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The aim of present research is working out а cbnception of provision for assured 
safe manoeuvring of vessel at the expense of perfection of attendant activity of naviga
tor and improvement of agreement of movement factors with hard and variaЫe limita
tions, aimed at making algorithms appraising navigation situations, decision making 
on correction of set algorithm of control. 

The decision of proЫems put forward the explanation of notions. So, 'maneuver
ing strategy requires set of possiЬle actions for the achievement of the assigned task 
is understood as availaЫe recourses of security information, which operator is аЫе to 
perform, it forms hypotheses to solve the proЫem. The tactics of manoeuvring foresees 
the decomposition of each hypotheses, that allows to follow from initial proЫem to 
elementary and make their typification. 

For grounding of the ways of achievement of the above aims the analysis of the 
accidents on the basis of the material availaЫe in the Harbour Master office inspec
tions of Ukraine and legal expert examinations was effected. As а result the ranging 
of human errors connected with the operator's actions was made [7]. As it follows 
from the Ukrainian ship accident rate during 1978 - 2002 the navigational accidents 
in the Ukrainian territorial waters make 79 о/о which twice exceeds the World average 
statistic data. 

The performed analysis of the accident rate and the errors in the actions of the 
human operator (НО) shows that they are mostly the results of the insufficient agree
ment between the process character peculiarities and those at the actions of НО, as an 
element of the whole system as well as the factors of the movement with variaЬle and 
constant limitations. 

For the quantitative appraisal of the manoeuvring safety multi-factor criterion of 
agreement of psychophysiological characteristics of operator's activity with the process 
of manoeuvring movement factors is to Ье introduced. It includes in the least five move
ment factors and four characteristics of the operator's activity. 

The movement factors are the speed the course, the manoeuvring trajectory con
figuration and position check up. 
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Fromthe point of view of operator's activity the errors arise in the process of receiv-
ing visual information, as it requires processing. This stage of malfunction is character-
ized by the loss of orientation, its share makes 31,8 % of all 173 cases analyzed. For their
elimination it is necessary to process the information and present it to the operator in
the form of procedure recommendations, which would be accepted as requiring one
single action. If outer influences and certain variable limitations change, the operator is
required to process the entering declarative information on the check up of the control
process parameters for the correction of the planed trajectory. This stage results in the
errors in the manoeuvring process control the share of it constitutes 23.1 %.

The delays in the operator's intellectual activity influence the speed and reliability
of decision making and the check up of its realization. This stage leads to the errors in
observing the rules of navigation, and their share is as big as 17.5 % of all the cases of
accidents.

The safety of manoeuvring in the above cases was not provided due to the absence
of the necessary data of the ship's manoeuvring characteristics as an object of the con-
trol and the corresponding data of the navigation technical aids current state for the
monitoring the movementin the congested conditions of navigation grounding of ships
in 46.8 % of 173 analyzed cases gives a sound evidence to that.

The insufficiency of information provision of the navigation process both inside
the ship and from outside, the absence of the ways and methods of monitoring by the
shore - based Aids to Navigation did not allow to prevent grounding of ships (47%)
and contacts to coast line and clearing marks (17 %).

The information provision of the current parameters of the movementand the situ-
ation of the ship is also insufficient the absence of the methodology of the ship control
preliminary planning, supporting systems for the decision making and the algorithms
of the operator's actions in the manoeuvring control, which didn't allow to prevent
collisions in 15 %, grounding in 47 % and contact accidents in 17 %.

This analysis made it possible to rank the operator's arrows in accordance with his
psychophysiological characteristics: in 47 % of all cases the cause was the fault of the
analyzer in 21 % as a result of malfunction while storing and processing the informa-
tion; in 18 % faults in decision making and in 14 % motor mistakes caused by the low
capacity to the work of the operator.

For the evaluation of the influence level of every particular characteristic on the
process of the movementlet us introduce the coefficients of ranking analyzers

Kvxa=0,47 , malfunction in storing and processing the information Kvm=0,21 ,
the speed of the intellectual functions fulfillment Kp)KH=0,18 and the result of motor's
faults KpjKM= 0,14.

