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Abstract 
This paper presents one of the approaches to solve the collision problem in restricted area for two moving  

objects using artificial intelligence (SACO algorithm). Although AI should be used only when the classic 

methods fail, a simple comparison between them is very interesting. As we know the main task of navigation 

is to conduct safely an object from the point of departure to destination. This problem does not seem easy,  

especially if we consider the movement in restricted areas such narrow passages, ports etc. 

 

 

 

Introduction 

In [1] the use of simplified ant colony algorithm 

(SACO) was described. The results showed that 

this approach can be efficient in some situations in 

navigation in restricted area. Anyway, it is neces-

sary to add that there was only the static situation 

considered. Of course artificial intelligence is not 

only ant colonies, but also other methods described 

in the literature, but the authors decided to choose 

this approach because of the specific kind of prob-

lems which can be solved by methods proposed 

initially by M. Dorigo [2]. 

In [3] the proposal of solving collision problem 

of two objects in restricted area was described. The 

authors proposed a combination of the dynamic 

generation of trapezoid grid and the A-star algo-

rithm (for the optimal path search). It has been 

proven that using this approach it’s possible to find 

an optimal trajectory for the object in restricted area 

in reasonable time.  

For the purpose of comparison SACO algorithm 

and a method described above, the other approach 

is proposed. What will be the result if we connect 

trapezoid grid and ant colonies? 

Trapezoidal grid – area discretization 
algorithm 

Trapezoidal grid is one of the forms of data rep-

resentation which allows to determine the location 

of each point in the plane and consider other point 

in given area in relation to our point. In this case 

the problem is reduced to determine the number of 

element containing considered point or it’s edge or 

corner, which are the borders of this element. This 

method involves creating a grid of trapezoids and 

next the graph of possible connections between 

them. Figure 1 illustrates the way of making the 

connections between the points belonging to the 

trapezoids.  

More detailed description of trapezoidal grid can 

be found in [3, 4, 5, 6]. As it was mentioned in [3] 

the dynamic situation there is a need to analyze all 

the objects with the ability to change their position, 

course, speed etc. These tasks are: 

– the analysis of the location of dynamic objects 

in relation to the static ones; 

– local modification of base grid, according to all 

moving objects in given moment; 

– determination of the dynamic restricted areas. 
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All steps mentioned above are repeated periodi-

cally until our object reaches the point of destina-

tion (or there is no need to support navigator any-

more). 

First of all, the analysis of all static objects has 

to be done. The trapezoidal mesh for them is creat-

ed by conducting the straight vertical lines by the 

points which are the beginnings / ends of the vec-

tors, representing the edges of each object. The end 

of each section is the point of crossing the vertical 

lines with the vectors representing the edges. All 

the elements of grid are trapezoids or triangles 

(a triangle can be treated as an exceptional case of 

trapezoid with one base equal to zero). 

 

Fig. 1. Possible vertex connections 

Such method of mesh generation allows to  

exclude a situation where in one mesh element one 

can find chart fragments of different properties, e.g. 

with various depths or fragments of an allowed area 

and a prohibited area. 

Let’s consider an example area illustrated in fig-

ure 2. 

 

Fig. 2. The area to be analyzed 

Then the trapezoidal grid was created and static 

restricted areas were determined (Fig. 3). 

 

Fig. 3. The area with all possible connections 

As it can be seen, this step of proposed algo-

rithm is very simple. Now we have to take into 

consideration all the dynamic obstacles. It’s neces-

sary to change the grid structure in every successive 

time steps, depending on the current position of all 

moving objects in our area. After the position of 

moving objects is known, all the elements con-

tained them are eliminated from the mesh. 

The mesh modification process, where further 

objects are added, requires that at an initial stage it 

should be specified which of the existing mesh 

elements must be modified. These elements are 

removed and replaced by new ones, incorporating 

an object being added. The algorithm contains more 

than 20 defined basic variants of mutual position  

of vectors determining a newly added object and  

currently modified / removed mesh elements. De-

pending on the qualification of a situation, a mesh 

element is divided and replaced by new ones. 

Next, because of the change of possible paths, 

there is a need to find an optimal path again, con-

sidering the current position of our object. There is 

one more thing which has to be said also. We 

should eliminate from the grid not only the ele-

ments containing the dynamic objects, but also 

these fragments of the area where there is no possi-

bility to find a safe path for our moving object. 

These elements can change depending on the cur-

rent situation. Examples: narrow passages, restrict-

ed areas around the objects etc. 

Optimal path search 

Finding an optimal path between two points it is 

very interesting problem in optimization. In 1959 E. 

Dijkstra proposed an algorithm which is now one of 

the most popular solutions. The main advantage of 

his method was the least computational complexity 
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in comparison to previous methods. In 1968 

P. Hart, N. Nilsson and B. Raphael proposed an 

extension of Dijkstra algorithm and called it A*. 

The computational complexity of this approach is 

only O(n) which fact makes it one of the fastest 

method in optimal path search problem. In [7] the 

comparison of some methods was done (including 

Dijkstra and A*). 

Sometimes, the very well-known methods fail or 

there are new ones proposed by researchers. There 

is always a need to find some alternative solutions 

and one of them is artificial intelligence. One of the 

ways to solve optimization problems is ant colony 

optimization proposed originally by M. Dorigo. 

