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Sensitivity of Safe Game Ship Control
on Base Information from ARPA Radar

Jozef Lisowski
Gdynia Maritime University
Poland

1. Introduction

The problem of non-collision strategies in the steering at sea appeared in the Isaacs works
(Isaacs, 1965) called "the father of the differential games" and was developed by many
authors both within the context of the game theory (Engwerda, 2005; Nowak & Szajowski,
2005), and also in the control under uncertainty conditions (Nisan et al.,, 2007). The
definition of the problem of avoiding a collision seems to be quite obvious, however, apart
from the issue of the uncertainty of information which may be a result of external factors
(weather conditions, sea state), incomplete knowledge about other ships and imprecise
nature of the recommendations concerning the right of way contained in International
Regulations for Preventing Collision at Sea (COLREG) (Cockcroft & Lameijer, 2006). The
problem of determining safe strategies is still an urgent issue as a result of an ever
increasing traffic of ships on particular water areas. It is also important due to the increasing
requirements as to the safety of shipping and environmental protection, from one side, and
to the improving opportunities to use computer supporting the navigator duties (Bist, 2000;
Gluver & Olsen, 1998). In order to ensure safe navigation the ships are obliged to observe
legal requirements contained in the COLREG Rules. However, these Rules refer exclusively
to two ships under good visibility conditions, in case of restricted visibility the Rules
provide only recommendations of general nature and they are unable to consider all
necessary conditions of the real process. Therefore the real process of the ships passing
exercises occurs under the conditions of indefiniteness and conflict accompanied by an
imprecise co-operation among the ships in the light of the legal regulations. A necessity to
consider simultaneously the strategies of the encountered ships and the dynamic properties
of the ships as control objects is a good reason for the application of the differential game
model - often called the dynamic game (Osborne, 2004; Straffin, 2001).

2. Safe ship control

2.1 Integrated of navigation

The control of the ship’s movement may be treated as a multilevel problem shown on Figure
1, which results from the division of entire ship control system, into clearly determined
subsystems which are ascribed appropriate layers of control (Lisowski, 2007a), (Fig. 1).

This is connected both with a large number of dimensions of the steering vector and of the
status of the process, its random, fuzzy and decision making characteristics - which are

Source: Radar Technology, Book edited by: Dr. Guy Kouemou,
ISBN 978-953-307-029-2, pp. 410, December 2009, INTECH, Croatia, downloaded from SCIYO.COM
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Fig. 1. Multilevel ship movement steering system

affected by strong interference generated by the current, wind and the sea wave motion on
the one hand, and a complex nature of the equations describing the ship’s dynamics with
non-linear and non-stationary characteristics. The determination of the global control of the
steering systems has in practice become too costly and ineffective (Lisowski 2002).

The integral part of the entire system is the process of the ship’s movement control, which
may be described with appropriate differential equations of the kinematics and dynamics of
a ship being an object of the control under a variety of the ship’s operational conditions such
as:

- stabilisation of the course or trajectory,

- adjustment of the ship’s speed,

- precise steering at small speeds in port with thrusters or adjustable-pitch propeller,

- stabilisation of the ship’s rolling,

- commanding the towing group,

- dynamic stabilisation of the drilling ship’s or the tanker’s position.

The functional draft of the system corresponds to a certain actual arrangement of the
equipment. The increasing demands with regard to the safety of navigation are forcing the
ship’s operators to install the systems of integrated navigation on board their ships. By
improving the ship’s control these systems increase the safety of navigation of a ship - which
is a very expensive object of the value, including the cargo, and the effectiveness of the
carriage goods by sea (Cymbeal et al., 2007; Lisowski, 2005a, 2007b).
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2.2 ARPA anti-collision radar system of acquisition and tracking

The challenge in research for effective methods to prevent ship collisions has become
important with the increasing size, speed and number of ships participating in sea carriage.
An obvious contribution in increasing safety of shipping has been firstly the application of
radars and then the development of ARPA (Automatic Radar Plotting Aids) anti-collision
system (Bole et al., 2006; Cahill, 2002), (Fig. 2).