The planned values of the movementfactors are to be taken as the starting point,
and the maximumassured results is achieved by the maximumpossible approximation
of the planned values of the parameters to the optimal values. Thus, the efficiency of the
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manoeuvring is determined by the predicted characteristics of the movementprocess
and the ability of the operator to fulfill the prepared plan.

For the evaluation of the coordination let us introduce the three factors of move-
mentand the operator's characteristics - local, generalized local and global ones.

Local Criteria of Coordination -showthe degree of coordination of every charac-
teristic of the operator with corresponding factors of movement.Their general number
is 20. The denotation of the coefficients is given in Table 1.

In case of agreement of one factor of movementwith one characteristic of the op-
erator it acquires the value 0.2, if it is absent it equals 0..

Generalized Local Criteria of Coordination - informational analysis ( K^ ) , mem-
ory and thinking ( JCnaM), the speed and reliability of intellectual functions ( K^ ) and
anthropometry ( K^ ) characterizes the degree of the agreement of every characteris-
tic feature of the operator with all the factors of the movement.Everyone acquires the
values [0;1]. In case of the agreement of one factor of movementwith the correspond-
ing feature Km,KnaM,K^, Ksm=0,2 , two factors - 0.4, three - 0.6, four - 0.8 in case of

full coincidence 1.

Table 1. Local coefficient of coordination
T r a ffi c  f a c t o rs A n a liz a to r s M e m o r y In t e lle c tu a l

f u n c ti o n s
A n th ro p o m e tr y

S p e e d K c a K e n K c h K c m

C o u r se K K a K k h K k h K k m

M a n o e u v r e

sta rtin g  m o m e n t

K M a K m ii K m h K m m

T r a j  e ct o r y K T o a K t d ii K t p h K t d m

S  itu a tio n K n a K im K n n K n M

Global Criterion of Coordination (Kcor e [0 ;1 ora-efl]) characterizes the degree of
agreement of all the characteristics of the operator's activity with all, the factors of the
ship movement,represented as separate coefficients.

If global and generalized local criteria are equal to one it means that the agreement
of all the components of the manoeuvring is ensured and the precompositions for the
ensured safety have taken shape.

The analytical dependence for the determination of KC0Twill look in the following way:

^cor =Y} Kpm^Km
j=l

(1)

where i - the number ofoperator's characteristics ( i e [1; 4] ); j - the number of traffic
factors j e [1; 5] ; K^ - coefficient ofoperator's errors ranking; KnoK- local coefficient
of coordination (table. 1).
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The structural scheme of algorithm of determination of coefficient by formula (1)
and is shown in the picture.1.

Beginning of the
manoeuvre.

Factors of
manoeuvring

Speed

Course
Beginning of the

manoeuvreConfiguration of
traj ectory

Place of shijp^
location

Factors of
manoeuvring

Speed

Course
Beginning of the

manoeuvreConfiguration of ,
tra j ectory

Place of ship's -»_|
luca nun

Factors of
manoeuvring

Speed

Course
Beginning of the

manoeuvre
Configuration of.

tra j ectory
Place of ship's

Matching unit

Matching unit

2

à"p

o

V

a.

I

å d
a

&

Kc

Kc,

Picture 1 - Structural scheme of algorithm of coordination coefficient Marking of blocs:
1 -coordination according to the local criteria; 2 -coordination taking into account

operators errors; 3 - global coordination
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Considered necessary and sufficient conditions allow to proceed to substantiation
of process of assured safety of manoeuvring.

Whenthe preliminary plan is made up, one mayproceed to the fulfillment of the
following manoeuvring stage-operation of transition process. For its realization it is
necessary: to carry out the sea operation on going out from the port; to customize
hydrameteorological factors and adjust the corrections, which had been taken accord-
ing to the predicted data; to bring in to the work control unit of course (manual or
automatic) , navigational facilities which determine the ships' position , which evaluate
the navigation situation and which determine the moment of appearance of variable
limitations to the movementof the ship. Whenone defines the location and finds some
deviations it is necessary to specify reasons, which stimulated removal and correct the
course, without changing the preliminary plan, in order that the ship go out exactly to
the following travel point.

