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Abstract. The contemporary industry requires that every element of a production line will fit
into the global schema, which is connected with the global structure of business. There is the
need to find the practical and effective ways of the design and management of the production
process. The term “effective” should be understood in a manner that there exists a method,
which allows building a system of nodes and relations in order to describe the role of the
particular machine in the production process. Among all the machines involved in the
manufacturing process, industrial robots are the most complex ones. This complexity is
reflected in the realization of elaborated tasks, involving handling, transporting or orienting
the objects in a work space, and even performing simple machining processes, such as
deburring, grinding, painting, applying adhesives and sealants etc. The robot also performs
some activities connected with automatic tool changing and operating the equipment mounted
on the wrist of the robot. Because of having the programmable control system, the robot also
performs additional activities connected with sensors, vision systems, operating the storages of
manipulated objects, tools or grippers, measuring stands, etc. For this reason the description of
the robot as a part of production system should take into account the specific nature of this
machine: the robot is a substitute of a worker, who performs his tasks in a particular
environment. In this case, the model should be able to characterize the essence of
"employment" in the sufficient way. One of the possible approaches to this problem is to treat
the robot as an object, in the sense often used in computer science. This allows both: to
describe certain operations performed on the object, as well as describing the operations
performed by the object. This paper focuses mainly on the definition of the object as the model
of the robot. This model is confronted with the other possible descriptions. The results can be
further used during designing of the complete manufacturing system, which takes into account
all the involved machines and has the form of an object-oriented model.

1. Introduction

Over the years, the role of industrial robots has changed in a meaningful way. Originally intended
solely for manipulation, robots began to more actively participate in the production process, taking
over the activities associated with work in hazardous environments (high temperature, fumes, etc.).
This was mainly such works as painting of large surfaces (e.g., automobile sheets), welding and
soldering, sandblasting etc. Nowadays the robots also carry out minor metal works like deburring,
drilling, grinding or milling. Modern control systems allow using advanced vision systems, scanners,
and tool changers. These entire features cause the robots increasingly replace a man at his workplace.
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For this reason, their model must be considered in a similar way as a “worker” on a production line —
more universal than any other machine and performing with different tools.

One of the possible methods of description of the robot’s model is to treat the robot as an object in
the virtual space. The paper discusses the main assumptions of the mentioned method as well as
compares it to the others, existing methods of modelling.

2. Basics of the method

At the beginning of the 21st century, the methods based on agent systems began to grow in popularity
[1-3]. Although the concept of an agent was already known, it had not significant practical application.
It was the dynamic development of information technology that has caused a significant growth of
interest in the subject among researchers. Nowadays agent systems are common, especially in IT
solutions [3]. They are also used to model phenomena in human or animals populations that may be
further adapted to the needs of robotics — particularly for control of mobile robots group. In this
context, the return to the concept of the object as a model of the robot seems a bit archaic, but it is a
deliberate action, because agents are — more or less — the natural development of the object model.
One of the most important features that characterize an agent is its fit in a particular environment [4,
5]. Referring this property to the machines, we could say that the agent intended for cold environment
cannot act in the hot one; the agent intended for terrestrial use cannot fly etc. The agent is also
considered as an autonomous, so its interaction with the surrounding world depends on its internal
“intelligence”. As a contrast, the object is more universal and general description. It is often depended
on the other objects, so it cannot be considered as autonomous. The communication between object
and the environment is rather determined, but sometimes the object is a “dumb” formation, which does
not interact with its surroundings. The more differences that distinguish objects from agents are shown
in the table 1.

Table 1. Some differences between objects and agents.

Property Agent Object
Environment specific undefined
Level of abstraction higher (strict description) high (general description)
Inheritance not precluded from some form commonly used
of inheritance
Autonomy autonomous related
Type/class notion none commonly used

The distinction between the agent and the object becomes clear when we ask about the role, which
the object should to fulfill. For example, if someone has a transport company, he also has trucks. The
trucks could be of different types, like dump truck, platform, container, refrigerator truck etc. He also
could have some busses to transport people. Speaking broadly, we see that this man has some vehicles.
If we want to describe these vehicles as an object, we could define the class vehicle and create the
several objects that are distinguished by purpose (figure 1): for example container_truck, bus or
minibus. Every object will be a child of vehicle class and will inherit its properties and methods — the
examples of properties could be a color, engine type or vehicle mass, while the example methods
could be drive, engine start etc. Treating the vehicle as an agent is slightly different. Considering the
definition of the agent, we should treat every vehicle as an autonomous subject. In that way, it is easy
to see what the agent could “say” about itself, or better — what the driver of the particular vehicle could
say. We could collect the information such the position of vehicle, if it is duty or free, the amount of
fuel, failures etc. The information could be stored in the management center, which — in turn — will
collate them with the customers’ demands (figure 2). The lines correspond to the communication
abilities of each agent — it could send messages not only to the center, but also to the other agent.
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Figure 1. Simple illustration of object tree. Figure 2. Simple organizational scheme of agent-

based system.

