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Astract 
 This paper intends to answer the question 
about minimal set of topologic marks and their 
properties that are sufficient for independent path 
planning of a robot from a start to a goal position. 
The answer is supplied by a space model 
classified as a cognitive space model because it 
reminds of a human’s space model. The cognitive 
space model can be divided into parts called 
districts. At any moment a mobile robot is able to 
define what it sees from the current position. This 
definition consists of identification and properties 
of objects and events. In addition, global space 
properties and events are calculated. The object 
that is estimated as the closest object to a robot 
has a special status  because the danger of 
collision with the closest obstacle is the most 
probable. Any visible object/obstacle can be 
chosen as a focus object thus being given special 
attention. During the motion the goal is 
continuously monitored and its status is updated. 

 
1. MOTIVATION 

A human’s perception of a space that 
surrounds him is not determined in terms of 
numbers. We describe distances, lengths and 
relations in terms of descriptions that are not very 
precise and have more than one meaning, but still  
these descriptions reflect the "real" world very 
well. For example, to describe a position and 
orientation, a man does not use coordinate 
systems. The position and orientation of an object 
are described by its relation to other objects that 
surround it and depend on the position and 
orientation of a person that produces the 
description. The main benefit of that approach is 
that complex navigation devices are not 
necessary and, as we know, such devices 
designed by biological systems do not exist. 
Instead of such complex navigation devices, a 
cognitive model of the world has been developed. 
Although the cognitive model is not as accurate as 
numerical approach, it can be realized in a much 
simpler way and is very effective, as shown by 
human evolution. 

Anyone who would like to program a mobile 
robot today must have some specialist 
knowledge. This is because a robot’s perception 
of the world that surrounds it is quite different from 
a human’s perception of the same world. As long 
as this difference exists, the application of robots 
will be limited. Robots will work in manufacture as 
industrial robots because it is possible to cover 
great expenses of their maintenance  and 
programming. Robots will also work in some 
special applications (military, underwater 
research, space and planets research), because 
the economic component is not dominant in these 
areas. But for now, it is not feasible to use robots 
in our homes with limited budgets and knowledge. 
If you have a robot and ask an average person to 
program it in a variant of BASIC,  you can not 
expect acceptance and understanding if the task 
is expressed as "Go to the coordinate (1572, 
2390), then move on the radius 6327 around the 
center (4972, 3150), with referent coordinate 
system RKS1784X2.". But if the same task is 
expressed as "Come to the entrance of the house 
behind you, and then go around the house", it will 
be acceptable and understandable for the majority 
of ordinary people. Of course, the task defined in 
such a way is very imprecise and will result in a 
great number of solutions. During the execution of 
the  task defined in such a way, some other 
processes will be activated, such as a previous 
experience of performing the same or a similar 
task, in order to compare and control the process. 

This paper investigates how to describe a 
robot’s environment to look like a human’s 
description, in order to accomplish a symbolic 
goal of robot movement. The description of the 
robot’s environment is cognitive, with no accurate 
definitions, scales and coordinate systems. The 
main hypothesis is that it is possible to define a 
finite number of the environment properties that 
would enable the identification of the robot’s 
position and orientation (space description) and 
the planning and control of the robot motion to a 
desired goal. 

 
2. PREVIOUS WORK 

Perhaps the best overview from this area is 
given in [1]. On 40 pages and 121 literature 
references the authors systematically explain 
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ideas of space mapping. The basic classifications 
of space maps are metric maps and topologic 
maps. In the past works. most researchers 
preferred to work with metric maps. There are two 
reasons for that. The first reason is that searching 
path methods were adapted to the metric map of 
space, and the second reason is that measuring 
devices on the robot gave a numerical result of 
measurement which could be easily  included in 
the metric model of the space. 