( Reference trajectory p, (v, V,) )

lZ
saf Y 7 Situation
ARPA sate + ship hull *
trajectory +y _& | steering gear, main engine ‘ at SEH
p. (Ay, AV) > speed governor, autopilot j objects
" - V, ¥

& A A A

DIN|w|V

| [y —0

1 L
1 radar }

Fig. 2. The structure of safe ship control system

The ARPA system enables to track automatically at least 20 encountered j objects as is
shown on Figure 3, determination of their movement parameters (speed V;j, course yj;) and

elements of approach to the own ship (D! . =DCPA; - Distance of the Closest Point of

Approach, T, = TCPA; - Time to the Closest Point of Approach) and also the assessment
of the collision risk r; (Lisowski, 2001, 2008a).

7

~

N s
Fig. 3. Navigational situation representing the passing of the own ship with the j-th object

The risk value is possible to define by referring the current situation of approach, described
by parameters D and T, to the assumed evaluation of the situation as safe,

www.intechopen.com
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determined by a safe distance of approach Ds and a safe time Ts - which are necessary to
execute a collision avoiding manoeuvre with consideration of distance Dj to j-th met object -
shown on Figure 4 (Lisowski, 2005b, 2008c¢):

1
. 2 . 2 2772
i j D,
=l Dmin | ey Az | [ 1)
: DS TS DS
The weight coefficients k; and k; are depended on the state visibility at sea, dynamic length
L4 and dynamic beam By of the ship, kind of water region and in practice are equal:

0<[ky(Lg,By), ky(Lg,Bg)I<1 (2)
L, =1.1(1+0.345 V%) €)
B, =1.1(B+0.767 LV**) 4)
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Fig. 4. The ship's collision risk space in a function of relative distance and time of
approaching the j-th object

2.3 ARPA anti-collision radar system of manoeuvre simulation
The functional scope of a standard ARPA system ends with the simulation of the

manoeuvre altering the course Ay or the ship's speed +AV selected by the navigator as is
shown on Figure 5 (Pasmurow & Zimoviev, 2005).

2.4 Computer support of navigator manoeuvring decision

The problem of selecting such a manoeuvre is very difficult as the process of control is very
complex since it is dynamic, non-linear, multi-dimensional, non-stationary and game
making in its nature.
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Fig. 5. The screen of SAM Electronics ARPA on the sailing vessel s/v DAR MLODZIEZY
(ENAMOR Gdynia, Poland)

In practice, methods of selecting a manoeuvre assume a form of appropriate steering
algorithms supporting navigator decision in a collision situation. Algorithms are
programmed into the memory of a Programmable Logic Controller PLC (Fig. 6). This
generates an option within the ARPA anti-collision system or a training simulator (Lisowski,
2008a).

Data:
D, N,
Vi ¥, Computer |Manoeuvring) o, trajectory
Do Tos decision decision of
VOYAGE ——| supporting |  ARPA
DATA algorithm screen
RECORDER o

Fig. 6. The system structure of computer support of navigator decision in collision situation

3. Game control in marine navigation

3.1 Processes of game ship control

The classical issues of the theory of the decision process in marine navigation include the
safe steering of a ship (Baba & Jain 2001; Levine, 1996).

Assuming that the dynamic movement of the ships in time occurs under the influence of the
appropriate sets of control:
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Xy Dy~ distance to j—-th ship,

Xy, Ny - bearing of the j-th ship,

Xy \ - course of the j-th ship,

X, = 4~ angular turning sgeddhe j-th ship,
Xy =V~ speed of the j-th ship,

where: 5 6, - 4.

While the control vataesepresented by:

Ug; D - rudder angle of the own ship,

u,, n,- rotational speed ofi shépowcrew propeller,
u,; H,- pitch of the adjustable propeller of the own ship,

Uy = r’j— rudder angle of the j-th ship,

ujy, =n, - rotational speedjotfhthkip screw propeller,

where: @ 3, Q 2.
Values of coefficients of the proatdisnstdBe €gr the 12 000 DWT
given in Table 1.