The behavior of many ant species is based on 

indirect communication using pheromones. While 

walking from food source to the nest and back, ants 

leave some amount of pheromones on the ground. 

This way the pheromone trail is formed. Because 

ants can smell this trail they tend to choose paths 

marked by strong pheromones concentration. This 

fact in nature was an inspiration for researchers to 

build a stochastic, artificial model. 

Deneubourg et al. (1990) [8] proposed a simple 

model that describes the dynamics of the ant colony 

as observed in the experiment illustrated at figure 4. 

In this model ψ ants per second cross the bridge in 

each direction at a constant speed of v cm/s, depos-

iting one unit of pheromone on the branch. Given 

the lengths ls and ll (in cm) of the short and long 

branch, an ant crossing the short branch will trav-

erse it in ts = ls/v seconds, while the ant choosing 

the longer branch will use rts where r = ll / ls. The 

probability pia(t) that an ant arriving at decision 

point i  {1,2} selects branch a  {s, l} where s 

and l denote the short and long branch respectively 

can be given as the function: 
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where α = 2 is given experimentally [8]. 

 
Fig. 4. The bridge experiment for illustrating ants behavior 

SACO algorithm 

The simplified ant colony algorithm can be de-

scribed as follows. 

The ants are in two modes: 

– forward, 

– backward. 

In the “forward” mode ants moves from the nest 

to the source of food. While the ant reaches its  

target switches the mode to “backward” and comes 

back to the nest. In the “forward” mode ants choose 

randomly the path in graph G = (N, A), if there  

exists a connection. This choice is dictated by the 

amount of pheromone left by other ants. Only few 

rules are to be fulfilled: 

– pheromone update only in “backward” mode; 

– elimination of the possible loops; 

– the quality of the solution is dictated by the 

amount of pheromone trace. 

Ever connection (i, j) in the graph G = (N, A) 

can be represented as: 

   Ajiij  ,,1  (2) 

When the ant k is in the node i, the probability 

of choosing the way to node j can be expressed as: 
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where Ni
k
 is the neighbourhood of ant k in the node 

i, α = 2 and ij is the artificial phermone trail which 

amount is updated according to the equation: 

     1where1  ijijijij tt   (4) 

Experiments 

The area from figure 2 is given. The departure 

point is situated on the left side of each figure and 

the destination one on the right side. There are two 

moving objects which have the significance influ-

ence on optimal path search for our object. One 

object is added in the first time step. The second is 

added at a later step. 

The static area consisted of 6 objects with a total 

of 94 lines. As a result of discretization, a mesh 

consisting of 159 elements was obtained. Once the 

prohibited areas were taken into account and the 

trapezoids included in those areas were eliminated, 

103 elements remained. The total time needed for 

area analysis, mesh generation and identification of 

prohibited areas was 47 ms. 

The amount of allowed mesh elements in subse-

quent time steps, in dynamic situation was variable 

and included within the limits of from 117 to 145. 

The obtained mesh is a basis for an analysis of 

a situation in a restricted area and the obtained  

15 cm 
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Fig. 5. Experiment results (time step 3): a) A* algorithm, b) SACO algorithm 

        

Fig. 6. Experiment results (time step 16): a) A* algorithm, b) SACO algorithm 

        

Fig. 7. Experiment results (time step 34): a) A* algorithm, b) SACO algorithm 

        

Fig. 8. Experiment results (time step 51): a) A* algorithm, b) SACO algorithm 

a) b) 

a) b) 

a) b) 

a) b) 
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neighborhood matrix is used for constructing 

a transition graph, which in turn makes up a basis 

for route determination and optimization. 

As mentioned above, two methods of route de-

termination were used: 

– A* algorithm; 

– SACO algorithm. 

The results of the experiments are presented in the 

figures 5–8. 

The time that was required to designate the 

trajectory was an average of 71 milliseconds for A* 

algorithm and 9 seconds for SACO algorithm. 

As it can be seen at the figures (5a–8a) the op-

timal trajectory was always found. This is not an 

unexpected fact because the A* algorithm has the 

guarantee of optimality. 

At the figures (5b–8b) the use of SACO algo-

rithm is presented. In these experiments there was 

always possible to find a path but it can’t be called 

the optimal. In addition, the time needed to find the 

trajectory was very long. This is because the SACO 

algorithm is not able to find the optimal path due  

to it’s probabilistic character. Anyway, this is an 

interesting alternative and should be researched. 

Conclusions 

The aim of this paper was to present the problem 

of navigation in restricted area. A proposal of the 

methodology is described. First of all there is 

a need to generate a mesh. Authors proposed the 

use of trapezoidal mesh which leads to create the 

graph of all possible paths. After obtaining the 

graph, two methods of the shortest path search were 

used. 

The investigations lead to the following conclu-

sions: 

– the basic advantage of trapezoidal mesh creation 

algorithm is short operation time and the con-

struction of elements along to eliminate cases 

where fragments of two areas are located in one 

mesh element; 

– only the path found by the A* algorithm can be 

called as a optimal; 

– the time it takes to find a path through the 

SACO algorithm is very long, this algorithm 

can’t be used to find the path in the real-time 

applications; 

– this article treats only about the test situations, 

so there is a need to further research, having re-

gard to real conditions (e.g. variable speed of 

objects, weather conditions etc.). 

The obtained results provide a starting point for 

further investigation which goal is to conduct safely 

a ship from the point of departure to destination in 

restricted area. 
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