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STRATEGIC CONTROL LEVEL FOR INDUSTRIAL
ROBOTIC CONTACT TASKS
SESLIJA, D.
Abstract: Increasing the level of production in a flexible way with large amount of
differences in lot sizes, products and order of production, became a nightmare for
many of industrial engineers. Enabling automated performance of specific
production cell intended for such a diverse production conditions requires a lot of
research efforts. New manufacturing paradigms are being researched and developed
since the last decade of the 20th century. Intelligent manufacturing systems, "holonic
manufacturing system", "agent-oriented manufacturing system" and "Self Organising
Complex Flexible Assembly Systems" or Bionic Assembly Systems are some of them.
They were enabled thanks to the development of production systems theory that lay
the ground for such paradigms. Automation is the key driver of the transformation of
production for the future needs. These chapter is concerned with the development of
such an automated, robotic production cell equiped with industrial robots, pneumatic
and hydraulic components, sensors, PLCs and other parts of complex robotic cell.
Particularly, the structure and development of the strategic hierarchical control level
applied in complex robotic production cells is shown..A control structure for the
robot able to assemble and machine parts in a flexible robotic cell is presented. Tasks
such as deburring, grinding, engraving, cutting and assembly demonstrate
appropriate contact tasks for such a cell. An expert system is proposed and several
production rules are given as an example. In this chapter, efforts have been made in
the direction of the development of a new generation of industrial robotic controllers
with enhanced capabilities.
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1. Introduction
The large majority of industrial engineers works at manufacturing companies,
and many have specific areas of specialization, such as assembly, raw-product
processing, or automation of processes. Since the core of an industrial engineer’s job
is the proper allocation of resources and making production processes a reality,
increasing the level of production in a flexible way with large amount of differences
in lot sizes, products and order of production, became a nightmare for many of them.
Many research efforts are done in order to enable automated performance of specific
production cell intended for such a diverse production conditions.
Some new manufacturing paradigms, which take advantage of the newest
emerging mechatronics and IT technologies, and integrate them in a highly dynamic
and agile technical, organizational and economic manufacturing environment, are
being researched and developed since the last decade of the 20th century (Colombo,
Schoop & Neubert, 2006). They are referenced as intelligent manufacturing systems
(IMS), both the "holonic manufacturing system" (HMS) and the "agent-oriented
manufacturing system" and, from the other side, "SelfOrganising Complex Flexible
Assembly Systems" or Bionic Assembly Systems (Katalinic & Kordic, 2001;
Katalinic et al., 2012). They were enabled, to a great extend, thanks to the
development of production systems theory that lay the ground for such paradigms
(Zelenovic et al., 1995; Zelenović et al., 1998; Tomović et al., 1990; Šešlija, 1988).
Those paradigms have been presented in recent years as the basis for making such
systems an industrial reality.
In order to realize such paradigms it is necessary to apply a high level of flexible
automation. Automation is the key driver of the transformation of production for the
future needs. All production activities should be a careful balance between a fixed
and a flexible automation. Flexible Automation pushes for set up times reduction to
enable wide mixes of components, exploiting such equipment as robots, and
machining centers. The main impact refers to design (parallel layout, machining
centers, Flexible Machining Systems) and the method adopted in the use phase like
unmanned, centralized control (Jovaneet al., 2003). Industrial robots, AGVs,
pneumatic and hydraulic components, sensors, PLCs are usual parts of complex
robotic cell. The term complex robotic cell refers to robotic cells that consume any
other type of energy in addition to electricity, such as compressed air, hydraulic oil,
etc. (Ignjatović et al., 2013). But, today industrial robots are not useful for many
necessary manufacturing tasks. Some of the reasons include complex configuration,
nonintuitive (for the shop floor) programming, and difficulties instructing robots to
deal with variations in their environment, etc. So, two actual challenges in order to
bring to reality above mentioned paradigms, concerning industrial robots are task
definitions and definition of motion control based on external sensors (Blomdell et
al., 2005). Task definition is deeply connected with the purpose of robotized
production cell. In this chapter is paid attention to the flexible automated production
cell that uses industrial robots and other programmable equipment capable of
performing various contact tasks as well as some of assembly tasks.