Whenvariable limitations appear, one should find out, if there is a danger of colli-
sion, and correspondingly, and the necessity to change the parameters of movement.
If it exists, then one should correct the preliminary plan by means of removal of the
following one or several travel points in the direction of cargos' delivery (transference
lines between ports).After this the course or speed is changed to provide with the di-
vergence and with the realization of the given algorithm of operation.

Out of the accident rates analysis and the study of the manoeuvring process, the
existing practice of protection of the safety of traffic has a lot of shortcomings : there is
no information about manoeuvring properties ; the conception of the prediction and
the planning of the given algorithm of the system of operation, and the method of sea
operation planning are generally absent; the systematized conception of the movement
correction by the variable limitations is also absent ; there is not enough information
about current parameters of the movementand their correspondence to the planned
ones ; there is no supporting system of decisions assumption.

Thus, the safety of the manoeuvring operation is intended to assure due to the rise
of level of awareness and to the speed system of processing information with the fol-
lowing elaboration of the algorithm of operators' activity by means of : the structuring
of the tactical and efficient tasks, the elaboration of the algorithm of intellectual actions
of the operator while the planning or operation of the ships' movement; the elaboration
of the algorithms and programmes which predict the safe speed in different conditions
of navigation ; planning of the sea operation by means of the method of inversion; the
creation of the supporting system of the assumption of decisions which concern the
manoeuvring ; the creation of the algorithms of the current control of the divergence
and correction meansof the initial trajectory; the creation of the algorithms of the cur-
rent control of the position, including the curvilinear motion, and the visualization of
the current situation of the divergence with the ships which manoeuvredangerously.

289



WorldMaritime Exellwence ^==^=^=:^^=^===^^^^==^^^^=^=:==r^^=

Bloc-scheme of the algorithm of the functioning of the system in the mode «prepa-
ration» is given in the picture.

In the mode «Transition» the work of the system of the manoeuvring safety, is pre-
sented by the procedure, in which the following operations are performed:
-Bx-collection, processing and reflection of information about strict limitation

for the beginning of the movement;
-B2-collection, processing and reflection of information about parameters of

external influences and visibility conditions ;
-F3-determination of the necessity of including the correction data in the com-

pass course for the compensation of the external influences ;
-B4-determination of the safe speed in accordance with the conditions ofnavi-

gation taking into consideration manoeuvring characteristics;
-B5-determination of the manoeuvring characteristics for the current situation

in the organs of control and their assessment;
-B6-determination of the current meaning of the dynamic characteristics and

the corrective coefficients to account for the shallow water;
-F7-comparison of the dynamic characteristics on deep water and current cor-

relation H/T and assessment of the necessity of correction of characteristics
of the current regime of movement;
-BB-determination of the actual meaning of the ships' course KKTeK;
-F9-comparison of KKTeKand KK3aRand making of the commandto the rudder

transfer for bringing the ship to the established course (operation along the
inner outline) ;
-B10-determination of the current position of the ship;
-Fn-comparisonof the currentposition of the ship with the given one, assessment

of the divergence from the line of the planned way and clearing up the cause;
-B12-determination of new meaning of the corrections due to the external

influences, KK3aAand modification of the given algorithm of operation ;
-B13-the establishment of the variable limitations;
-B14-determination of the time of the modification of regime, the selection of

kind of manoeuvre in the catalogue of situation;
-F15-comparison KX^and KK3Baand formulation of the commandto the helm for

bringing the vessel to specified course or the assignment of a newvalue of the speed;
-B16-determination of the beginning momentof return and the newvalue of

course to the following travel point;
-B17-determination of the angle of turning the rudder, a momentof starting and

finishing of the turn, holding of the turning and the new meaning of KK3aR
taking into account the angle of windage and sea current;
-B1S-determination of the position data of the starting point ofa rerunning of

the rudder;
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-F19-transfer of the rudder to the specified angle after arriving at the point of
the turning and keeping it taking into account the characteristics of holding of
the turning;
-K20- end of the lead cycle of the vessel trough the given section between the

previous and the subsequent points, with an opportunity of reiteration of the
cycle on a following section of the way and transition to operator B2.

