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Almost 90% of international trade is carried out via shipping which is a significant

rate. The size of sea born trade is increasing around 3% per year. The statistical ciata

‘show that the ship size and number of ships are both have a trend of increase which

results m the increase of risk of maritime accidents. The maritime accidents reports

show timt the accident type with highest frequency is collision and 54,3% of collisions

* are caused by “improper lookout”. Safety navigation of mari{"’xe vessels become more

important and International Maritime Organization (IMO) constitutes new laws to
increase the safety. Obtaining the environmental information has a great importance
for safer navigation and prevention of collisions. Radar is the main equipment for

obtaining environmental information. A more recent device for obtaining ship data is

Automatic Identification System (AIS) which is working within VHF range. AIS is

mandatory only for the vessels which are greater that 300GT. In case of small ships,
the radar cannot distinguish the ship and the sea clutter and may cause false detection.
And these Veséels are not equipped with AIS. Thereforé the risk of collision with such -

vessels is increasing. Some regional accident reports also verify that the collision of

- small vessels like fishing boats is forming .almost 50% of all collisions. As a result, the

existing navigation equipment is not sufficient for providing a collision-free *

- navigational environment.

In this study, a stereo- vision system is proposed as a support system for

'navigationa.l lookout. Stereo vision is one of the most used syétems to recover 3D

information froh:t 2D images. This study aims to develop the system that can detect and

measure 3D locations of other ships and obstacles usihg two cameras equipped on a
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ship. Then tracking the detectedvobjects through image sequences enables us to
estimate their velocity and course. This ﬁomaﬁon can be used for warning the
ofﬁeers ina dangeroue situation in cooperation with other inlavigz‘itional devices such as
radar. .

In 'Chapter 1 the background of the study is explained. The statistical data about
mal.citime accidents are displayed and the reasons for the maritime accidents are

discussed. Main results of maritime accident analysis can be summarized as collisions

form a great rate of eccidents, navigational lookout is the main reason for collisions

and the accidents of small ships such as fishing boats form a great ratio. From these

results it is figured out that a eystem which can improve the navigational lookout may

" be useful to increase the safety and decrease the number of accidents. Then the main
objective of the study is explained which is using a machine vision system to realize the *

_improvement in lookout. The system is based on a stereo camera system which

carries out detection of ships and other object, caleulation of 3D coordinates of detected

objects and tracking them through time sequences.

Chapter 2 is explaining the basic information about using cameras for computer

vision systems. The cameras ave firstly calibrated which is obtaining the parameters of
cameras. The sterec camera system and theory of calculation of 3D location from a
stereo camera system is explained.

A feasibility study of this system was carried out before this study. It is considered

as a basic study and the results and problems of that study are explained in Chapter 8 -

because it is as a foundation of this study. Although it showed the poésibility of the
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system, it also revealed that there were niany problems to be solved for realizing the

system. Therefore, these problems and solutions are considered in this study.

First of ;11, it is extremely difficult to measure 3D locations accurately because the distance to the
targets: is very large compared to the beseﬁne iength (ﬁle distance between the tvyo cameras). That is,
we must observe the targets at a distance of a few kilometers from a viewpoint of prevenﬁné a
collision while we cannot take more than 10 to 20 meters for the baseline length since it is limi{ed by
the beam of the ship. Therefore, a slight error of line of sight from the camera to the targets causes

a huge error of the measured location, especially in depth direction. In order to cope with this

'issue and increase the accuracy of the system, a sui)-pixel matching algorithm is

applied which is the topic of Chapter 4. Even more, the disparity data is refined using
the tracking data of previous images as a time series data. As a result, 77% of the 3D
error is elireinated for around 2km range by the application of mentioned methods.

Seceil’dly, a detection algorithm is applied to detect the~ehips automatically. The
main proble.n} with detection is the specular propexty of the sea surface. The reflections
of sun glares are perceived as objects and result in false detections. Therefore, a good
smobthi.ng ﬁlter.; is needed. Chapter 5 is dedicated to analyze the effect of different
smoothmg ﬁlters The effects of some smoothmg filters are compared on noise remova.l
of sea 1mages and detectmn The bilateral filter wh1ch is an edge preserving filter is
decided to be apphed

In Chapter 6, a clustering algorithm whlch clusters the detected poirits using p1xe1

locations and d1spanty data is proposed. The detected points are clustered to decrease

* the number of points which represent the ship. And these clusters are tracked through
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image sequences. The tracking is carried o;t by extensioxi of clustering algqrithm
_ through image sequences which is called spatio-témporal clustering. The t;rackllng data
is included in the detection and clustering algorithm to improve the detection and
eliminate the fa..lse detections caused by the sea surface reflections of sun glare. The ()
and (-) edges é.re also extracted to improve the‘ tracking result.

One of the.pro]alems to realize_ the system is that the ship is in a highly dynamic
environment. Chapter 7 is explaining the problems of dynam‘ic environment and
proposed methods to overcome these problems. The orientations of the cameras are not
constant due to the environmental effects such as ship movement and vibration.
. However, the ca.mella’oriel.ltation is crucial for accurate 3D measurement. Even véry
small changeé of camera orientations cause very large 8D error as mentioned above. A
theoretical explanation for the elimination of such environmental effects is proposed.
The sea-sky line and some points on rigid ship hull are used for this purpose.

In Chapter 8 some fu,rther considerations to improve deteci:ion and tralcking are
discussed. The effect of changing the color space to gray‘ scale and histogram
-equalization are displayed. Furthermore, - some st;ereo matching strategies are
discussed and ti1eir effect on tracking is observed.

In conclusion, the proposed system may be a useful as a supportive lookout tool for
detecting ships, measuring théi;' 3D location and tracking them through image

sequenées to obtain the course and velocity of the ships to reduce the collisions.
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