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ABSTRACT

The search and detection of objects under water is carried out by groups of specialised divers. However, their time underwater and their ability to penetrate
the depths are limited. For these reasons, the use of unmanned underwater vehicles equipped with technical observation equipment, including TV cameras,
is becoming increasingly popular for these tasks. Video images from cameras installed on vehicles are used to identify and classify underwater objects. The
process of recognition and identification of objects is tedious and difficult and requires the analysis of numerous sequences of images, and so it is desirable
to automate this process. In response to these needs, this article presents the concept of identification of underwater objects based on visual images from
an underwater body of water sent from an unmanned underwater vehicle to a base vessel. The methods of initial processing of the observed images from
an underwater area as well as the method of searching for selected objects in these images and their identification with the use of the Hough transform will
be described. Furthermore, the paper presents the results of the preliminary processing and identification of the observed images following a deconvolution
operation.
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INTRODUCTION

Since the 1970s, there has been a growing
interest in underwater vehicles which are being
challenged with increasingly complex tasks. Initially,
underwater vehicles were used to measure various
physical and chemical parameters of sea depths.
Currently, one of the main tasks assigned to deep-sea
vehicles is to support the search for various types of
objects in the water column or lying on the bottom. To
this end, vehicles are equipped with a navigation system
and sonars allowing for the searching and observing of
large underwater areas, as well as vision systems
supporting the identification of objects with the use of
vision methods [1,2].

The limited size and buoyancy of an underwater
vehicle does not always allow for the installation of video
analysis devices directly on the vehicle. For these reasons,
the sequence of images of an underwater area should be
sent through the umbilical cord or acoustic channel to the
base ship and only then should the identification process
of the researched object be carried out. This process must
take place in real time. The image is analysed in the image
identification system. During the analysis of the sent
images, the search for selected image elements similar to
the patterns stored in the identification system database
takes place [3].
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Fig. 1 The concept of a video search and identification system with the use of an underwater vehicle.

The concept of such a solution is presented in
Fig. 1. The underwater vehicle is equipped with a camera
from which the image is transmitted via a cable track to
the operator's console located on the base ship. It is
possible to record the video image on the base vessel. The
image is analysed in the image identification system.
During the analysis, selected image elements similar to
the patterns stored in the identification system database
are searched for.

INITIAL IMAGE PROCESSING

Once the image is obtained by the camera, there
is a need to improve it or perform other operations on it
to ensure the identification of selected elements. In order

to improve image quality, a whole range of operations
and image transformation methods are used as early as
during the initial image processing [4]. The activity of
initial image processing is carried out in order to prepare
data for final processing, ensure proper image analysis,
and, as a result, allow for the identification of selected
image elements. In order to improve image quality and
enhance details relevant for the identification of an object
of interest, filtration is applied during the initial image
processing [5,6].

Because of the nature of the aquatic
environment and poor lighting in the depths, the image of
an underwater object is usually of a very poor quality. It
can be improved by compensating for underwater visual
disturbances and reducing their impact by reconstructing
the original shape of an object. For this purpose, the
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deconvolution method is used to restore the original or
intended appearance of the image. The observed image

f(x,y) that has deteriorated can be treated as
a combination of the initial image g(x,y)with the

impulse response function /%(x,)) determining what

a given element looks like in ideal conditions. Thus, it is
possible to write that:

f(x,y)=g(x,y)*h(x,y) 1)

When the Fourier transform is applied, the
above equation will take on a form:

F(u,v) = G(u,v)- H(u,v) (2)

Hence, if the impulse response function is
known, the image can be reproduced using the equation:

G(u,v) = F(u,v)/ H(u,v) (3)
In practice it is required to add additive noise
N(u,v) that is present in the image. Thus the above

equation will take the following form:

G(u,v) = (F(u,v)— N(u,v))/ H(u,v) (4)

Fig. 2 The effect of deconvolution: a) image of an object lying on the seabed recorded by the TV camera, b) the result of deconvolution on the image of an

underwater object recorded by TV camera.

It should be noted that if H(2,V) is small, both

expressions in equation (4) may become large and the
noise may be amplified. One of the ways to avoid this
phenomenon is to use the Wiener filtration, which
consists in recording the image in its restored form as:

G(u,v) = [F(u,v)- Hu,W)/[N(u,v)- Hu,v)+n,] )

where:
H (u,v) -is acomplex number coupled for H (14, V) ;

n, - is the signal-to-noise ratio and the heuristic quantity obtained
experimentally.