In the operational form of LSA operator's activity of a navigator during the transi-
tion by the sea is represented in a following way:

ijn n p2t4iR R R p8t64-R p10t8iR j-.12t84-r r r

^ r.l2tl64. r r n E"2(20)tl64. y
XM5 °16 aYl "18 ^19 ^"20

(3)

and the block diagram of the algorithm of system activity ofmaneuvering in this mode
is indicated in figure.3.

Fig. 3. the block diagram of algorithm of operation functioning system of maneuvering
«transition» in regime.
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Operational peculiarities of assured safety system of maneuvering during the per-
formance of marine operations consist in the fact that a vessel purposefully changes
parameters of its movement.During the performance of marine operations, owing to
the given limitation on a trajectory of movement,three classes of operational problems
are distinguished: with the loose port end with unfixed time: with the fixed ends: with
loose port or starboard ends.

Usually a starting point of maneuvering while entering a port is the initial point
which coincides with last travel point, and while going out from a port maneuvering
begins with the jammed point, and terminates in the initial travel point.

During the anchoring the jammed point is the point of going down of an anchor,
and initial point is last travel point. During the mooring on the movethe finish point of
the maneuvermovesevenly and rectilinearly.

During the performance of marine operations the procedure of system functioning
is presented by following operators:
-Hm-beginning of structural logic algorithm of functioning the system;
-BMl-collection, processing and displaying of the information about strict limi-

tation for starting flow;
-Bm2-collection, processing and displaying of the information about parameters

of external influences and conditions of visibility;
-BM3-choice of manner of arriving to the finishing point of the maneuvering,

course and speed;
-Fm4-determination of the necessity of corrections in the magnitude of compass

course for compensation of external influence and the necessity of tugboats for
safe maneuvering;

c
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Fig.4. Block diagram of the operation algorithm ofmaneuvering
during the marine operations
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-BmS-graphic construction and analytic calculation of coordinates of the initial
point of starting /finishing maneuver;
-Fm6-check up of the transition points coincidence and initial one of starting

of the maneuver, if there is any discrepancy subsequent plan of flow on the
transition is corrected;
-Bm7-determination of corrections for changing the course and/or speed for

coming to initial travel point or position for starting the maneuver;
-FmB-check up of coincidence of points and transfer of the system to «transi-

tion» mode or its correction by changing either the starting travel point or by
changing the course in the first travel point.
-KM9-the end of the cycle activity on the given segment offlow.

In the operational form ofLSA activity of a navigator during the performance
of marine operations can be written down in a following way

H Q n D 175tl4-n T77T5-I-p 779T5-J'jr

and the block diagram of the algorithm of system activity of maneuvering is shown in
the figure.4.

Conclusions and Propositions

Existing concepts in navigation are based on physicalistic approach, using basi-
cally kinematic and kinetic laws of flow and the cybernetic approach, using laws
of the theory of automatic.
Suggested conception of control assured safety of maneuvers is based on system
approach. The information processing function and the operation of a vessel
function in it are automated to the maximum,and operator's activity of a navi-
gator is exposed to algorithmization in processes of a choice and decision-mak-
ing.

Automation is required the studying of processes of maneuvering, researching
a quality of a vessel, as an object of the control, and external RFI and informa-
tional influences on the process of the control, and structure development of the
control system, a decision-making support system and fast-acting algorithms
of intellectual activity of the operator.
In the process of algorithmization of the navigator's activity on the base of the
criteria of coordination his psychophysiological characteristics and factors of
movementthree modes of operative managementwere marked -preparation,
transition and marine operations which were undergone preliminary research
on the level of logical operations and determinations of block diagrams.
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5. The following research is rational to direct to creating the structure of the
operational system of maneuvers for different conditions of navigation, class
of solving problems and create the conditions for providing assured safety
of navigation, including the upgrading the pilotage as an effective means of
navigation safety.
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