Manipulation requires contact with the object being manipulated or contact of
manipulated object (machining tool) with the stiff environment. Robotic tasks can be
classified into two categories: unconstrained and constrained motion. Unconstrained
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motion occurs when the manipulator is instantaneously free to move in any direction
without contacting the environment. Examples of such tasks include spray painting
and visual inspection. Constrained or contact task motion occurs when the
manipulator interacts with its environment through a point or multiple points of
contact (Erickson et al., 2003). Tasks such as deburring, grinding, engraving, cutting
and assembly demonstrate contact tasks. Some of them are simple (like spot welding)
but lots of them are rather complex (deburring or assembling). Control of such tasks
could not be realized in the usual manner. Precise contact force realisation appeared
to be of main importance for successful operation. This led to force control problems
(Vukobratovic et al., 2001). The full potential of industrial robots can only be
realized when they are applied to contact tasks.
One of the difficulties in performing contact tasks is that they require close
dynamic interaction between the robot and its environment. That interaction changes
the performance of the robot and can jeopardize the stability of its control system
(Hogan, 1988). Compared with their robotic counterparts, humans excel at various
tasks by using their ability to adaptively modulate arm impedance parameters. This
ability allows human operators to successfully perform contact tasks even in
uncertain environments (Kim et al., 2010). The term impedance is used here in the
general sense of a dynamic relation between two variables whose inner product is
power, e.g., as a generalization of the common electrical engineering term meaning a
dynamic or frequency-dependent resistance (Hogan, 1988).
One of the limiting factors in the application of industrial robots for contact
tasks is the capability of their control systems. Most of the commercially available
industrial robots are equipped with standard control units (controllers) that are
restricted to the position control. Functional constraints, as well as the limitations of
computer architecture do not allow the implementation of effective control strategies
based on force sensors. Modest computer capabilities, low development potential,
and insufficient documentation on the controllers, hinder more significant
improvements of the capabilities of industrial controllers to notice the changes in the
environment that are essential for contact task execution, and act accordingly.
To overcome this problem, significant efforts have been made in the direction of
the development of a new generation of robotic controllers with enhanced
capabilities. In (Caccavale et al., 2005), the interaction control schemes suitable for
implementation on industrial robot units are presented with the focus on impedance
control and parallel control, which are conceived to manage the interaction with a
more or less compliant environment without requiring an accurate model thereof.
Particularly interesting direction is concerned with the problem of defining functional
models and reference architectures for modern control systems (Jocković et al.,
1990). Here, the emphasis is on forming a frame for integrating different complex
control concepts.
Although the set of tasks requiring strong interaction with the environment is
very large, the use of industrial robots on such tasks is still low due to control
difficulties (Lopes & Almeida 2008; Love & Book, 2004; Olsson et al., 2010).
Proposed in this chapter is a concept of an advanced hierarchical control system
particularly dealing with the structure of the strategic control level for the industrial
robots able to deal with assembly as well as robotized machining.
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2. Multilevel Robot Control
The control architecture provides the instructions for creating the connections
between the elements of the control system, such as the modules for task
decomposition, and treatment of data obtained from sensors. There are two basic
approaches to solving complex tasks of robot control: hierarchical and distributive.
They do not exclude each other, i.e. certain parts within a distributive system may be
organized hierarchically and vice versa.
A robotic control system usually represents a multilevel hierarchical structure
with the strategic, tactical, and executive levels (Jocković et al., 1990; Katić, &
Vukobratović, 1994). In fact, these levels are based on the principle of increasing
accuracy with decreasing sophistication. Within this structure, the highest level is
concerned with the function of defining and planning the system tasks, whereas the
lower levels (tactical and executive) carry out the control in a narrower sense. An
especially good property of such control system structure is that each functional level
has a distinctly and fully defined purpose of existence, which implies that the
relationships between the neighboring hierarchical levels are also clearly defined.
Strategic level ensures the autonomy of robot functioning, by formulating the
strategies for the preset goals. The structure of this level is presented in detail in
Section 3, and here is only pointed out that the rate of operation at this level is
expressed in seconds, and that this level is fully separated from lower levels, being
also outside the main control cycle.
Tactical level transforms the commands related to the task level, obtained from
the strategic level, into detailed commands concerning the trajectories, and forwards
them to the lower, executive level. The main task of this level is, in fact, reduced to
trajectory planning. At this level is also performed the mapping from the external
coordinate system (the coordinate system of the robot gripper) to the joint coordinate
system. The frequency of operation execution at this level is of an order of magnitude
of one millisecond, ensuring thus enough time for detailed calculations.
Executive level carries out transformation of the commands defining the
trajectories into the actuators responses. In principle, this is realized by using the
feedback control loop on the basis of information obtained from the internal sensors
at the joints, or force sensors. The rate of operation execution at this level is
expressed in parts of a millisecond.
