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GRADIENT METHOD IN THE PROBLEM OF MINIMIZATION OF
COLLISION RISK
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Abstract: The development of surveillance tools and computer systems raises the question of
the transition from standard navigation methods to the construction of algorithms for risk field
analysis. The field of risks allows to use not only methods of sliding on lines of the set risk, but also
gradient procedures. The main advantage of gradient procedures is the preservation of sensitivity
to each target anywhere in the field of operations. This property allows you to build algorithms that
guarantee the movement of the trajectory of minimal risk, even with the error of the previously laid
route. The report presents the mechanisms of formation of risk fields, construction of optimal
trajectories and visualization of the situation.
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Anomauin: Po3sumox 3acobié cnocmepediceHHsi | 0OYUCTIOBANbHUX CUCMEM 00360JI5€
cmasumu RUMAHHS Npo nepexio 6i0 CMaHOapmuux Memodis Hagieayii 00 no6y008uU ancopummie
aunanisy nonie pusuxis. Ilone pusuxie 0036019€ UKOPUCTNOBYBAMU HEe MITbKU MEMOOU KOB3AHHS NO
JUHIAX 3a0aH020 PpU3UKY, a U epadienmui npoyedypu. I 01061010 nepesazoro epadieHmuux npoyeoyp
€ 30epedicenHs: Yymausocmi 00 KONCHOI Yini y 0yob-axomy micyi nois onepayii. /lana éracmugicms
00360/1€ 0y0y8amu aicoOpummu, Wo 2apaHmyioms pyx no MpAacKmopii MiHIMAIbHO20 PUSUKY
HA8IMb Npu NOMUIKOBOCHMI NPOKIAOEH020 paniue mapuipymy. Y 0onosioi nagedeui mexauizmu
GopmysanHs nonie puzukie, N06Y008U ONMUMATLHUX MPAEKMOPIt i 8i3yanizayii cumyayii.

Knrouoei cnoesa: none pusuxis, epadienmua npoyeodypa, onmumaibHe Kepy8anHs, KOG3AHHS NO
JUHIT 3a0aH020 PUBUKY, MAmMeMamuyHe MOOeI08aAHHs.

When solving the problem of navigation in conditions of risks caused by natural
causes and the presence of other vessels, we first determine the criterion of
optimality. In the general case, we are dealing with the problem of optimal control. In
the works [1-12], the authors previously considered the issues of optimizing the route
using the risk criterion to minimizing the risk of collision. Consider the subintegral
expression of the integral functional of the goal. First, we consider the expected risks
C (x), estimated at the economic, technical and other costs taken into account in the
task. In the works [13-18] the authors previously considered one of the main issues
that it is not very reasonable to prefer only the risk of collision, because there is also
the cost of cargo and other factors. On the other hand, experience says that the risk is
determined mainly by various little things. Thus, assuming a certain value of the
maximum penalty C,,, we will take the estimate of the current expected risk in the
form of the maximum penalty weighted by the normal distribution [19-24]:
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Thus, we got a risk field. It is important that this field extends to the entire space
of the operation and the gradient procedure leads to the point of the vessel's position
"In the blind" from any point in the space of operation. The second important point is
the impossibility to guarantee complete safety. Therefore, we choose a given level of
risk C*(x). The locus of equal risks is the ellipse:
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Considering the ellipse of the risk function with the position of the vessel, its
direction of movement and characteristics, in the risk field we obtain the line of the
given risk. Obviously, any object or vessel moving along a given risk line has been
identified and assessed. On the other hand, inward deviation of the equal risk ellipse
increases the risk, while outward deviation decreases the risk but increases the path.
Thus, we obtain a vector function as an integrand of the goal functional in the form

(3):

P(x) = m L(x) —> min [ p(x)ox 3)

Task (3) itself is a vector problem of optimal control of a distributed system. For
all its theoretical complexity [rai], it has a simple solution — you need to move along
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the line of equal risk, then the distance covered in the maneuver will be minimal for a
given risk, and the risk will not exceed a given one. Then, during the maneuver, the
trajectory of own ship is determined by the slip equation:
(V; COSE, — X;()? L (vrsing, — Yro) _ R
a’ b? (4)
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To make a decision on the choice of risk-minimizing maneuvers, we calculate
the reference risk field, which is the same for all tasks — the normal distribution in
Fig. 1.