Although we have not given up the metric 
description of the space, there have been different 
answers to the question: "How to keep in mind the 
world we are moving in?" Some ideas come from 
the animal world. By observing animals and 
humans we can be quite sure that even very 
simple organisms build some models of the world 
in which they live and move. In the literature item 
[2] this is called "internal world model of 
navigation" and in the work [4] it is called "mental 
space". Because of biological realization of these 
models, it can be concluded that they belong to 
the class of topological models. Instead of 
defining each space element, only characteristic 
points and their interconnections are marked. 
Moving paths are defined by the sequence and 
types of moving from one place to another. In that 
way, a simple and short description of moving 
through the space is obtained. The main 
advantage of the topological space mapping is 
that we do not need either metric sensors or the 
conversion of their results into a referent 
coordinate system. In fact, we do not need any 
referent coordinate system; we need only referent 
topologic marks. But what we need now are 
methods and procedures that are able to extract 
topologic properties from the available information 
(most often from visual data), and relate them to a 
space model. Furthermore, the question is what is 
a set of good topologic marks that describe a 
space well and at the same time are free from 
unnecessary details and redundancy? 

In the work [3] some additional artificial marks 
are added to the world. These marks are only 
used for identification and are not a part of any 
natural process. Although this approach seems to 
be impractical, if we look at the world around us, 
we will see that our world is full of these special 
marks (traffic signs, finger-posts, advertising 
signs, etc.). But if these special marks do not 
exists, and sometimes they could not exist, we 
need to use objects in the space (walls, doors, 
passes, etc.) as topologic marks. 

The work [5] introduces an idea called "view-
based navigation". The decision on a movement 
is based on the information from the actual 
viewing instead of on the world model (a map). 

Several pieces of basic information are extracted 
from the actual picture. According to their 
relationship and the relation to the goal 
(estimation of angles and distances), the next step 
in moving is decided on. The main motive for that 
kind of reasoning is the fact that even creatures 
with obviously limited mental abilities (insects, for 
example), can plan, move and reach a simple 
goal. 

The problem of car driving is dealt with in [6]. 
The presented algorithm is divided into six steps. 
The fifth step deals with the identification of 
objects, their properties and events. The whole 
space description is organized for a process of car 
driving, therefore adequate space objects are 
selected (vehicles, traffic signs, horizontal signs, 
etc.). It is estimated that for a successful car 
driving, a space model should have up to 1,000 
elements, and the number of object properties 
should be up to 7,000. The whole process of car 
driving will have approximately 1,000 situations 
and 10,000 model states. 

 
3. INTRODUCTION 

The purpose of this paper is to find a set of 
environment properties that will permit position 
and orientation identification of a mobile robot, 
with the intention of robot path planning to reach a 
goal. Since the physical realization of that task 
would require massive financial investment and 
would lead to additional technical problems which 
are beyond the limits of this research, the method 
verification will be done by the process simulation.  

In order to simplify the simulation, the whole 
process will be verified in two-dimension space. 
Obstacles are set as closed polygons. The 
important thing for path solving is that these 
polygons may be concave. Details on obstacles 
are defined by the polygon vertex and sides and  
can be identified in the process of environment 
recognition. In the technical realization, a vision 
system would have a task to scan the 
environment and recognize objects and details on 
it. 

The mobile robot is rounded, with dimensions 
that are comparable to the obstacles and free 
passes among them. The robot can move 
forward-backward, left-right and turn-left, turn-
right. During the robot movement simulation, a 
possibility of collision in the next robot step is 
checked, therefore the step is not allowed if there 
is a collision prediction. The robot movement 
simulation is carried out in an adequate 
coordinate system by the methods of numerical 
mathematics. 
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Figure 1 Space where the robot moves set by obstacle identification and divided in districts 

 
4. SPACE DESCRIPTION 

For the simulation purpose, the space where 
the robot moves must be known. But if there is 
some obstacle in the robot path, which is not 
known to the robot, it will see such an obstacle, 
but it will not recognize it. Each obstacle has its 
own local identification sign (in this case it is 
simply a number), but it is possible to assign any 
name to each number (car, house, tree, etc.). An 
obstacle is defined as a polygon by a set of 
points. These points are connected in the order in 
which they are given, and they make a close form 
(the last one is connected by the first one). That is 
why it can happen that a polygon has concave 
parts. Concave forms on objects make the 
environment description and path finding more 
difficult. Figure 1 is a typical environment in which 
the robot will move. 