Such type of hierarchical structure ensures the basis for an open-architecture
control system because the frequency range with exactly specified outputs is defined
at each level. Any additional connection of the system may be categorized according
to the expected effect on the outputs of the subsystems and response time of the
elements to which it is attached.
Contemporary functional control architectures are usually hierarchically
organized into several control levels, each of them using a variety of different control
techniques. Hierarchical control is not novelty in robotics. It has been extensively
used in military applications, in the domain of economics, and recently, especially in
the development of Computer Integrated Manufacturing (CIM) systems. One of the
first protagonists of the hierarchical structure of robotic control systems was Albus
(Albus et al., 1981). Afterwards, a number of different hierarchical control concepts
have been proposed (Albus et al., 1989).
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3. Structure of the Strategic Control Level
The strategic control level generates the goals and strategies for their attaining, the
result being the realization of the overall (global) goal. At this level, the robot can
generally realize the following tasks:





planning of the trajectory in the presence of obstacles
planning of forces to be exerted by the robot’s end-effector (gripper/tool) on the
object in the working environment
coordination of the work of two or more robots
optimization of the time of the robot’s motion between the given positions in the
space (under optimization we understand not only the trajectory minimization
but also the coordination with the processes in the environment, as is the case in
welding, assembling, or machining).

The above problems have received attention of many researchers, and a number
of approaches assuming various models of the robot and environment, as well as the
corresponding algorithms, have been proposed (Lozano-Perez et al., 1984; Katić, D.
2006).
Among the tasks allocated to the strategic level of robot control there are robotic
assembly and planning of the force to be exerted by the robot gripper, as it has been
presented in (Šešlija & Vukobratović, 1998a). In the same work, a solution to the
strategic control level has been proposed, primarily oriented towards solving the
control problems when the time is limited, as is the case with two-hand manipulation.
In the case of the robot application in contact tasks, it is especially important to
model the robot-environment system in the contact phase, as inappropriate forces
(impact, the resistance force in cutting larger than the expected one, etc.) may cause
damaging of either the tool, robot or the environment, workpiece or the holding tool.
Also, a high-quality robot control, in the sense of effective following of the trajectory
and exact realization of desired forces on the environment, is of great importance in
the processes of robotized machining, as it ensures the desired quality of machining.
Under quality we understand here not only the dimensional accuracy but also the
quality of the processed surface – smoothness.
If we consider a flexible robotized cell for assembly and machining it can be
noticed that the dynamics of the process of robotized assembly differs from the
dynamics of the robotized machining. Also, in the machining processes there are a lot
of differences in the dynamic behavior depending on the type of processing, sort of
the material involved, and some other task characteristics.
It is obvious that one robot model and one control law cannot provide optimal
solutions to the problem of robotic control in the different contact tasks. It is
necessary to take into account specific features of each contact task that can be
realized in the considered cell and choose the appropriate control law.
To overcome the above problems, a new solution to the strategic control level
for industrial robots in contact tasks is proposed. The strategic level given in
(Jocković et al., 1990) can be taken as a good basis for the synthesis of the strategic
level of industrial robot control in contact tasks. As the robot movements in these
tasks are relatively slow and the trajectories are mainly defined in advance, and there
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is no need for avoiding obstacles, time is not a limiting factor. So, the tasks of
particular sublevels are somewhat different from those given in (Jocković et al.,
1990), which is evident from Figure 1.
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Fig. 1. Structure of the strategic control level for industrial robots in contact tasks
For choosing the appropriate robot model and control law in dependence of the
type of contact task, sort of material, tool employed, etc., proposed is the use of an
expert system at the strategic control level, incorporated into the first sublevel, and
whose functions are:
Communication with the user, whereby either the operator or the production control
level supplies data on the type of procedure (machining/assembly), kind of the process for
the chosen procedure (milling, chamfering, surface cleaning, assembly, etc.), sort of
material, desired trajectory, type and characteristics of the tool, and to the production control
level are forwarded data about the process carried out in the cell.
Defining the robot that will carry out the operations of machining/assembly, as it is
assumed that the strategic control level is of modular type.
The main function of the expert system is the choice of the appropriate control
algorithms on the basis of the rules from the knowledge base and data base. It follows
from the above that the expert system plays a key role in thus structured strategic control
level, and the subsequent sections will be concerned with a bases for the development of
such a system.
