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ABSTRACT: The identification of areas of collision risk in restricted waters could play an important role in VTS
services. Based on the concept of ship domain, this paper introduces a model for identifying collision risk
between vessels in restricted waters, then puts forward an improved DBSCAN clustering algorithm for
identifying areas of high collision risk, finally, the visualization algorithm is presented. The experimental
results in this paper show the algorithm is capable of identifying and rendering areas of collision risk in

restricted waters.

1 INTRODUCTION

Identification of areas of collision risk in restricted
waters is not only important to measure marine traffic
safety, but also helpful for marine traffic guiding and
controlling.

Many methods have been put forward for
measuring the collision risk between vessels, such as
fuzzy theory [1], ANN]|2], ship’s DCPA and TCPA [3],
traditional clustering algorithm [4], etc. Generally,
these methods are suitable for the high seas or open
waters because they do not consider ships’
dimension, which is a quite important factor for
evaluating the collision risk between vessels in
restricted waters.

AIS technology makes it practical to collect ships’
dimension information. Ship’s domain, which is
closely related to the ship’s dimension, is applied to
measure and identify the collision risk between
vessels in restricted waters, and then an improved
clustering algorithm based on DBSCAN [5], is put
forward for gathering the ships of collision risk and

areas of collision risk will be developed, finally, the
border of the areas is smoothed.

2 AN IMPROVED DBSCAN ALGORITHM FOR
INDENTIFING AREAS OF COLLISION RISK

For measuring collision risk between vessels in
restricted waters, this paper images ships in the
restricted waters as each independent polygon object.
these objects are clustered to identify area of collision
risk. The so-called clustering is the method grouping
data object into several classes or cluster, the objects
in same class has high similarity, otherwise has high
difference. Clustering algorithm is an important part
in Data Mining, commonly used clustering algorithm
are DBSCAN algorithm, OPTICS algorithm,
DENCLUE algorithms, CLIQUE algorithm, K -
MEANS algorithm, etc [4].

In the above algorithms, DBSCAN is typical
clustering algorithms which based on density
clustering method, its high dimensional data
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handling and noise object eliminating effect is better
than the other clustering algorithm, so after
improving it is suitable to clustering geometry objects.
In this paper the traffic flow in restricted waters has
the same characteristic (geometry type), so we choose
DBSCAN  algorithm for prototype clustering
algorithm.

In DBSCAN algorithm, the data object to be
clustering is seen as a particle, obviously it does not
fit the situation in the restricted waters. Taking this
problem into account, this paper introduces the
concept of the ship domain [6,7,8,9,10].

Ship domain is the area that every ship hopes to
maintain an independent region from otherness
around itself in order to avoid collisions. Factors
affecting the ship domain include: Ship’s size, speed,
state of motion, manipulation and movement of the
ship's performance, encounter posture, manipulator’s
psychological factors, traffic density in water, traffic
environment, and then hydro-meteorological, etc.

This paper combines ship domain concept and
DBSCAN clustering algorithm, proposed a improved
DBSCAN algorithm.It selects the model of ship
domain as follow:

1 Ship domain is oval.(it is simplified as octagon
when calculate in computer).

2 Ship domain can modify according to ship’s
size,speed,etc.

3 Ship itself locates in rearward position of its ship
domain.

4 Only when two ships enter into each other’s ship
domain, there is a collision risk.

Figure 2.1 show the ship domain model used in
this paper.
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Figure 2.1. Ship domain domain

After selected model of ship domain, this paper
described the improved DBSCAN algorithm as below.

Definition 1 Objects:in this paper, the objects
means ships.

Definition 2 € neighborhood: the region(polygon)
of objects’ ship domains can be called object's
€ neighborhood.

Definition 3 density: the density of a object p is
that the number of objects be contained in object p’s
€ neighborhood.
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Definition 4 Core object: if an object’s
€ neighborhood at least contains the minimum
number (MinPts) objects, it named core object.

Definition 5 Directly density-reachable: in a given
set of objects marked D, for a given € neighborhood,
if the object p and the object q both in each other’s
€ neighborhood ,and q is a core object, then we call
the object p is directly density-reachable from the
object q.

Definition 6 density-reachable: for exist objects
chain p,p, ...p,p;=qp,=p ,and p,eD (1<i<n) ,if

every p,;,, is directly density-reachable from p,; in

the condition of given € neighborhood and MinPts
.we call the object p is density-reachable from the
object q.( transmission).