Fig. 2 presents the result of the deconvolution
operation on the image of an underwater object obtained
from a TV camera.

IDENTIFICATION OF SELECTED OBJECTS
ON IMAGES

The identification of selected elements of video
images can be performed using the Hough transform

[7,8]. The set of colinear points (x,y) can be defined as
follows:

/10={(X,y)€R2:y—&x—l;=0} (6)

where: @ and b are parameters with values defined by
a characterising straight line. The solution to the equation

y—ax—b =0 for defined |a,b | is a set of points on the plane.

A special feature of the resulting representation (&,b)—) /10 is that

for one point from the parametric space we obtain a set of collinear
points on the image.

In order to determine the values of parameters
(a,b) for the straight lines passing through a given point
(J%,)A/) it is required to solve the equation y —ax —b =0
in relation to (a,b). This corresponds to the
determination of the parameters of a series of lines
passing through a given point (J%,)A/) The result of the
identification are those straight lines (a, b) which obtain

the largest number of votes from all active pixels of the
image.

The development of this method for the
detection of parametrically defined curves is quite

obvious [9,10]. The image point (x,y) lying on a curve
defined by n parameters (al,...,an) can be represented as

a relation:

d ={w)e R i gl(@na ) () =0} O

A A

where g((al,...,a n ), (x, y)) =0 is an equation describing a given
curve.

To calculate which curve (al,...,an) collects the

largest number of votes from active pixels from image B,
the Hough transform H(asy,....an) is defined as follows:

(8)
H(ay,..a,)= Y h(x,.),.a,,..a,)

(xi,i)eB

f
N
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where:

1 (X" ;3" )@ =0
h()’em.j}nala-.-,an):{ Wheng((x 24 )iéa an))

. ) )
0 in the opposite case

As a result of this procedure an accumulator
array is obtained, where each element is identified by the

values of parameters (al,...,an). The cell content is
increased by 1 when the analytical curve defined by the
coordinates of cell (al,...,an) passes through point ()%,)3)

on the object in image B. It can therefore be assumed that
the Hough transform consists in the mapping of image
B on the accumulator array A [11].

The above method can be generalised and
extended to irregular patterns. We assume that pattern
W may be subject to the rotation transform by angle
a and shift by vector [x7,y7]. As a result a given point (x;yi)
of the pattern is transformed into (xi,yi’). Thus, in the
presented case the Hough transform H(xryr ) for image
B(x,y) can be defined as:

(10)
H(xT9yT9a)= PILCHS AN N

(Xi,yi)eMyy
when:

1 when (x ',y "e b(B)
h(x.,v..,%, Vr, = =
(X5 Y5 X, Vs @) {0 in the opposite case ()

By generalisation of this method we should
adopt the following:

h(x,, 9%, y7.0) =255=|B(x,", »,") - W (x,,y,)| (12)

It is a common occurrence that due to the loss of
certain information about the image during conversion,
the transform can be extended to include the possibility
to apply TrueColor palette to images by adding colour
distance calculations. The problem consists in calculating
the distance between two points (rs, bs, gs) and (rw, bw,
gw) placed in the RGB cube. The distance can be defined
as follows:

(13)

‘B(xy'ayll)_W(xmyx)‘ = \/(VB _VW)Z +(gB _gn’)z +(b5 _bn’)z

The presented method in its software
implementation can only be used to identify static images.
In order to use the above method to identify underwater
objects in real time, it should be implemented with the
use of additional hardware. This should reduce the
processing time of the identification algorithm [12].

SOFTWARE SOLUTION FOR THE
IDENTIFICATION OF SELECTED OBJECTS

The above method was applied to identify
underwater objects by a mobile robot using a vision
channel. To say that the identification process was
a success, the software must answer the following
questions: which of the known objects is contained in the
image, where it is located and what is its angle of rotation.
The software database stores patterns of elements to be
identified by the robot. The software obtains the image
from the camera placed on the robot through the
transmission system shown in Fig. 1. The algorithm of the
software operation is shown in Fig. 3.