First sublevel of the strategic control level is based on the expert system that
communicates with the module for communication with the user, module for task
decomposition, and with the knowledge base and data base. Also, it transfers the
results of its work to the second sublevel. The expert system for its operation requires
the knowledge base and data base. For the functioning of the expert system it is
necessary the both bases be supplied with a sufficient number of rules and amount of
data.
The knowledge base, whose structure is presented in Figure 2, consists of the
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rules for choosing the appropriate control algorithms, generated on the basis of
theory, simulation, and experimental research. It contains a set of rules grouped
according to the process they are related to, forming thus the basis for the expert
system functioning.
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Rules for assembly
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RULE 1m
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.........
.........

41
42
43
44
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Fig. 2. Structure of knowledge base for strategic control level
The data base (Figure 3) consists of several sublevels of data necessary for the
functioning of the expert system: model of the environment, data on the
environmental parameters, control laws, robot characteristics, characteristics of the
working environment, elementary trajectories, characteristics of the technological
process.
The model of the environment is important for the synthesis of force-control
laws. A number of models have been proposed in the literature, starting from the
simplest one (kinematic model), where the environment is simply considered as an
obstacle, a constraint to motion, without taking into account its dynamic
characteristics, through simple forms of the environment model of stiffness or
damping type, to a general form of impedance model. Apart from these linear models
of the environment, nonlinear models have been introduced, as it has been
experimentally established in (Šešlija & Vukobratović, 1998b). In addition to
stiffness, it is also possible to model damping in a nonlinear form, and, of course, it is
possible to have various combinations of the linear and nonlinear models (Katić,
2006). The choice of the model of the environment is not completely independent of
the choice of control law. For example, in the traditional hybrid control (Raibert &
Craig, 1981) the environment is taken as a kinematic constraint, which means when
this control law is chosen, a kinematic model of the environment should be
associated, which is not the case with other control laws. As it has been shown in
(Vukobratović & Ekalo, 1996), such modeling is theoretically possible to apply only
to the simplest cases of a planar manipulator with two degrees of freedom with
translational joints, as traditional hybrid control ignores completely dynamic coupling
between particular degrees of freedom, both for the position-control directions and
force-control directions.
The data on the environmental parameters contain the values of the parameters
of mass, damping, and stiffness, that are used in the models of the environment and
are related to concrete materials that are machined in the cell, kind of the process
(cutting, milling, polishing, etc.), and characteristics of the tool employed.
The data base contains a set of different control laws that can be applied for
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tasks carried out in the flexible robotized cell, and some other control laws can also
be included in this base.
The software system that realizes the strategic control level is designed so that it
can easily be adapted to the different manipulators. This is achieved by updating the data
base segment containing data about the applied manipulator. When the existing robot is
to be replaced it is necessary to enter the data about the structure of the new robot,
geometric and dynamic parameters, then about the actuators parameters, and data on the
end-effector employed. All the data needed for the model formation are calculated
automatically and put into the corresponding bases.
Also, every new technology procedure has to be split into elementary actions
and put into the base of elemental moves and activities.
The data base contains data on positions in the external coordinates for all the
relevant devices and characteristic points of the environment, necessary for the cell
operation. The trajectories are generated as straight lines between the defined points, and
in the case the straight lines connect some points outside the robot working environment
or they come across an obstacle, additional points are defined to enable its bypassing.
The environment is defined by the operator in an off-line procedure in the interaction
with the robot. If some changes occur within the flexible robotized cell, such as adding
of some new devices, it is necessary to enter their characteristic positions into the data
base.
In addition to data about the robot and positions within the cell, the data base
should also contain the data concerning the technological procedure of the workpiece
processing, such as the desired speed of cutting, desired forces of machining,
maximal allowed deviations from the trajectory, desired surface quality, time
allocated to the operation, etc.
Characteristics of a contact task are determined by the work order given by the
operator, provided the robotized cell is not part of a larger automated production
system, or is obtained in the frame of CIM from higher control level – the cell group
control level, or directly from the control level of the production plant as a whole.
The work order arrives to the input of the block for communication with the
user. The work order contains data about what is to be done, in what amount, and by
what time. This module contains always information on the cell state, with three
possibilities: a) Cell in work: machining the product xxx, scheduled finish time yyy;
b) Cell free, and c) Cell in down-time state.
When a new work order has arrived, for this product and the defined technology,
this module takes from the database the technological time of machining, multiplies it
with the necessary number of product, and checks if the task can be realized to the
scheduled time. If these conditions are fulfilled, the processing of the work order in the
cell begins. The data obtained from the work order are forwarded from this module to
the expert system and the module for task decomposition.