Definition 7 density-connected: in a given set of
objects D , € and MinPts, object p and object q are
both density-reachable from the object O, then the
object p and object q is density-connected.

Definition 8 class with noise: in given € and
MinPts, a class C is non-empty subset of given set of
objects D satisfies the following three conditions:

1 For any p, q € D, if q € C, and P is density-

reachable from q, then p € C;

2 Forany p, q € C, p and q are density-connected;
3 Do not belong to any class of objects is considered
noise.

Improved DBSCAN algorithm through € and
MinPts as input parameters to control the density of
the class, only class the density more than MinPts can
be retain . The clustering process is based on the
following procedures:

(1) Given parameters & and MinPts ,if exists core
object P , every objects density-reachable from P
satisfies € and MinPts clusters a class and P belongs
to this class;

(2) Assuming that class C is satisfies € and
MinPts, P is a core object of class C, then the class C is
equivalent to the set contains objects density-
reachable from P.

Algorithm’s idea is that we trace and find
points(ships) to cluster through checking database
(AIS database).Firstly, we take different time data
synchronous to the same time, this step involving
dead reckoning. If & neighborhood of point P (ship
P) contains more than MinPts number points, then
create a new class (collision risk area) which core is P.
Next, repeatedly looking up to some objects which is
density-reachable from the core P, in this process may
involve some class combined. When there is no new
point can be added to any class, it is the end of the
clustering process. Figure 22 and figure 2.3
respectively shows the DBSCAN'’s schematic diagram
and the improved DBSCAN algorithm’s schematic
diagram.
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Figure 2.2. DBSCAN’s schematic diagram
Figure 2.4. Improved DBSCAN  algorithm’s schematic
diagram

It seems that improved DBSCAN algorithm has
the best recognition effect among three algorithm
above, specifically in the restricted waters.

3 ALGORITHM FOR COMBINING AREAS OF
COLLISION RISK

Clustering results in the shape of the high-risk areas
of the ship presented overlapping geometric and
disorganized, in order to let the drawing area to
contain the entire polygon outer envelope for
identifying collision risk areas, we need to design a
polygon merge algorithm.

This paper used the method of traversing
coordinates of spatial point to combine collision risk
areas, and allowed the points arrange in clockwise or
counterclockwise. Its purpose is formed through set
of points form vertices of multiple polygon (named G)

G={p1(xl,y1),p2(xz,y2) ------ ,pi(xi,yi)}(ieN)

acquired the queue connection

diagram(named T)

of points in

T ={p (X, ¥, P (X, Y3 )eeeess pj(xjayj)}(jEN)

and make the queue T can include all points of G.
The algorithms described are as follows:

The set of points in the Cartesian coordinate
system is

G =1{p, (X, ¥1)s P2 (X5, Y3 )eeess Pi (X5 Y} (i €N)

(1) Calculated maximum and minimum two points in
G sorting x,named P and P

max min *

pmax = (Xmax’ ymax )’ Xmax = max(xl’ XZ """ H Xi )’ pmax € G (31)

Prin = X YVirin D> X = MUN(X 5 Xy ey X ), P, €G(3.2)

Point P, as the first point of T queue.

(2) Make a line linking P and P, ,its equation is:

y = (( ymax - ymin ) / (Xmax - Xmin ))(Xk - Xmin ) + ymin (33)

It can divide G into upper part and lower part:

Gup:{pl(xlvyl): pz(xzayz) """ > pk(Xkayk)}
(K €N, Yy > (Vi = Yonin)/ e =X D%~ X))+ Vi) (3-4)

Gdown :{pl(XP yl)’ pz(X29 yz) ------ > pt(xtﬂ yt)}
TN, Y > (Ve = Yinin) 7 Kioe = Xin D& = Xin) + Vi) (3-5)

(3) Let set Gup sorted in x descending order,
sequentially transferred the points in Gup to the
queue T until Gup is empty, and then added point

P, into T for the end point as an upper part

boundary;

(4) Let set G sorted in x ascending order,

down

sequentially transferred the points in G to the

down

queue T until G is empty, and then added point

down
P, into T for the end point as an lower part
boundary and also end point of the whole queue T.