As it can be seen, the basic distinction between the agent and the object depends primarily on
approach [3, 6, 7]. It is therefore possible to treat an object as a base for creating the agent. This
property will be used in further part of discussion.

3. The Object as a Model of a Robot

In the earlier discussion, the robot has been identified as the most complicated part of the production
line. For this reason, it is difficult to find the right model that describes the robot in a universal way.
Of course, the agent model could be taken into consideration: it contains all the information needed to
specify the type of robot and control it. On the other hand this model applies only to the specific case
and the concrete environment. In practice, the idea is to make the model of the robot as general as
possible. The further upgrade of the model — making it more detailed — will be possible by adding
more elements to an existing “skeleton”. This approach corresponds to the application of model in the
form of object [8-11], along with the implications in the form of inheriting of properties and methods.

Assuming that the object is basically the set of properties and methods (equation (1)),

0=1{P,M}, ©

where the P stands for properties and M for methods, we could create the class named Robot in a
similar way (equation (2)), adding the name attribute that distinguishes the particular robot from others

Robot = {P,M },
name e P.

(2)

The properties and methods can be used within the meaning of features that characterize a particular
model of the robot, but it is difficult to use them at a high level of generality. It must be recognized
that, in principle, it is impossible to choose all the features of an industrial robot at the stage of
planning the production process. In this case, we can rely on the scope of activities that the robot will
perform and use them as the basis to define the subsequent requirements. Speaking in a very general
way, the kinematic chain of the robot could be the representation of the properties, while the control
system could represent the methods.

4. Building an Object-based Model of a Robot
The first stage of designing of the production line, when the particular task is assigned to the particular
machine (equation (3)):
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f:T — Mch 3)

where T is the set of tasks and Mch the set of machines. Assuming that some tasks will be realized by
the robot or by the group of robots, we should assign the task to the robot (equation (4)):

Jte(T,cT)A3r e(RcMch): ft,r) (4)

where T is a subset of tasks that are realized by robot, R is a set of robots and go(t, r) means that the

task t is realized by robot r.

At this moment, the tasks are assigned to the robot (or robots), but the sets of properties and
method of the Robot class are empty. In order to accomplish the task we should fill the set of
properties P and set of method M in the manner that (equation (5))

‘v’[(reR)/\(teTR) EI[(peP)/\(meM)]:(p(t,r) (5)

where T, €T is a subset of tasks realized by the particular robot. The equation 5 is based on
assumption that the robot could realize the tasks from the Ty subset (see equation (4)).

5. Relationship Between Real Robot and its Object-based Model

As a result of conduction of the operations mentioned in the previous section, the complete model of
the robot is obtained in the form of the object, but depending on the assumed level of details, the
resulting models will differ.

! Robot
Object —> | Stationary robot | Mobile robot
Method —> |+ manipulation transport
I
[ - , |
Property — Six axis arm ‘ SCARA
Property —> | Electricdrive
- Vo 4 D
i ~ \\\f /
Method — (m::lr\:ierjtcjlllgtgion) -
- /
Maximum load
Property — 6ke OBJECT MODEL REAL ROBOT

Figure 3. Simplified process of building the object-based model and its reference to real
robot, [12-13].
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Successive stages of assignment of another attributes leads to the complete characteristic of the
robot. After completion of the process, the generalized model of the robot is obtained. In fact, due to
its specific role and fit in a particular environment, this model can be seen as an agent. The final phase
of the whole process is selection of a particular model of the robot from a specific manufacturer
(figure 3).

6. Conclusions

Considering the production process we should pay attention to the things that are important on
particular stage of designing the production line. First of all it is essential to define the types of
machines that are involved in the whole process. Next the properties should be considered and
eventually the way of communication (in the meaning of “language”) between all of the devices.
Because of its features, the robot should be seen as the very versatile machine that resembles the
worker. For this reason, it is difficult to develop a model that will describe various application of the
particular robot. In this paper the object-based approach was presented, as the one of possible ways of
covering this problem.

The method shown in the paper, proposes the creation of abstract class named Robot, which could
represent a real robot that acts in the production process. Further objects, which are created, are based
on this class and equipped with the appropriate attributes and methods that allow fulfilling the specific
tasks. The model, which is obtained in this manner, represents a hypothetical robot involved in the
considered manufacturing process. Such a description is closer to the concept of an agent than an
object, but the process leading to a final model is different — in the case of the object we are dealing
with the evolution of the model and the creation of new forms based on previous results (inheritance).

The future use of the developed form of the robot’s model could be connected with designing of
manufacturing systems or robotized cells, using selected aspects of agent theory and object-oriented
description.
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