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CALCULATION ACCURACY OF SAFE COURSEMADE GOOD IN AN
ANTICOLLISION SYSTEM

Summary. The article presents an accuracy analysis ofutslon made by a
Multiagent Decision-Support System (MADSS) of natign. On the basis of messages
received from Universal Ship-borne AIS system (Awdtic Identification System) the
system calculates the parameters of vessels’ eteoand works out the parameters of
own vessel’'s movement (course or speed), whichtiegdissing other objects according
to a set CPA (Closest Point of Approach).

OCENADOKtADNOSCI OBLICZONEGOBEZPIECZNEGO
KATA DROGIW SYSTEMIEANTYKOLIZYINYM

Streszczenie W artykule przedstawiono anajizloktadndci obliczer wykonywanych
przez multiagentowy system wspomagania nawigacgngmocesu decyzyjnego
(MADSS - Multi-agents Decision Support System). t8ys ten na podstawie
komunikatow odebranych z systemu Al3n{versal Ship borné\utomatic Identification
System) oblicza parametry spotkania statkdw oragragowuje nowe parametry ruchu
statku wtasnego (kurs lub qatkosé), ktére prowadg do rozmingcia z innymi obiektami
na zadane CPA (Closest Point of Approach).

1. INTRODUCTION

Navigation is the process of directing a vessehatesignated way (trajectory) according to a
voyage plan and tasks executed, with imposed ecienéemporal, geometric, hydrolometeorological
and other limitations. This process can be subdiVidto certain sub-processes (layers):

« gathering and processing information,

* navigational planning,

« determining the vessel's position and speed vector,

e monitoring location in relation to navigational bads,

¢ making decisions,

« controlling a vessel.

An element of the navigational decision-making psscis the solving of anticollision tasks. Work [6]
proposes an anticollision system based on a systenultiagents using data from own ship’s AIS or
vessels within the reach of the VHF radio horiamhich permits the complete process automation of
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obtaining, processing, analysing and working ougaticollision decision. What follows below is an
accuracy analysis of own vessel’s safe course madée. Respective formulae have been derived with
the assumption of linear approximation of particuianctions serving the purpose of calculating
appropriate navigational parameters (expansionaiylof series) [2], whereas the accuracy of input
data was assumed from the research performed 31L],[]. Simulation research of anticollision
situations conducted at the ECDIS laboratory ofiNdae University of Szczecin has been made use
of in the analysis.

2. ERROR OF OWN VESSEL’'S COURSE MADE GOOD

During solving the task of an anticollision manoeuhe particular main and auxiliary
parameters are calculated according to the follgwliependences:
e bearing to the strange vessel

NR= arctg% 1)

where:X — distance between vessels along axi-xdistance between vessels along axis v,

e auxiliary angle

A_IMIT

y= arcsm— (2)

where:CPA wit — assumed distance of vessels pasfngdistance between vessels,
« course made good of strange vessel
K =270 - arcth—TG‘X) ©)
TG(y)

where: Vg, Vrgy - cOmponent velocities of strange vessel,

« relative course made good

K, = NR+180° +y @
* auxiliary angle
X . CP
a=K,s—K,=90"- arctgL” arctgY- - arcsin= 2w )
T6(y) X R
» auxiliary angle
Vig .
B =arcsin —=sina 6)
VOS

« safe course made good of own vessel

KDd =K, -180° - 8 =NR+180 + y-180° - B=NR+y- 3=
A_IMIT

Voo .
= arctg% + arcsm— arcsw{i smaj (7)
oS
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In a general case error transfer law (for independeors) is expressed by the following formula

[2]:
oz oz Y
g, =\/(—Zj o’ +...+(—ZJ o’ (8)
X, ! 0X, "

Hence, after calculating appropriate derivativeswile obtain the following expression for the
error of determining the safe course made goodwofessel:

o = o Vi koSa N A+V23)Bin*a 2
VR -CPA,,; V&-VZEinPa ¢ VA-VABinta

9)

where: g, - error of auxiliary errorr, expressed by the formula:
2

2
R (0)
VTG R _CPA_IMIT

oy — coordinate error of strange vessel (simplifyitng accepted thats = &),
oy — vessel speed error (simplifying it is accepteat errors of own and strange vessel are of the
same order)

3. ACCURACY ANALYSIS EXAMPLES OF SAFE COURSE MADE G OOD OF OWN
VESSEL

The fig. 1 below presents encounter situations essels. Objects OS 1, TG 1 and TG 2 are
mechanically propelled vessels underway, whereas T6a hampered vessel. In the table there are
the vessels’ movement parameters (course and speedgncounter parameters, that is CPA and
TCPA calculated in relation to own ship.