Coefficient Measufe Value
ai m 1 -4.143%1(
a m 2 1.858+40
as m -1 - 6.934<1(
as m 1 -3.177+1(
as - - 4.435
a6 - -0.895
EY m -1 -9.284+41(
as - 1.357+¢10
£ - 0.624
aio s1 -0.200
ari+j s - 5180
a12+3 st - 4.10
b1 m ~2 1.134740
b2 m -1 —1.554%1(
bs s1 0.200
by s1 0.100
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25 ;

Fig. 8. The shapes of the neural domains in the situation of 60 encountered ships in English
Channel
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ot & : ! P —
Fig. 9. Navigational situation representing the passing of the own ship with the j-th
encountered ship

The application of reductions in the description of the own ship dynamics and the dynamic
of the j-th encountered ship and their movement kinematics lead to approximated models:
multi-stage positional game, multi-step matrix game, fuzzy matrix game, fuzzy dynamic
programming, dynamic programming with neural state constraints, linear programming
(LaValle, 2006; Lisowski, 2004).

4. Algorithms of safe game ship control

4.1 Multi-stage positional game trajectory POSTRAJ

The general model of dynamic game is simplified to the multi-stage positional game of j
participants not co-operating among them, (Fig. 10).

State variables and control values are represented by:

XO,l = X0, XO,2 = Yo, Xlxl = X], X],z = Y]
Uy, =Yy, Ug, =V, U1 =V, Ujp = Vj (11)

ji=12,..,m
The essence of the positional game is to subordinate the strategies of the own ship to the
current positions p(tx) of the encountered objects at the current step k. In this way the

process model takes into consideration any possible alterations of the course and speed of
the encountered objects while steering is in progress. The current state of the process is

www.intechopen.com
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determined by the co-ordinates of the own ship's position and the positions of the
encountered objects:

(12)

xo = (Xo, Yo), x; = (X, Yj)}

j=1,2,..,m

NNy O

Y —p _ — X
own ship

V—» — Y,

Fig. 10. Block diagram of the positional game model

The system generates its steering at the moment tx on the basis of data received from the
ARPA anti-collision system pertaining to the positions of the encountered objects:

Xo(tx)
X;(ty)

p(tk) :|: :| jzll 2,..., m k= 1, 2,..., K (13)

It is assumed, according to the general concept of a multi-stage positional game, that at each
discrete moment of time ti the own ship knows the positions of the objects.
The constraints for the state co-ordinates:

{xo(t), x(t) } eP (14)

are navigational constraints, while steering constraints:
110 EUo, 11] EU] j=1, 2,..., m (15)

take into consideration: the ships' movement kinematics, recommendations of the COLREG
Rules and the condition to maintain a safe passing distance as per relationship (6).

The closed sets U) and U? , defined as the sets of acceptable strategies of the participants to
the game towards one another:

{Ublp(1)], U p(t)]} (16)

are dependent, which means that the choice of steering u; by the j-th object changes the sets
of acceptable strategies of other objects.

A set U] of acceptable strategies of the own ship when passing the j-th encountered object
at a distance Ds - while observing the condition of the course and speed stability of the own
ship and that of the encountered object at step k is static and comprised within a half-circle
of a radius V; (Fig. 11).
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Fig. 11. Determination of the acceptable areas of the own ship strategies UJ = ng qu;

Area U}, is determined by an inequality (Fig. 12):

a) uy +b) u) <c} (17)
(w3 f +(uy f < v2 (18)
where:
\71. = 1_iO(uS/ u(}J’)
ap =~ cos(qb, + x4 8h)
bb = xb sin(qb, +1b 83)
. 1Y sin(q? + X(j) 62]) + (19)
ch =% “~ L
V., cos(qp, + %0 3p)
] 1 dla W/, (Starboard side)
Xo = .
-1 dia W, (Port side)

The value Y}, is determined by using an appropriate logical function Z; characterising any

particular recommendation referring to the right of way contained in COLREG Rules.
The form of function Z; depends of the interpretation of the above recommendations for the
purpose to use them in the steering algorithm, when:

1 then y)= 1
z ={ ; (20)

710 then xh=-1
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Fig. 12. Example of summary set U} of acceptable manoeuvres for three encountered ships

Interpretation of the COLREG Rules in the form of appropriate manoeuvring diagrams
developed by A.G. Corbet, S.H. Hollingdale, E.S. Calvert and K.D. Jones enables to formulate a
certain logical function Z;as a semantic interpretation of legal regulations for manoeuvring.
Each particular type of the situation involving the approach of the ships is assigned the
logical variable value equal to one or zero:

A - encounter of the ship from bow or from any other direction,

B - approaching or moving away of the ship,

C - passing the ship astern or ahead,

D - approaching of the ship from the bow or from the stern,

E - approaching of the ship from the starboard or port side.