In the module for task decomposition, the data on the sort of material and
machining type (i.e. on the sequence of operations in assembly processes) are
decomposed into the elemental moves to be carried out by the robot, such as
movements (trajectories) and activities (put on, put off, wait for some condition, etc.),
and the other devices in the automated cell such as automatic screw - drivers, presses,
or conveyors. This module also determines the sequence of operations. The structure
of the computer program is formed as a combination of elementary operations
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programmed in advance. This is possible to realize for a predefined environment,
which is the case in the industry.
Up to now, the problem of adopting the appropriate robotic control law at the
strategic level in various contact-type tasks, has been mainly solved partially, for
particular cases. Here, we propose the synthesis of the strategic robot control level for
the different contact tasks which, using the artificial intelligence method (expert
system), would make decision on the control algorithm involving contact of the robot
with the environment is to be applied in the given technological procedure of
machining or assembly. In this way, an attempt is made to automate generation of the
control strategy for a robotized cell, capable of performing both assembly and
machining.
For the development of the expert system, on the basis of theoretical
considerations, a series of experiments, and simulations, it is necessary to generate
the rules of the appropriate algorithm of robotic control for the tasks involving
contact with the environment.
Second sublevel is concerned with the trajectory planning on the basis of the
results supplied by first sublevel.
Third sublevel deals with improvement of the expert system operation on the
basis of the comparison of the actual behavior of the robot with the solution given by
the expert system. In the subsequent robot applications in contact tasks the obtained
data can be used to model better the real robotic behavior. In this segment we
envisage the use of neural networks which would be trained using the data obtained
with the applied control laws and, on the basis of the training, propose the choice of
the most suitable control law for the given materials, i.e. for the change of gain if
necessary (Katić, 2006). Besides, here is collected the statistics on the realized
technological operations (tasks) and analyzed the efficiency of the applied control
laws.
In this way we completed the description of the operation of the proposed scheme of
robotic control at the strategic control level in contact tasks. The next section gives
several examples of the rules derived on the basis of simulation of the robot dynamics
in machining processes, to provide a more straightforward explanation of how the
strategic control level really works.
4. Examples
On the basis of the contact task type, i.e. the kind of machining/assembly, sort of
the material, characteristics of the robot employed, and the characteristics of the
technological procedure, the expert system should determine the appropriate control
strategy and, depending on the model chosen, to carry out (if necessary) additional
adjustments of the necessary parameters (e.g. adjustment of the position gain or force
gain, Kp or KF).
The expert system is based on the application of production rules of the type
IF… THEN…, and can, on the user’s request, give explanations on the obtained
conclusion (why this particular control algorithm has been chosen) by presenting the
rules that have been used. For example, one of the rules is:
RULE21
IF (machining is carried out) AND
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IF (machining involves change of the material)
THEN (start machining of the most stiff material first)
EXPLANATION: Because of the impulsive change of the force when it comes to machining of a higherstiffness material in the machining involving changes of material, it is recommended that the machining
begins from the end of the more stiff material.

For the given rule example there are two possible ways of activation, i.e. of
obtaining the stiffness value. One is to obtain the stiffness parameter from the
decomposition module together with the technology, and the other way assumes the
expert system directly uses the data base and, for the obtained information on
material obtains from the data base the corresponding stiffness parameters. The
second variant assumes that, for the given materials the expert system data base
contains data on their stiffness values.
For the development and formation of the expert system data base it is necessary
to study thoroughly the existing models of robot behavior in contact tasks, their
advantages, shortcomings, and limitations. In this way it is possible to generate the
production rules similar to those given above, and introduce them into the knowledge
base of the expert system. This is actually the most difficult part in forming the expert
system; it is most time-consuming as for obtaining only one rule it is often necessary
to carry out a number of extensive experiments or simulations. Here is presented
several more rules with the aim to explain better the way of functioning of the
proposed strategic level of robotic control in contact tasks. By the above rule (rule
No. 21), only the approaching trajectory and the direction of machining have been
determined. The following rules serve to choose the control law.
RULE22
IF (machining is carried out) AND
IF (machining involves change of the material)
THEN (apply control law (2))
EXPLANATION: In the material processing by cutting, such as leveling of the joint of two materials, it is
essential to have the exact workpiece dimensions, so that is recommended to use the control law
predominantly involving position-control, as defined by the expression (2) from the data base given in Fig. 3.