The robot movement will always start from the 
figure center (home position). There is also a 
center of the coordinate system for the simulation. 
It means that the robot initial state is known. 

The goal definition can be set in two ways. 
The simpler one is defined by some object or 

some detail on it. For example, the goal can be 
vertex 3 on obstacle 5, or side 1 on object 8. But 
the goal could also be defined in an abstract way, 
e.g. the space "between" obstacles 5 and 8. In 
that case, it is much more difficult to report that 
the goal has been reached. 

Space objects/obstacles and the goal are set 
in the space configuration file. During the robot 
movement simulation it is necessary to check a 
possibility of collision between the robot and any 
obstacle. Such a task has to be performed before 
the next step execution. The collision is checked 
according to the exact mathematical model, not 
according to the picture representing the model. If 
there are a lot of obstacles in the space, collision 
checking will be a hard job. To make this task 
easier, the whole space is divided into smaller 
units called districts. The district dimension is 
constant and is a compromise between the 
amount of required calculation and the computer 
memory. It is necessary to determine which 
obstacles form a part of each district. The robot 
checks on the collision with the obstacles 
belonging to the same district as the robot does.  
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Figure 2  Description of the robot situation 
 
Additional collision checking is performed with 

the obstacles which belong to districts that 
surround the robot district (because of the 
transition from one district to another). 

 
5. SITUATION DESCRIPTION 

Figure 2 shows a typical situation of the robot 
space. The robot is always in the figure center 
and it always shows the front robot space. As the 
robot moves, the "front" space also changes. It 
means that figure always shows what the robot 
see of the entire space. The robot movement is 
defined and limited by its design and dynamic. In 
such case the robot has two wheels with 
independent power and one caster wheel. 

The robot can see its environment up to some 
distance (according to its current position). The 
range of watching can be described by several 
values that can be seen in the group "View 
range", Fig. 2. The distance range values are: 
Close, Mid, Far and Very Far. Amounts of these 
and other parameters are set in the space 
configuration file and expressed according to the 
robot dimension. The range of the environment 
viewing could be changed during the simulation. 
Also, the range marks can be either visible or not, 

depending on the "Draw Ranges" box mark. The 
simulation parameters, such as the robot 
coordinates (x, y), orientation (fi) and geographic 
orientation mark (Dir) can be seen in the ROBOT 
group. There, one can also see in which district 
the robot is currently (District) and which 
obstacles are in the viewing range behind it (I 
see). 

After each robot step, the environment is 
identified by a kind of radar scan. This scanning is 
a substitution for a vision system on a real mobile 
robot. The scanning starts from the right to the left 
side of the robot viewing area by the increment of 
5°. The scanning distance is defined and limited 
by the sign "View range", Fig. 3. The result of the 
environment scanning is the information 
determining the obstacle distance, obstacle 
identification (name), identification of the obstacle 
detail (side mark) for each direction. At the bottom 
of Fig. 2 one can see the result of the 
object/obstacle identification for each viewing 
direction. The accuracy of distance estimation 
depends on the real distance. If some obstacle is 
closer, the distance estimation is better and vice 
versa. This is the way how a human estimates 
distances. 
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Figure 3  The environment scanning 
 
When all data from the scanning process are 

collected, a list of obstacles that are "in front" of 
the robot and which it can see is formed. 
Additionally, data from the environment scanning 
are used for building each object properties and 
for defining properties of the whole situation on 
the global level. In Figure 3, some of these 
properties can be seen for three objects. 
The first specific object/obstacle is the nearest 
obstacle because we always pay attention to it. 
The main reason for that is a simple fact that there 
is the greatest possibility that we will collide with 
the nearest obstacle. The nearest obstacle 
properties can be seen in the group labeled with 
"NEAREST OBSTACLE", and these properties 
are updated automatically by each robot step. 
As we move, we almost always pay attention to 
some special object in the environment, no matter 
whether we use it as a global mark or we use it as 
a finger-post to the goal. The identification of such 
an obstacle and its properties can be seen in the 
group labeled with "FOCUS OBSTACLE". We can 
select it any time by "clicking" it with the mouse 
left button. 