By minimizing logical function Z; by using a method of the Karnaugh's Tables the following
is obtained:

Z;=AUA(BCUDE) (21)

The resultant area of acceptable manoeuvres for m objects:
m . .
U, = ﬂlUf) ji=1,2,..,m (22)
]:

is determined by an arrangement of inequalities (17) and (18).
A set for acceptable strategies U? of the encountered j-th object relative to the own ship is
determined by analogy:

0

a;

u}‘ + b? u]Y < c? (23)

(wy f oy < v2 4)

www.intechopen.com
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where:

=1j(uj, uf)
a; :—X? cos(q?+x(j) 6?) )
bO_OSin( 0+060) (5)

j Xy STy T 0

) =) Vo sin(qh +20 )

The sing X? is determined analogically to },.

Taking into consideration of navigational constraints - shoal and shore line, presents
additional constraints of the set of acceptable strategies:

LIl x| pL-1 oy o LIl
ag  up+by T u) <cy (26)

where: | - the closest point of intersection for the straight lines approximating the shore line
(Cichuta & Dalecki, 2000).

The optimal steering of the own ship ug(t), equivalent for the current position p(t) to the
optimal positional steering uy(p), is determined in the following way:

- sets of acceptable strategies U? |p(t,)| are determined for the encountered objects

relative to the own ship and initial sets Ul [p(tk)] of acceptable strategies of the own
ship relative to each one of the encountered objects,

- a pair of vectors uj" and u) relative to each j-th object is determined and then the

optimal positional strategy for the own ship uy(p) from the condition:

I'= min {max min So[xo(t) Li)f =S (0, L) Uhc U} j=12,..,m (27)
UOEUO:ﬁUf, uj"eU; ugpeUy (u;)
j=1

where:
Solxo(t), L )= :fuo<t> dt 28)

refers to the continuous function of the own ship's steering goal which characterises the
ship's distance at the moment to to the closest point of turn Ly on the assumed voyage route
(Fig. 3).

In practice, the realization of the optimal trajectory of the own ship is achieved by
determining the ship's course and speed, which would ensure the smallest loss of way for a
safe passing of the encountered objects, at a distance which is not smaller than the assumed
value Ds, always with respect to the ship's dynamics in the form of the advance time to the
manoeuvre t, with element tg"’ during course manoeuvre Ay or element tﬁy during

speed manoeuvre AV (Fig. 13).
The dynamic features of the ship during the course alteration by an angle Ay is described
in a simplified manner with the use of transfer function:
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Fig. 13. Ship’s motion during Ay course changing

_Ay(s) _ ky(a) Ekw(a)'e_T"“S (29)

o(s) - s(1+T,s) s

G(s)

where:
T, - manoeuvre delay time which is approximately equal to the time constant of the ship as

a course control object,
k, (o) - gain coefficient the value of which results from the non-linear static characteristics

of the rudder steering.
The course manoeuvre delay time:

Ay
tﬁy = TO +— 30
vy (30)

Differential equation of the second order describing the ship's behaviour during the change
of the speed by AV is approximated with the use of the first order inertia with a delay:

_AV(s)  kye To®
Gals) = An(s) a 1V+ Tys (D)

where:

Tov - time of delay equal approximately to the time constant for the propulsion system: main
engine - propeller shaft - screw propeller,

Tv - the time constant of the ship's hull and the mass of the accompanying water.

The speed manoeuvre delay time is as follows:

V=T +3 Ty (32)
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The smallest loss of way is achieved for the maximum projection of the speed vector
maximum of the own ship on the direction of the assumed course v, . The optimal steering

of the own ship is calculated at each discrete stage of the ship's movement by applying
Simplex method for solving the linear programming task.

At each one stage tc of the measured position p(ts) optimal steering problem is solved
according to the game control principle (27) (Fig. 14).