After being chosen in this way, the control law is forwarded to lower control
level for realization. However, the knowledge base contains the following rule:
RULE23
IF (machining is carried out) AND
IF (machining involves milling) AND
IF (aluminum is machined)
THEN (it is not possible to apply control law (2))
EXPLANATION: On the basis of the simulation results for the robot dynamic behavior in milling, it has
been established that in aluminum machining using control law (2), higher stiffness values cause this control
law be incapable of controlling effectively the penetration force at the desired level, as this force can have
very large oscillations, with maximum values exceeding even 80 N (Šešlija & Vukobratović, 1998b).

If one of the machined materials is aluminum, and the machining involved is
milling, than the rules 22 and 23 conflict with each other. For resolving such
conflicting situations it is necessary to propose some new rules. The possibilities are
either to change the technology and carry out machining by cutting (if there are
possibilities for this), or, to apply a control law stabilizing dominantly force (as is the
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Fig. 3. Structure of the data base for the strategic control level
case with the control law given by expression (5)), but in this case it is necessary to
introduce some additional rules. The presented examples clearly illustrates what are
the problems to be solved by the designer of an expert system for the strategic level
of industrial robot control in contact tasks.
5. Conclusion
In this article is proposed a hierarchical concept of robotic control in contact
tasks. For a flexible robotized cell we propose the control structure with three main
levels (strategic, tactical, and executive), special attention being paid to the strategic
level. Proposed is the introduction of “intelligent” control using methods of artificial
intelligence. Three sublevels are proposed for this strategic level, and a key part of
the first sublevel is an expert system for the determining of the control law. Besides,
the modules for task decomposition, as well as the second sublevel of the strategic
control level, which is concerned with trajectory planning and supervising of the
execution of the task as a whole, play, also, a significant role. Several examples of
production rules, generated on the basis of the robot dynamics simulation in
particular contact tasks, are given. Method proposed in this chapter optimizes the
performance of the contact tasks in uncertain or changeable conditions of the
environment.
Further studies should:

explore deeply the real forces acting between different tools and different
materials during robotic contact tasks,
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adequately model the robot control parameters in order to better complain with
particular environment characteristics and
find more adequate rules for particular cases of robotic contact tasks in order to
better bring in practice envisioned strategic control level.

Further studies should, also, take into account the problem of robot motion in a
free space (contact-free motion), and especially the phase of the occurrence of contact
(i.e. impact) with the workpiece surface. This is a special research problem requiring
deeper studies. In addition to the problem of machining in a flexible cell, assembly of
parts represents also a wide research field.
These chapter proposes only a concept of the strategic control level and
discusses only in general the structure of each level. In the further work it will be
necessary to work out in detail both the input and output formats, as it has been
proposed in (Albus, McGain, & Lumia, 1989) and to embed other known principles
of industrial engineering mostly linked to sustainable production like improving
energy and material efficiency into the highest level of strategic control.
Besides well known principles of reducing electric energy, potentially very
fruitful avenues for further research is to ensure good energy efficiency of other
energy sources in robotic production cell like hydraulic energy or compressed air
energy. As it is shown in (Ignjatović, Komenda, Šešlija, & Mališa, 2013), there is a
lot of tricky questions related to the sequence and techniques of energy optimization
in robotic production cell. Also, due attention should be paid to reusing of
compressed air (Blagojević, Šešlija, & Stojiljković, 2011; Blagojević, Šešlija,
Stojiljković, & Dudić, 2013) in pneumatic part of complex robotic cell and leakage
reduction (Dudić, Ignjatović, Šešlija, Blagojević, & Stojiljković, 2012). Material
efficiency should also be accounted for because for the most materials used to
provide buildings, infrastructure, equipment and products, global stocks are still
sufficient to meet anticipated demand, but the environmental impacts of materials
production and processing, particularly those related to energy, are rapidly becoming
critical (Allwood, Ashby, Gutowski, & Worrell, 2011). Having in mind those
principles and techniques interesting problem will be to create and embed in strategic
control level appropriate rules for adequate control of processes in robotic production
cell. Concerning all the mentioned issues, several conclusions regarding refocusing of
time and energy for improving industrial engineering higher education can be drawn.
In future curriculum development for industrial engineering and in practical
realization, especially on master and Ph.D. level, following should be obeyed:




insistence on applying systematic approach in developing new solutions for
production problems as well as for solving problems in operation of factories,
developing conceptual thinking of students with taking in account multiple sides
of concerned problems,
not focusing on pure data rather on putting data in appropriate contextin order to
draw conclusions useful for the control of processes.
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