of the whole system by
varying the amount of data transmitted when the
channel capacity changes, i.e., increase the image
quality when there is bandwidth available and de-
crease it when there is not, in order to meet a pre-
defined maximum latency or bandwidth. Also, in
order to cope with the need of very low latency, the
current algorithm has been developed with paral-
lelism in mind, being able to use many threads of
execution in order to decrease the latency as much
as possible.

There are many ways in which different compres-
sion algorithms can be evaluated and compared.
For quantifying the error between images, two
measures are commonly used. They are the Mean
Square Error (MSE) and the Peak Signal to Noise
Ratio (PSNR). The MSE between an image yk and
its approximation ŷk is given by:

MSE =

N−1∑
k=0

(yk − ŷk)
2

N

where N is the total number of pixels in each im-

Non-ROI bitplanes

ROI bitplanes

Figure 3: ROI coding methods: (a) Uniform
compression, (b) bitplane shifts for the maxshift
method, and (c) bitplane shifts for the scaling-
based method.

age. The PSNR between two (8 bpp) images, in
decibels is given by

PSNR = 10 log10

(
2552

MSE

)

and is used more often since it is a logarithmic
measure and the human brain seem to respond
logarithmically to changes in intensity. Increas-
ing PSNR means increasing fidelity of compres-
sion and, as a rule of thumb, when the PSNR is
greater than or equal to 40 dB, it is said that the
two images are virtually indistinguishable by hu-
man observers.

4 ROI (Region of Interest)

In a low-bandwidth scenario or when the im-
ages are highly compressed, there may be circum-
stances where the image is still not good enough
for an operator to distinguish the necessary de-
tails. In this case, the use of ROI is an elegant
solution to the problem of being able to see the
details in part of the image while still maintaining
a very high compression level, at the expense of
making the other areas in the image less detailed.
ROI has been most extensively used in conjunc-
tion with medical imaging and are an integral part
of the JPEG2000 standard. Most ROI techniques
are usually used in conjunction with wavelet based
image coding techniques [19].

For Region Of Interest (ROI) processing, there
must be a way for the decoder to know which re-
gions were encoded with higher priority than oth-
ers. A common method known as MAXSHIFT
[20] [21] is commonly used so that the bitplanes
of the ROI region are encoded in its entirety be-
fore any bitplanes of the rest of the image (back-
ground) (see Fig.3). This has the advantage of
almost no overhead (only the number of extra bit-
planes are sent so the decoder knows that after
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Figure 4: (a) ROI mask, and (b) Wavelet mask
for 2 levels of DWT.

reaching this number of bitplanes it should un-
scale the received coefficients by the amount of
bitplanes remaining) but has the disadvantage of
having to send the whole ROI, with all its details,
before receiving a single bit from the rest of the
image.

A more useful method known as SCALING [20]
[21] consists of simply shifting the ROI coefficients
by a certain number of bits so that they fool the
bit allocation algorithm into thinking that they
are more important than they actually are and
coding them before other coefficients that became
smaller due to the scaling (see Fig. 3). In fact, this
effectively blends the ROI coefficients with back-
ground coefficients which are also important (same
order of magnitude) such that the results are seen
with good quality in a lower quality background.
The main disadvantage of this method is that a
ROI map must be sent as extra information to
the decoder (overhead), increasing the minimum
amount of bits necessary to recover a suitable ap-
proximation to the original image.

This map information can consist of object co-
ordinates (rectangles, ellipses, or arbitrary poly-
gons) or, in case of an arbitrary region, a bitmap
of the ROI. In this last case, in order to reduce
the amount of overhead, this map could be the
resulting map on the last decomposition subband
(LL) thereby significantly decreasing the bitmap
size but having the drawback of using a coarser
scale, depending on the number of dyadic decom-
positions (for an n-level dyadic decomposition the
grid would be 2nX2n pixels). This bitmap usually
consists of a small region and, therefore, is a good
candidate for some form of run-length encoding
(Fig. 4).

Other methods, which interleave the ROI coeffi-
cients with the background coefficients, in a pre-
determined and alternating order, have also been
devised in order to minimize the transmission of
overhead information but most of them require
fundamental algorithmic changes so that both the
encoder and the decoder scan the bitplanes in

0.0 0.2 0.4 0.6 0.8 1.0
15

20

25

30

35

40

45

50

bits per pixel

PS
N

R
 (d

b)

with ROI

without ROI

Figure 5: Effect of ROI in PSNR.

the same order and are more complex than the
MAXSHIFT and SCALING method.

The examples used in this paper were prepared
with the SCALING algorithm with arbitrary
coarse regions as described above.

It should be observed that, in general, the use of
ROI will impact negatively in the PSNR of the
whole reconstructed image but will improve sig-
nificantly the fidelity in the ROI itself. In our ex-
ample, Fig. 5 shows the difference for coding the
region around the text with 4 bits of shifting in
comparison of the coding of the image without any
ROI. The image used for this is the monochrome
1024x768 image used in Fig. 6 and the ROI is the
rectangle of dimensions 64 x 192 with top left cor-
ner at (x0, y0) = (417, 65) and bottom right corner
at (x1, y1) = (480, 256).

5 Implementation

A working implementation has been developed in
the C programming language with special vector
code for both Intel and ARM processors to speed
up the inner loop of the wavelet transform routine.

For the 1024x768 pixel, 8 bpp graylevel image used
(lower left image in Fig.6) we ran the compressor
in both a Raspberry Pi 2 Model B (RPi2B) and a
Beaglebone SBC (Single Board Computer). The
RPi2B is based on a 900 MHz quad code ARM
processor manufactured by Broadcom (BCM2836
SoC) while the Beaglebone is based on a 720 MHz
single core ARM (AM335x 720MHz ARM Cortex-
A8) manufactured by Texas Instruments.