By using function Ip - linear programming from Optimization Toolbox of the MATLAB
software POSTRA] algorithm was developed to determine a safe game trajectory of a ship in
a collision situation (Lebkowski, 2001).

s : - : ;
» G, P U, P UY, o u", B U™ >
%o 3
G U, P U B u", U™, | U £ =
= 2 =
t %€
Xy — - = 3| &
G)m B UI.I ke UI.I| Bd u"'l — UI-"'” ] *j:
L X +l'ﬁ: Iru{xu,._- Uy . l :]
— -l e v ]t = tAL |e
X, € P

Fig. 14. Block diagram of the positional pattern for positional game steering: Gg,j - a set of
parameters of the own ship approach relative to j-th object taken from ARPA radar system

4.2 Multi-step matrix game trajectory RISKTRAJ

When leaving aside the ship's dynamics equations the general model of a dynamic game for
the process of preventing collisions is reduced to the matrix game of j participants non-co-
operating among them (Fig. 15).

w Vv, vy V. q: Vi

ANy 4

TR

Y o—p ] — X
own ship i T,
V—b — Y

Fig. 15. Block diagram of a matrix game model

The state and steering variables are represented by the following values:

=D;, X, =Nj, U1 =V, Uy, =V, u; =y, u;, =V, j=1,2,..,m (33)
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The game matrix R[r;(v;, vy)] includes the values of the collision risk rj determined on the
basis of data obtained from the ARPA anti-collision system for the acceptable strategies v,
of the own ship and acceptable strategies v; of any particular number of j encountered
objects. The risk value is defined by equation (1). In a matrix game player I - own ship has a
possibility to use v, pure various strategies, and player II - encountered ships has v,

j
various pure strategies:

Ipn Ty e Ty Ty,

Iy Ip e Iy oy,

V2 rul,on—l rulun

T,

R =[r;(v;, v)] = (34)
Lo Too e Ty Ty
rum 1 rum 2 rUm /o1 rUmUn

The constraints for the choice of a strategy (UO, Uj) result from the recommendations of the

way priority at sea (Radzik, 2000). Constraints are limiting the selection of a strategy result
from COLREG Rules. As most frequently the game does not have a saddle point, therefore
the balance state is not guaranteed. In order to solve this problem we may use a dual linear
programming,.

In a dual problem player I aims to minimize the risk of collision, while player II aims to
maximize the collision risk. The components of the mixed strategy express the distribution
of the probability of using by the players their pure strategies. As a result for the goal
control function in the form:

(1) = min max (35)
probability matrix P of applying each one of the particular pure strategies is obtained:

Pi P2 - Pio, 1 Puo,
Par P2 o Pouv, 1 Poo,

pull pul2 pvl,uo 1 pvlun
P=lplopooll=" =~ L (36)

Po.1 pUjZ pui,uo 1 pujun

]

Po, 1 pUmZ pum,u0 1 pumun

m

The solution for the control problem is the strategy representing the highest probability:

(s = ut { ooy, v} @7)

The safe trajectory of the own ship is treated as a sequence of successive changes in time of
her course and speed. A safe passing distance is determined for the prevailing visibility
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conditions at sea Ds, advance time to the manoeuvre t,, described by equations (30) or (32)
and the duration of one stage of the trajectory Aty as a calculation step. At each one step the
most dangerous object relative to the value of the collision risk r; is determined. Then, on the
basis of semantic interpretation of the COLREG Rules, the direction of the own ship's turn
relative to the most dangerous object is selected.

A collision risk matrix R is determined for the acceptable strategies of the own ship v, and

that for the j-th encountered object v;. By applying a principle of the dual linear

programming for solving matrix games the optimal course of the own ship and that of the j-
th object is obtained at a level of the smallest deviations from their initial values.

Figure 16 shows an example of possible strategies of the own ship and those of the
encountered object while, Figure 17 presents the hyper surface of the collision risk for these
values of the strategy.

Fig. 17. Dependence of the collision risk on the course strategies of the own ship and those
of the encountered ship
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80 Radar Technology

If, at a given step, there is no solution at the own ship's speed V, then the calculations are
repeated for a speed decreased by 25%, until the game has been solved. The calculations are
repeated step by step until the moment when all elements of the matrix R are equal to zero
and the own ship, after having passed encountered objects, returns to her initial course and
speed.

By using function Ip - linear programming from Optimization Toolbox of the MATLAB
software RISKTRA] algorithm was developed to determine a safe game trajectory of a ship
in a collision situation (Cichuta & Dalecki, 2000).