The third specific object in the space in which 
we move is certainly the goal. Its properties can 
be seen in the group labeled with "GOAL". The 
goal reaching status (the last line in the "GOAL" 
group) can be the following set: NOT VISIBLE, 
OBJECT VISIBLE, VISIBLE FACE (i.e. the 
defined detail on the goal object)  and REACHED. 

 

6. OBJECT AND SITUATION PROPERTIES 
Each object in the robot viewing space can be 

described by a set of properties. These properties 
tell us the relation between the robot and the 
object/obstacle. In the real situation these 
properties will be the result of the vision system 
information, realized by a system of independent 
agents. Table 1 defines a set of the object 
properties according to the mobile robot position 
and orientation. Some properties have a numeric 
estimation (sign * in Table 1). 

The name of each property explains its sense. 
But the property "Face" needs additional 
explanation. If the goal is set only with the 
identification, it is too general. Therefore it is 
necessary to set some detail (mark) on the goal 
object to make a more precise goal definition. 
Each object/polygon consists of sides and a 
vertex, therefore these details are chosen for a 
more precise goal definition. Because polygon 
vertices are much smaller then the polygon sides 
(vertices are points), it is very difficult to detect 
them by the idea shown in Fig. 3. The only, details 
on the object that can be practically detected are 
polygon sides. Each polygon vertex is defined by 
a number, and each side has the same number as 
the vertex before it. The example of the polygon 
detail identification (with no concave parts) is 
shown in Fig. 4.  Direction 0 means "in front of the 
robot", directions left are counted positive, 
directions right are counted negative. 
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Table 1  Object properties and a set of possible values 

Object properties  Set of values 

Identification  <Name> 

Distance * very close, close, medium, far, very far 

Direction * trough left, left, front, right, trough right,     back left, back, back right 

Size * very small, small, medium big, big, very big, surrounds us 

Face  <object details> 

Visibility  all, left side, central part, right side, by parts, not visible 

FOV position  on left edge, on right edge, on left and right edge, not on edge 

Overlapped  <obstacle identification> 

Left pass * no pass, very narrow, narrow, medium, wide, open 

Right pass * no pass, very narrow, narrow, medium, wide, open 

Approach  free, attention, not possible 

Speed  rest, very slow, slow, medium fast, fast, very fast 

Speed direction  toward us, tow. us right, toward us left, from us, from us right, from us left 

Collision danger  no danger, small, medium, great, very great 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 4  Detail identification on a polygon 

 
From that kind of description it is possible to 
determine, for example, a direction of the vertex 3. 
It is on the direction where the side 2 changes to 
the side 3, i.e. in the direction 1.5x5°=7.5° (5° is a 
scan resolution). The direction of the whole side is 
determined by the direction of its geometric 
center. If a polygon side is too long, the geometric 
center of that side will describe its direction too 
roughly. In such case it is possible to set the 
polygon vertex on the polygon side, dividing the 
side into  smaller (shorter) parts more suitable for 
a precise mark direction definition. For 
determining the direction of any temporary visible 

object it is possible to use a function/agent called 
FindDirection (Obstacle, Mark, Type). Also, from 
the object detail identification it is possible to find 
directions of left and right object sides. This 
information is important if we decide to move 
beside the object. According to Fig. 4, the left side 
of the obstacle is in the direction 5.5x5°=27.5°, and 
the right side of the obstacle is in the direction  
7.5x5°=-37.5°. 
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Table 2  Properties and events of the global situation 

Global properties Set of values 

View obstacles <obstacle identifications> 

Nearest obstacle <obstacle identification> 

Focus obstacle <obstacle identification> 

Goal obstacle <obstacle identification> 

Events Set of values 

Goal status not visible, visible object, visible face, reached 

Objects appear <obstacle identifications> 

Objects disappear <obstacle identifications> 
 
If the robot would like to know its current 

position, the estimation of this information is 
derived from a known space model. In addition to 
the relation recognition between the mobile robot 
and each object, it is necessary to know relations 
between obstacles that the robot sees. These 
relations can be seen from the properties of 
obstacles (Visibility, Left pass, etc.), but is not 
enough. That is why we need to define relation 
properties between two or more obstacles, and 
also properties and events of the global situation, 
Table 2. 
 