Tab. 1 below presents the true bearings and distdpetween own vessel and strange ones (initial
navigational situation).

Tab.1
Distances and true bearings between vessels

Strange vessel Distance [m] True bearffig [
TG 1 5024.9 095.7
TG 2 8 000.0 0.0
TG 3 8 271.0 345.3

Source: own study.

The examples below illustrate the course of acguaanalysis of safe course made good of own
vessel calculated in a multiagent anticollisionteys
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I
| CPA/TCPA ]|
a3 | Mame Courze Spdiknt] CPA[nm] TCPA -
| o0s1 | o0.0° 221 - -
TG1 [329.0° |18.0 1.788 09:38
TG 2 [180.3* |14.0 0.005 0712
TG3 |901° 7.0 0.206 11:17

1

T s o1

Fig.1. Vessel encounter situation
Rys. 1. Sytuacja spotkania statkdw

EXAMPLE 1

Let us consider an encounter situation of own $0i§ 1) with target TG 1 (Fig. 1). We assume
minimum distance of vessels passing equal®# vt = 1 nm. On the basis of research we assume
the error of coordinate determinationdr Y) equal to:gx = 10 m, which gives an error of determining

coordinate difference (between OS 1 and TG @), =0, =10V2m [1, 3], and vessel's speed
error: g, = 0.026 m/s [4].

There are calculated successively:

bearing to strange vessel: NR= arctg% = 095.7,

. CP
auxiliary angle: y = arcsi c ARL'M'T =21.6,
relative course made good: K, = NR+180° +y =297.3,
auxiliary angle: a=K,-K, =277,

[ Ve .
auxiliary angle: B = arCSI{ismaJ =222,

oS
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own ship’s course made good: KDd =K, -180° - 8 =095.2,
mean error of determining own vessel's safe commade goodokpg = 1.19.

EXAMPLE 2

Let us now consider an encounter situation between ship (OS 1) with target TG 2. After
calculations we have (with the same assumptiois Bgample 1):

bearing to strange vessel: NR= 000.0,
auxiliary angle: y=13.4,
relative course made good: K,= 193.4,
auxiliary angle: a=131.6,
auxiliary angle: £=128.3,
own vessel's safe course made good: KDd = 021.8,

mean error of determining own vessel's safe commade goodokpg = 0.48.
EXAMPLE 3

Let us now consider an encounter situation between ship (OS 1) with target TG 3. With
assumptions from Example 1, we will get:

bearing to strange vessel: NR= 3453,
auxiliary angle: y=12,9,
relative course made good: K,=178,2,
auxiliary angle: a=268,2,
auxiliary angle: £=1875,

own vessel's safe course made good: KDd = 339,7,
mean error of determining own vessel's safe commade goodokpg = 0,97.

Tab. 2 presents collective calculation resultsegédmining the accuracy of safe course made good.

Tab. 2
Accuracies of determining safe course made good
Strange vessel Okpa []
TG 1 1.19
TG 2 0.45
TG 3 0.97

4. CONCLUSIONS

Errors in determining own vessel's safe course ngatel obtained by calculation are minutely
small with reference to the vessels’ sizes, assuiy and what is also important — with reference to
the parameters worked out in radar anticollisiostesys, which is why these errors have negligible
effect on the vessels’ anticollision manoeuvre.yTsieould be taken into account, on the other hand,
when calculating the parameters of “last minute’noeuvre (small distances between vessels
comparable with their sizes).

On the basis of results obtained the following itkedieconclusions can also be drawn:
« the error of determining own ship’s safe course emgabd is of the order of 1
« when relative speed decreases, error values irgreas
* when distance between vessels decreases, erresvalkrease as well.
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