5. Sensitivity of game ship control

5.1 Definition of sensitivity

The investigation of sensitivity of game control fetch for sensitivity analysis of the game
final payment (10) measured with the relative final deviation of d(t;)=di safe game trajectory
from the reference trajectory, as sensitivity of the quality first-order (Wierzbicki, 1977).
Taking into consideration the practical application of the game control algorithm for the
own ship in a collision situation it is recommended to perform the analysis of sensitivity of a
safe control with regard to the accuracy degree of the information received from the anti-
collision ARPA radar system on the current approach situation, from one side and also with
regard to the changes in kinematical and dynamic parameters of the control process.
Admissible average errors, that can be contributed by sensors of anti-collision system can
have following values for:

e radar,

- bearing: £0,22°,

- form of cluster: £0,05°,

- form of impulse: £20 m,

- margin of antenna drive: £0,5°,

- sampling of bearing: +0,01°,

- sampling of distance: 0,01 nm,

e gyrocompas: +0,5°,

e log: +0,5 kn,

o GPS:+15m.

The sum of all errors, influent on picturing of the navigational situation, cannot exceed for
absolute values +5% or for angular values +3°.

5.2 Sensitivity of control to inaccuracy of information from ARPA radar
Let X, represent such a set of state process control information on the navigational situation
that:

XO,j :{V,\IJ/V]'/\VVDJ‘/N]'} (38)

Let then XOA,]RPA represent a set of information from ARPA anti-collision system impaired by

measurement and pI'OCGSSiI'lg errors:

Xpi A ={V£8V,y£8y,V,£8V,,y; +dy;,D;+3D;,N; +3N } (39)
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Relative measure of sensitivity of the final payment in the game s;y as a final deviation of
the ship's safe trajectory di from the reference trajectory will be:

JARPA ( ¥ ARPA )
ARPA k
Sinf = (XO,j ’ XO,j) = =

dy (X 5) (40)

_1V v Y DN
Sinf = {Sinf s Sint s Sinf s Sin 7 Sint 7 Sinf |

5.3 Sensitivity of control to process control parameters alterations
Let Xyaum represents a set of parameters of the state process control:

Xparam = {tm-Ds, Aty , AV} (41)

Let then X']Daram represents a set of information saddled errors of measurement and
processing parameters:

Xparam = {tm £ty , Dy 8D, Aty £8At, , AV +3AV} (42)

Relative measure of sensitivity of the final payment in the game as a final deflection of the
ship's safe trajectory di from the assumed trajectory will be:

=(X X di(X
sdyn _( param / param) dk(x—param) (43)

futm WD, At _AV
sclyn - {den ’ den ’ den ’ sdyn }

param )

where:
tm - advance time of the manoeuvre with respect to the dynamic properties of the own ship,
Aty - duration of one stage of the ship's trajectory,

D; - safe distance,

AV - reduction of the own ship's speed for a deflection from the course greater than 30°.

5.4 Determination of safe game trajectories

Computer simulation of POSTRAJ and RISKTRAJ algorithms, as a computer software
supporting the navigator decision, were carried out on an example of a real navigational
situation of passing j=16 encountered ships. The situation was registered in Kattegat Strait
on board r/v HORYZONT II, a research and training vessel of the Gdynia Maritime
University, on the radar screen of the ARPA anti-collision system Raytheon.

The POSGAME algorithm represents the ship game trajectories determined according to the
control index in the form (27) (Fig. 18).

The RISKTRA]J algorithm was developed for strategies: v, =13 and v; = 25 (Fig. 19).

5.5 Characteristics of control sensitivity in real navigational situation at sea
Figure 20 represents sensitivity characteristics which were obtained through a computer
simulation of the game control POSTRA] and RISKTRA] algorithms in the Matlab/Simulink

software for the alterations of the values Xo;jand Xparam within £5% or +3°.
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Fig. 18. The own ship game trajectory for the POSTRA]J, in good visibility, Ds=0,5 nm,
r(t)=0, d(tx)=7,72 nm, in situation of passing j=16 encountered ships
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Fig. 19. The own ship game trajectory for the RISKTRA]J, in good visibility, Ds=0,5 nm,
r(t)=0, d(tx)=6,31 nm, in situation of passing j=16 encountered ships
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Fig. 20. Sensitivity characteristics of safe game ship control according to POSGAME and
RISKTRA]J algorithms on an example of a navigational situation in the Kattegat Strait
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6. Conclusion

The application of simplified model of the dynamic game of the process to the synthesis of

the optimal control allows the determination of the own ship safe trajectory in situations of

passing a greater number of the encountered ships as a certain sequence of the course and

speed manoeuvres. The developed RISKTRAJ algorithm takes also into consideration the

Rules of the COLREG Rules and the advance time of the manoeuvre approximating the

ship's dynamic properties and evaluates the final deviation of the real trajectory from the

reference value.