Algorithm schematic diagram as follows:

,

v

Figure 3.1. Algorithm of combining collision risk areas
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In figure 3.1, the dotted line around the two
quadrilateral vertex,they are G, ={p,,P,,P;,P,}

and G2 :{psa pga p7: ps}

The set of points form vertices of G, polygon and

G, polygon named

G = {pl, ng p39 p49 ps: p69 p79 p8’ pl}

can accordance with the above algorithm to acquire a
queue of points in connection diagram

T = {p()’ pS) p2> pl’ p45 pg, p3’ p7’ p6}

In Figure 3.1, the solid line in the direction of the

direction of the envelope. P, and P, are p . and

min

P.... - queue T’s sequence is counterclockwise.

4 ALGORITHM FOR SMOOTHING THE BORDER
OF AREA OF COLLISION RISK

The combined polygon’s boundary is always rough
and exists pits, this paper introduced a algorithm to
smooth polygons, this method through calculating
polygon’s area to remove surplus pits and make
polygon mellow and looks good.

The algorithm’s purpose is that through the
connection diagram ( named T)

T ={p (X, ¥, P2 (%, Y3 )eeeeess pj(xjayj)}(jEN)

to find another connection diagram R, and cause R
including all points of T and have maximum area.

The recursive algorithm is described as follows:

(1) input connection diagram T, and calculate its

spatial area called T, .

(2) Sequentially removed a point P, (X,,Y,) in

T={p (X Y1), P2 (X5, Y5 )eeenee apj(Xjayj)}(jEN),

make it

Ttemp = {pl(xla y1)7 pz(xza yz)"'a pk—l(xk_la yk—l)a

pk+1(xk+1= yk+1)“a pj(xj ’ y])}(ka J € N) (4-1)

named T if K=]

calculate the area of T, temparea /

temp 7

then the process is completed.

and T, if T

temparea / area

into T

temp

(3) compare T less than

T

temparea

area

,then replaced T as input of step
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(1) and return to perform the step (1) ,step (2) ; if not
go to step(2).

Algorithm schematic diagram as follows:

remove remove

v

Figure 4.1. Border smoothing algorithm

Obviously, removing the removed points in figure
4.1 can surplus T’s area.

5 EXPERIMENTAL RESULTS AND
CONCLUSIONS

Experiment used AIS data collected from
Wusongkou (Shanghai), Waigaoqiao (shanghai)
which raw AIS data show as figure 5.1, successfully
identified areas of collision risk as figure 5.2
shows.(Ships” information in figure 5.2 correspond to
raw AIS data in figure 5.1)

mmsi lan lat course length width speed
413762145 7291, 2642950326207 1883,74106412100F 245,539999995995¢ £4.0000000000000¢ 12,0000000000000¢ 2.70000000000000C
413952205 7231 3033975615096 1853 765434364774 223.033333999993¢ 45.0000000000000C 3 00000000000000( 3.73533993995533:
413800384 | 7291 267112108650 1883,701121 0791 8 256,300000000000C 100,000000000000¢ 16,0000000000000¢ 1.50000000000000¢
412376570 | 7231 3553053324313 1853 613471806513 80 5000000000000C 32 00000000000NC 5.00000000000000! 22 500000000000,
413773727 | 7291 4761939892596 183,77 52876031 3: 190,300000000000C £0.0000000000000C 14,0000000000000( 3.23939995995543:
413767353 | 7231 6661535461440 1553 83571509302¢ 65 0933333999093¢ 73.0000000000000¢ 13.0000000000000( 6.73533393995533:
413612575 | 7291, 7243932365915 1883,87 4429811925 198,000000000000C | 20.0000000000000¢ 10,0000000000000¢ 3.00000000000000¢
413764858 | 7231 7021506332366 1853 754338702367 £0.1 000000000000 45.0000000000000C 8000000000000 6700000000000,
413766217 7291, 7485974425171 1883, 788457441 701 242.500000000000C 95.0000000000000C 15,0000000000000( 1,89939999999595¢
500000324 | 7231 8715358477457, 1853 786219551612 55 5000000000000C 20.0000000000000¢ 10.0000000000000( &.03533393995533

Figure 5.1. AIS data

Figure 5.2. Experiment result



The results show that the algorithm put forward in
this paper is able to identify and render areas of
collision risk in restricted waters.
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