The timings for each board for compressing the
image on the lower left corner of Fig.6 with and
without ROI are displayed on Tables 1 to 4. The
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Figure 6: Comparison of compressed image without (top line) and with (bottom line) ROI around the
text “TRIDENT” (SCALING with shift=4). The numbers are the actual size in bytes of the compressed
image (1024 x 768 pixels)

algorithm has a parameter that specifies either
the max size or a “quality” factor (which bears
some inverse relation with the PSNR). The nor-
mal usage (if lossless compression is not required)
is to use a “good” quality parameter for local
storage and transmission of any prefix of this file
for lower quality versions of the compressed im-
age. The “quality” used for each line of the tables
was 0, 4, 8, 12, 16, and 24. The wavelet used
was the CDF(4,4) (Cohen-Daubechies-Feauveau)
b-spline integer transform, also known as the 13/7-
T transform, with 5 decomposition levels. The
first line of each table (where the “quality” param-
eter is 0) is for the lossless case, where MSE = 0
(PSNR =∞).

The column labeled “pre” is the time (in millisec-
onds) for the wavelet transformation and all other
tasks needed to actually start running the com-
pression algorithm (mean extraction, conversion
to sign-magnitude, etc). This step is independent
of the amount of bits output and is in fact a lower
bound for images of this size (it is almost indepen-
dent of the contents of the image itself and mostly
dependent on the image dimensions alone).

The column labeled “code” is the time (in millisec-
onds) for the actual compression algorithm and is
directly proportional to the amount of bits output.
Therefore, the specification of a quality factor or
a maximum size will have great impact on this
part and in the total running time for the image
compression.

The implementation for the inner loop of the
wavelet transform was done using the NEON vec-

tor instructions for the ARM with the help of the
GCC (GNU Compiler Collection) intrinsics. A
plain C implementation takes about 50 ms for the
RPi2B and 90 ms for the Beaglebone for the “pre”
column.

Table 1: RPi2B Timings (without ROI)
PSNR Size Pre Code Total
(db) (bytes) (ms) (ms) (ms)

∞ 277346 25.0 110.5 135.5
44.04 48111 25.0 24.5 49.5
40.66 22998 25.0 12.3 37.3
39.48 17356 25.0 9.0 34.0
37.38 10055 25.0 5.5 30.5
36.66 8366 25.0 4.5 29.5

Table 2: Beaglebone Timings (without ROI)
PSNR Size Pre Code Total
(db) (bytes) (ms) (ms) (ms)

∞ 277346 58.0 172.0 230.0
44.04 48111 58.0 40.5 98.5
40.66 22998 58.0 20.8 78.8
39.48 17356 58.0 15.0 73.0
37.38 10055 58.0 9.4 67.4
36.66 8366 58.0 7.5 65.5

6 Conclusions

This paper proposes the use of progressive im-
age compression and the use of regions of interest
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Table 3: RPi2B Timings (with ROI)
PSNR Size Pre Code Total
(db) (bytes) (ms) (ms) (ms)

∞ 283292 26.0 111.5 137.5
44.07 53667 26.0 26.5 52.5
40.72 27648 26.0 14.0 40.0
39.56 21074 26.0 10.7 36.7
37.48 13633 26.0 7.2 33.2
36.76 10590 26.0 5.5 31.5

Table 4: Beaglebone Timings (with ROI)
PSNR Size Pre Code Total
(db) (bytes) (ms) (ms) (ms)

∞ 283292 59.5 174.0 233.5
44.07 53667 59.5 44.0 103.5
40.72 27648 59.5 24.0 83.5
39.56 21074 59.5 17.8 77.3
37.48 13633 59.5 12.2 71.7
36.76 10590 59.5 9.5 69.0

(ROI) for underwater robotic applications, spe-
cially when there is limited bandwidth (i.e., wire-
less underwater RF channels) allowing for a much
more agile data exchange between the I-AUV and
a human operator supervising the underwater in-
tervention. The operator could dynamically de-
cide the quality, frame-rate or resolution of the
received images so that the available bandwidth
is utilized to its fullest potential and with the re-
quired minimum latency.

The results show that one core of a RPi2 can com-
press relatively high-resolution images (1024x768)
in very high quality. It can be seen from table 1
that it can process close to 30 frames per second
with a PSNR around 40 db and there are still 3
more cores to be used by other processes.

The Beaglebone is a less powerful board for im-
ages of this dimension but is still able to compress
around 12.5 frames per second at the same 40 db
PSNR. In this case, either the quality, frame size,
or frame rate could be tuned so that the compres-
sion would use a certain predefined portion of the
CPU, allowing other tasks enough timeslices to be
executed on the same board.

As long as the ROI is a simple region, there is
not much difference in encoding times for using it,
even though there is a small penalty to pay in com-
pression efficiency for the whole image (around 2%
in our example).

A specially designed progressive compression algo-
rithm has been implemented so that it possesses
both quality and resolution scalability, ROI, and is

simple enough with the goal of being usable in lim-
ited resource computers. The results show that it
is quite competitive with state-of-the-art compres-
sion algorithms like JPEG2000 while being much
faster.

Currently, an underwater short-distance wireless
RF communications device is being developed.
The expected bandwidth is around 40 kbps and
it should be enough to transmit good quality de-
tailed images of the region of intervention between
2 and 4 frames per second.
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