To obtain an instantaneous
risk field associated with a specific
vessel, we perform an affine
transformation of the reference risk
field. For this, we introduce the
heading angle of the target ¢., the
standard deviations of the target
along the axes ox oy and the
maximum risk Cy,. This data allows
the construction of an instantaneous
risk field for a given target. To do
this, we transform the original field,
Fig. 2, using transform:
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This fast operation of transformation of coordinates allows obtaining risk fields
of targets (Fig. 2, a). To obtain the entire instantaneous risk field, the operation of
adding the target risk fields is performed (Fig. 2, b).

C0=Y.C.0. ©

The risk field extends to the entire operation field and at each point of the
operation field there is a component of each of the private risk fields and at each
point of the risk field you can determine the gradient of this field. Therefore, when
moving a vessel, you can always choose a direction that does not lead to an area of
increased risk. Thus, there is a procedure that will always lead to entering the area of
unacceptable risks of the target is a gradient procedure

Vv

Xiiq =X + ———qradC(x); i=1,...m;
i+1 i \gradC(x)\g ()

X(O) = XO . (7)

X
Figure 1 — Reference risk distribution
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a)
Figure 2 — Formation of the risk field of the task: a) the risk fields of targets;
b) the result of adding up the risk fields of targets

The most "dangerous" trajectory is the condition of sufficient self-speed. The
existence of the most "dangerous” trajectory implies the presence of the most "safe"
trajectory, where a collision is fundamentally impossible, again, provided there is
sufficient speed to perform the evasive maneuver. This is the sliding trajectory in the
direction of the orthogonal allowable risk gradient

0 1x =X; + v radC(x) > X; .4 = 0 1x ;
1 0 i+1 = i \gradC(x)\g i+1 — 1 0 i+1

X(O)=X0 (8)
Now each step on a trajectory is followed by sliding on a line of an equal

gradient and it is important only to control a condition of not exceeding the set risk
C(x) <=C*;
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In case of divergence with several goals, it is necessary to keep a safe distance
from all goals. This complements the algorithm by requiring the choice of the
beginning of the path on the minimum gradient, in the future if enough of its own
speed, the ship will automatically slide between targets on a safe trajectory. It is
necessary to have the starting point of the maneuver on the trajectory of the maneuver
1, and the end point of the maneuver 1* belonging to the trajectory of the general
course L*. Thus, we obtain a simple algorithm for "blind" maneuvering under the
control of an automatic system that has constantly updated information about the
situation in the area of the operation and seeks to avoid increased risk
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A simplified algorithm of the maneuvering procedure using the risk field

gradient is shown in Fig. 3.

The basis of the algorithm (Fig. 3) is the analysis of the gradients of the risk

field.

S

1 |Determine the start of the trajectory

»]
v
2 Build a risk field
' )
3
Yes C(x)<C*
4 | Determine the minimum gradient
v
5 Step in the direction of equal
gradient
v
Yes
p On the course
A
7 | Let's continue moving along the 8 Redefine step start
course
v v
Nou
Stop

Figure 3 — Algorithm of maneuvering using the gradient of the risk field

Conclusions. The use of the risk field in the navigation task allows us to

construct gradient procedures for laying a course with the least risk.
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When constructing the risk field of the target, it is enough to know only the
coordinates, own risk, parameters of the distribution of the risk function, which
makes it possible to use the extension of the ship's transponder code for
identification.

The gradient procedure makes it possible to construct an algorithm for the
automatic maneuvering of a vessel while maintaining the minimum risks.

The procedure for sliding along the line of a given risk and the procedure for
gradient trajectory construction are compatible and complementary to each other.

The considered algorithms make it possible to form a natural and easily
perceived interface of the situation analysis system for the navigator.

Both the sliding algorithm along the line of a given level and the gradient
algorithm require accurate knowledge of the dynamic properties of the vessel, which
requires in-line identification of the vessel model.

The considered algorithms are intended for the construction of automatic
navigation systems and require the use of modern computing systems capable of
processing data fields, which is associated with the need to perform simple operations
on high-dimensional matrices.
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