7. EXAMPLE 

Let the robot space be defined by 21 objects 
as shown in Fig 1. All definitions of viewing 
ranges, robot dimensions, etc. are set and known. 
Table 3 describes properties of some 
objects/obstacles and global events and 
properties. The mobile robot position is (50, 141, 
150) which means that the robot looks from the 
district (0, 0) to the south. The mobile robot radius 
is 16 units, and the view range is set to Far, which 
means to 21 robot radii, i.e. 336 units. 

From the obstacle properties it is visible that 
there is a great danger of collision with obstacle 5, 
which is on the robot’s left side and is at a very 
close distance (estimated 16 units, or one robot 
radius). But if my goal is object 2, which is on the 
right side, one could conclude that the robot can 
turn to the goal and approach it. Other two visible 
obstacles (3 and 4) are relatively far and at that 
moment they have no influence on the decision of 
the robot movement. 
Since the goal is on the right edge of the robot 
viewing space (FOV – field of view), i.e. it is not 
visible to the full, all conclusions are of lesser 
importance. To increase the conclusion level, it 
will be necessary to rotate the robot to the right 
before any robot movement. This rotation will 
have no effect on any distance from the robot to 
obstacles; therefore the collision danger will not 
change. But after the robot rotation, the whole 

goal is visible and any conclusion will have 
stronger roots. 

From the global properties and events it is 
clear that according to the previous robot step, 
obstacle 4 appears in the robot viewing space. It 
is at the mid distance (estimated 184 units) from 
the robot, and only its right side is visible (side 4 
and vertex 1). The rest of the object 4 is 
overlapped with object 5.  A direct approach to 
object 4 is not possible. If the robot wants to move 
around object 4, starting from its right side, there 
is a narrow pass (estimated 25°). The collision 
danger with obstacle 4 is small.  

 
8. CONCLUSION AND FURTHER WORK 

For building a good space topologic map it is 
necessary to extract each object and describe its 
adequate properties. Beside that, an estimation of 
the global situation and events in the robot 
viewing range would be very useful. Such a space 
model would permit the robot path planning to the 
goal. The robot movement description would be 
short and not too precise. For the movement 
execution, the mobile robot should have additional 
instructions about the types of moving. The same 
as with humans, instructions of global movement 
do not change significantly, but the types of 
moving can change and be improved in time by 
some kind of learning process. In that way the 
robot moving can be more like human moving. 
Additionally, it means that the robot space 
perception is more like human space perception. 
In such a situation, the interaction between a 
robot and a human becomes very simple, and the 
robot is well accepted by the users with no expert 
knowledge because it is not necessary to ask the 
question "How does it work?" 
In addition, according to the proposed model, a 
robot would have the ability to estimate its position 
in the space. This estimation would be expressed 
by topologic details, together with the district and 
geographic orientation. Further work in this area 
includes the automatic robot path planning 
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according to space properties, events and goal 
reaching. For that purpose some modifications of  
the current space model will be required. 

The end goal of this work is to find a model of the 
robot moving among obstacles to the goal in the 
completely same way as a human. 

 
Table 3  Objects, global properties and events for the situation in Fig. 2 

Object properties Object 

Identification 2 3 4 5 

Distance very close / 24 mid / 176 mid / 184 very close / 16 

Direction very right / -63 front / -13 left / 30 very left / 62 

Size mid / 60 small / 30 very small / 5 mid / 60 

Face 111111111222 333333 4 333333333333 

Visibility all all right side all 

FOV position on right edge not on edge not on edge on left edge 

Overlapped 0 0 5 0 

Left pass wide / 65 narrow / 25 no pass no pass 

Right pass no pass no pass narrow / 25 wide / 65 

Approach free free not possible free 

Speed 0 0 0 0 

Speed direction 0 0 0 0 

Collision danger great small small very great 
 

Global properties  

View obstacles 2, 3, 4, 5 

Nearest obstacle 5 

Focus obstacle 3 

Goal obstacle 2/ side 1 

Global events  

Goal status face visible 

Objects appear 4 

Objects disappear  
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