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WAITING TIME FOR ENTRY INTO THE INTERSECTION AS A
DISTURBING FACTOR OF TRAFFIC STREAM OF SUBORDINATED
VESSELS

Summary. The presented paper concerns the disturbedctrafffvessels, the passage
through the waterway intersection. To determinénge tbetween subordinated vessels
leaving the intersection a convolution operatiors Haeen used. The main factor
disturbing the traffic stream of subordinated uistspeed reduction on the intersection
area. To model times needed to speed changes alngigtnibution has been used.

CZAS OCZEKIWANIA NA WEXRCIE NA SKRZYZOWANIE, JAKO CZYNNIK
ZABURZAJACY STRUMIEN RUCHU STATKOW PODPORZDKOWANYCH

Streszczenie. Niniejszy artykut dotyczy zaburzonego ruchu statk@rzechodzcych
przez skrzyowanie drog wodnych. Do wyznaczenia czasu gpdmyi jednostkami
podporadkowanymi, opuszczagymi skrzyowanie wykorzystano operacjsplotu.
Glownym czynnikiem zaburzajym strumié ruchu jednostek podpaigkowanych jest
ograniczenie mdkosci na obszarze skrzgwania. Do modelowania nieginych
czasow, w ktorych naguja zmiany pedkosci wykorzystano rozktad normalny.

1. INTRODUCTION

Out of two vessels approaching each other on ergssiutes, always one of them is privileged in
relation to the other. A traffic stream of subosted vessels crossing an intersection is distublyed
traffic of vessels with priority. When vessel wiphiority is on the intersection the subordinatedt un
can't enter into the intersection, she must prodeesuch a way as to let the privileged one pass.
When the units are close to the intersection, thmlinated vessel has to perform a manoeuvre, in
order to avoid a collision situation with the upibceeding crosswise. She must reduce her speed in
such a way which would enable the ship to safelysphe unit sailing crosswise [6]. This speed
reduction drives to a delay, which can be calleghding time for entry into the intersection.

2. SPEED CHANGES OF SUBORDINATED UNIT
The subordinated unit’'s movement in intersectiaia® can be divided into 5 phases. The first one

is the subordinated vessel’'s movement at full spébd second phase is speed reduction. The third
phase is the subordinated vessel’s movement atspatd. The fourth is gathering speed to reaching
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full crossing speed. And last phase is the subatdih vessel's movement at full speed. Figure 1
shows speed changes of the subordinated unit.
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Fig. 1. Graph of velocity of subordinated vesseahtersection region
Rys. 1. Wykres pidkosci jednostki podpordkowanej w rejonie skrzpwania

Let vessel A will be a subordinated unit. Four peiwvere signed in this graph;, is a place before
intersection area, where unit A starts brakiRg.is a place before intersection area, where unit A
reaches the safe speed [B].is a limit of intersection area, where unit's Aesg starts to gathd?, is
a place out of the intersection area, where uni¢#ches full speed. The times of covering particula
stages of the crossing are random variables.

3. PROCESS OF REPORTING WHILE ENTERING AND LEAVING THE INTERSECTION

When the subordinated vessel arrives to the intBosg vessel with priority can be at any point of
the intersection area (with probabilipy or can be out of the intersection area (with plolity g).
Similarly, when the next successive subordinates$eearrives to the intersection, vessel with figior
can be at any point of the intersection area (pithbability p) or can be out of the intersection area
(with probability ). Hence we have four different cases crossingritexsection by two successive

subordinated units (fig.2).
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Fig. 2. An event tree of speed changes during orgske intersection
Rys. 2. Drzewo zdaraezmian pedkaosci podczas przechodzenia przez skmyanie
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3.1.Casel

Let X denotes the waiting time for the reporting of suecessive subordinated vessel before the
intersection,Y denotes the time needed to reduce sp@édenotes the time needed to cover the
distanceP,P; with safe speedl denotes the time needed to cover the dist&#egwith full speedZ
denotes the time needed to cover the distéhPe with full speed. If a fairway unit A arrives ateth
point P; at the timed, reduces of the speed during the tiigand covers the intersection in the time
W, than she leaves the intersection at the tigne Yo + Wa. A next fairway unit (B) leaves the
intersection at the timig + X + Yg + Wi. Therefore the time between leavings the inteisedty ships
is equal toR = X +(Yg — Ya) + ( Wg — W,) whereX is an exponential random variab¥g,and Y, are
normal random variablesl(m, ; o, ), Ws andW, are normal random variabléé(m, ;g ) [8]. Using

the convolution operation [8, 9, 12], the formuladensity functiont;(u) of random variabldk was
obtained:

(1)

5922 22
tl(u)zgex )Iza$+)lza\,2v—/lu) 1+erf{u 2h oy — 24 UWJ

\/ 207 + 203
where: erfk) — the error function used iklathematicaprogram in probabilistic problems [2]} -
parameter of exponential distributiom,, — standard deviation of the time necessary to redbe
speed,g,, — standard deviation of the time necessary to ctheedistanc®,P; with safe speed.

3.2.Case?2

When first unit brakes and the second doesn’t bvakéave the following situation: unit A arrives
at the pointP; at the time ¢ and leaves the intersection at the tighe Y, + W,; next fairway unit
arrives at the poiri?; at the time¢+ X and leaves the intersection at the tigve X + Zg. Zg is time at
which unit B covers the distan&Ps. Therefore the time between leavings the intei@edly ships is
equal toR= (X — Ya) + (Zs — Wa). The formula of density function(u) of random variabl& is the
following:

2.2 2 .2 2 .2
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where: g, — standard deviation of the time necessary to cthedistancd;P; with full speed,A—

parameter of exponential distributiom, — mean time necessary to reduce the spegd; mean time

necessary to cover the distarie®; with the safe speedn, — mean time to cover the distared®;
with full speed.

3.3.Case 3

Let a fairway unit A doesn'’t brake and leaves titersection at the tintg. A next fairway unit (B)
leaves the intersection at the titge- X + Y + Tz —Wg. Hence the time between leavings of ships is a
sum of three random variabl&s= X+Yg+(Tg — W), whereX is an exponential random variable and
all others are normal random variables with difféngarameters. Using the convolution operation, the
formula of density functioty(u) of random variabl® was obtained:
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where: g; — standard deviation of the time necessary to ctheedistancé®,P; with full speed,m; —

mean time necessary to cover the distd?&g with full speed.

3.4. Case4

When both units don't brake we deal with Poissoocpss [1, 3, 7, 10]. Therefore the time
between leavings the intersection by ships is goeeantial random variabdé [4, 11].

4. RESUME

Using convolutions different random variables, &hotaking into consideration different factors
which disturb the traffic stream of subordinatedsirt allows connecting the concept of control area
of entry into the intersection [6] with the traffictensity of subordinated vessels leaving the afea
the intersection. Very important problem is a deieation of probability of an event when the
intersection is occupied by privilege unitsif fig.2). But this is a separate problem, whicii e
considered in my next work.
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