The sensitivity of the final game payment:

- isleast relative to the sampling period of the trajectory and advance time manoeuvre,

- most is relative to changes of the own and met ships speed and course,

- it grows with the degree of playing character of the control process and with the
quantity of admissible strategies.

The considered control algorithm is, in a certain sense, formal model of the thinking process

of a navigator conducting a ship and making manoeuvring decisions. Therefore they may be

applied in the construction of both appropriate training simulators at the maritime training

centre and also for various options of the basic module of the ARPA anti-collision radar

system.

7. References

Baba, N. & Jain, L. C. (2001). Computational Intelligence in Games, Physica-Verlag, ISBN 3-
7908-1348-6, New York

Bist, D.S. (2000). Safety and security at sea, Butter Heinemann, ISBN 0-7506-4774-4, Oxford-
New Delhi

Bole, A.; Dineley, B. & Wall, A. (2006). Radar and ARPA manual, Elsevier, ISBN 978-0-7506-
6434-9, Amsterdam-Tokyo

Cahill, R. A. (2002). Collisions and Thair Causes, The Nautical Institute, ISBN 187-00-77-60-1,
London

Cichuta, M. & Dalecki, M. (2000). Study of computer program determining safe ship’s game
trajectory with consideration risk of collision”, M.Sc. thesis, Gdynia Maritime
University, Poland, (in Polish)

Cockcroft, A.N. & Lameijer, J.N.F. (2006). The collision avoidance rules, Elsevier, ISBN 978-0-
7506-6179-9, Amsterdam-Tokyo

Cymbal, N.N.; Burmaka, I.A. & Tupikow, LI. (2007). Elastic strategies of the passing ships, KP
OGT, ISBN 978-966-8128-96-7, Odessa (in Russian)

Engwerda, J. C. (2005). LQ Dynamic Optimization and Differential Games, John Wiley & Sons,
ISBN 0-470-01524-1, West Sussex

Gluver, H. & Olsen, D. (1998). Ship collision analysis, A.A. Balkema, ISBN 90-5410-962-9,
Rotterdam-Brookfield

Isaacs, R. (1965). Differential games, John Wiley & Sons, New York

LaValle, S. M. (2006). Planning algorithms, Camridge, ISBN 0-521-86205-1, New York

Levine, W.S. (1996). The Control Handbook, CRC Press, ISBN 0-8493-8570-9, Florida

www.intechopen.com



Sensitivity of Safe Game Ship Control on Base Information from ARPA Radar 85

Lisowski, J.; Rak A. & Czechowicz W. (2000). Neural network classifier for ship domain
assessment. Journal of Mathematics and Computers in Simulation, Vol. 51, No. 3-4, 399-
406, ISSN 0378-4754

Lisowski, J. (2001). Computational intelligence methods in the safe ship control process,
Polish Maritime Research, Vol. 8, No. 1, 18-24, ISSN 1233-2585

Lisowski, J. (2002). Computational intelligence and optimisation methods applied to safe
ship control process, Brodogradnja, Vol. 50, No. 2, 195-201, ISSN 502-141-274

Lisowski, J. (2004). Safety of navigation based on game theory - computer support
algorithms of navigator decisions avoiding accidents at sea, Journal of Shanghai
Maritime University, Vol. 104, No. 11, 75-85, ISSN 1672-9498

Lisowski, ]. (2005a). Mathematical modeling of a safe ship optimal control process, Polish
Journal of Environmental Studies, Vol. 14, No. I, 68-75, ISSN 1230-1485

Lisowski, J. (2005b). Game control methods in navigator decision support system, Journal of
Archives of Transport, Vol. 17, 133-147, ISSN 0866-9546

Lisowski, J. (2007a). The dynamic game models of safe navigation, In: Advances in
marine navigation and safety of sea transportation, Adam Weintrit, 23-30, Gdynia
Maritime University-The Nautical Institute in London, ISBN 978-83-7421-018-8,
Gdynia