CAPTURING OF A FRAME FROM THE VISION
CHANNEL

i

UPLOADING BASE PATTERN FROM DATABASE

i

CALCULATION OF HISTOGRAMS FOR ALL IMAGE
ELEMENTS WITH DIMENSIONS EQUAL TO PATTERN

DIMENSIONS
; 3

CALCULATION OF A HISTOGRAM FOR BASE
PATTERN

'

COMPARISON OF MODEL HISTOGRAMS WITH IMAGE
FRAGMENTS AND CREATION OF PATTERN
SEQUENCES FROM BASE PATTERN

UPLOADING OF THE FIRST PATTERN FROM THE
SEQUENCE

5 &

Fig. 3 Underwater object identification algorithm with use of the vision channel of an unmanned underwater vehicle.
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COMPARISON OF THE PATTERN AND THE CORRESPONDING
IMAGE FRAGMENT FOR ALL IMAGE ELEMENTS REMAINING
AFTER THE COMPARISON OF HISTOGRAMS IF IMAGE AND
PATTERN ELEMENTS ARE THE SAME, THE ACCUMULATOR
ARRAY VALUE IS INCREASED FOR A GIVEN XAND Y
COORDINATE OF THE IMAGE, A GIVEN ROTATION ANGLE
AND A GIVEN PATTERN SET

CHECKING WHETHER ALL PATTERNS
FROM THE CREATED PATTERN SEQUENCE

HAVE BEEN VERIFIED
UPLOADING OF ANOTHER PATTERN
FROM PATTERN SEQUENCE

|

CHECKING WHETHER ALL PATTERNS
FROM PATTERN DATABASE HAVE BEEN
VERIFIED

UPLOADING OF ANOTHER PATTERN
FROM PATTERN DATABASE

SELECTION OF A MAXIMUM VALUE FROM ACCUMULATOR
ARRAY, READING OF COORDINATES FOR THE SELECTED
VALUE WHICH DEFINE PATTERN LOCATION ON THE IMAGE
AND ITS ROTATION ANGLE, MARKING OF THE ELEMENT

FOUND

Fig. 3 cont. Underwater object identification algorithm with use of the vision channel of an unmanned underwater vehicle.

In order to reduce the time required to calculate
the Hough transform, the set of image elements to be
further examined is reduced by means of histogram
reduction. The threshold that must be reached during the
comparison of histograms was determined
experimentally in a manner allowing the lowest possible
number of image elements to remain after the reduction,
and also in such a way that the element sought would not
be omitted. When comparing the pattern and the area,
only those elements of the pattern and the selected area
of the image that lie inside the circle inscribed in the
pattern are compared. The remaining elements are not
considered as a result of the performed pattern rotation.
In the course of comparison, the pattern elements that
match the selected area of the image are counted. Once
summed up, they are stored in the accumulator array.
This value is identified by the following parameters:
pattern application coordinates, pattern rotation angle
and pattern number. On their basis we are able to

a)

unambiguously determine the type of element and its
location in the image, which completes the identification
process.

RESEARCH ON THE
ALGORITHM

DEVELOPED

The images of an underwater area obtained
from the vision channel of an unmanned underwater
vehicle were surveyed in accordance with the above
method. The examination was carried out on the image
from Fig. 2a with no initial processing as well as after
applying various filters to the image. The images were
used to search for the pattern shown in Fig. 4, which was
created from a fragment of the analysed image and
entered into the database. The results of the study are
shown in Figures 5 and 6.

b)

Fig. 4 Pattern sought in the analysed image: a) fragment of the image on the basis of which the pattern was created; b) the created pattern of the object

being searched for in the image.

3
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Fig. 5 Pattern identification on the image from fig. 2.a: a) result of application of the Hough transform on the analysed image, b) object identification result.

Fig. 6 Pattern identification on the image from fig. 2.b following high-pass filtration a) result of application of the Hough transform, b) object identification

result.

CONCLUSIONS

Observation of an underwater area by means of
technical image recording is not easy. Interferences
occurring in this environment, which include lighting,
organic and inorganic contaminants, and the camera’s
visual acuity, significantly affect the quality of recorded
images. Therefore, there is a strong need to process the
initial image to allow further operations such as searching
for specific items. The presented research results show
that the application of simple methods of initial
processing allows for a significant improvement of image
quality and thus for the enhancement of information
significant from the point of view of image recognition
and identification.
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