Lisowski, J. (2007b). Application of dynamic game and neural network in safe ship control,
Polish Journal of Environmental Studies, Vol. 16, No. 4B, 114-120, ISSN 1230-1485

Lisowski, ]. (2008a). Computer support of navigator manoeuvring decision in
congested waters. Polish Journal of Environmental Studies, Vol. 17, No. 5A, 1-9, ISSN
1230-1485

Lisowski, J. (2008b). Sensitivity of safe game ship control, Proceedings of the 16t IEEE
Mediterranean Conference on Control and Automation, pp. 220-225, ISBN 978-1-4244-
2504-4, Ajaccio, June 2008, IEEE-MED

Lisowski, J. (2008c). Optimal and game ship control algorithms avoiding collisions at sea, In:
Risk Analysis VII, Simulation and Hazard Mitigation, Brebia C.A. & Beriatos E., 525-
534, Wit Press, ISBN 978-1-84564-104-7, Southampton-Boston

tebkowski, A. (2001). Study and computer simulation of game positional control algorithm with
consideration ship’s speed changes in Matlab, M.Sc. thesis, Gdynia Maritime
University, Poland, (in Polish)

Nisan, N.; Roughgarden, T.; Tardos E. & Vazirani V.V. (2007). Algorithmic Game Theory,
Cambridge University Press, ISBN 978-0-521-87282-9, New York

Nowak, A. S. & Szajowski, K. (2005). Advances in Dynamic Games — Applications to Economics,
Finance, Optimization, and Stochastic Control, Birkhauser, ISBN 0-8176-4362-1,
Boston-Basel-Berlin

Osborne, M. J. (2004). An Introduction to Game Theory, Oxford University Press, ISBN 0-19-
512895-8, New York

Radzik, T. (2000). Characterization of optimal strategies in matrix games with
convexity properties. International Journal of Game Theory, Vol. 29, 211-228, ISSN
0020-7226

Straffin, P. D. (2001). Game Theory and Strategy, Scholar, ISBN 83-88495-49-6, Warszawa (in
Polish)

www.intechopen.com



86 Radar Technology

Pasmurow, A. & Zinoviev, ]J. (2005). Radar Imaging and holography, Institution of Electrical
Engineers, ISBN 978-086341-502-9, Herts
Wierzbicki, A. (1977). Models and sensitivity of control systems, WNT, Warszawa (in Polish)

www.intechopen.com



Radar Technology
Edited by Guy Kouemou

ISBN 978-953-307-029-2

Hard cover, 410 pages

Publisher InTech

Published online 01, January, 2010
Published in print edition January, 2010

In this book “Radar Technology”, the chapters are divided into four main topic areas: Topic area 1: “Radar
Systems” consists of chapters which treat whole radar systems, environment and target functional chain. Topic
area 2: “Radar Applications” shows various applications of radar systems, including meteorological radars,
ground penetrating radars and glaciology. Topic area 3: “Radar Functional Chain and Signal Processing”
describes several aspects of the radar signal processing. From parameter extraction, target detection over
tracking and classification technologies. Topic area 4: “Radar Subsystems and Components” consists of
design technology of radar subsystem components like antenna design or waveform design.

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:

Jézef Lisowski (2010). Sensitivity of Safe Game Ship Control on Base Information from ARPA Radar, Radar
Technology, Guy Kouemou (Ed.), ISBN: 978-953-307-029-2, InTech, Available from:
http://www.intechopen.com/books/radar-technology/sensitivity-of-safe-game-ship-control-on-base-information-
from-arpa-radar

INTECH

open science | open minds

InTech Europe InTech China

University Campus STeP Ri Unit 405, Office Block, Hotel Equatorial Shanghai

Slavka Krautzeka 83/A No.65, Yan An Road (West), Shanghai, 200040, China

51000 Rijeka, Croatia FE BHIERFARK6SS HiBEFR R ARIRE I AE40582TT
Phone: +385 (51) 770 447 Phone: +86-21-62489820

Fax: +385 (51) 686 166 Fax: +86-21-62489821

www.intechopen.com



© 2010 The Author(s). Licensee IntechOpen. This chapter is distributed
under the terms of the Creative Commons Attribution-NonCommercial-
ShareAlike-3.0 License, which permits use, distribution and reproduction for
non-commercial purposes, provided the original is properly cited and

derivative works building on this content are distributed under the same
license.




