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Hageneno HelipoHe4iTKy cucTeMy YNPaBJiHHS KPAHOM /ISl KePYBAHHS PO3XUTYBAHHAM
BaHTaKYy MNiA 4ac pyxy Kpany. Po3riassHyro ocHoBiHi mpoduemu, siki BUHHKAIOTh Mix 4ac
Po3po0JiIeHH CHCTeM YNPAaBJiHHA 3 BHKOPUCTAHHAM TpaauniiipHux Moneseil ynpaBJIiHHSA.
Takox npoananizopano ocHoBHi npuHuunu nodyaosu III/[ koHTpoaepiB, ixHi nmepeBaru Ta
HeJOJIKH TOPIBHAAHO 3 HEYIiTKMMM cHCTeMaMH YNpapJiHHA. Po3risiHyTo iHTeleKTyaJbHi
CHCTEeMHM YNPaBJiHHA Ta iIX 3aCTOCYBaHHSl /Jif MNOAAIBIION0 BHKOPHCTAHHSI Mix w4ac
PO3po0JIeHHS CUCTeMH YIIPaBJIIHHA KPaAHOM.

KalouoBi cioBa:moprajbHMii KpaH, CHCTeMa HEYiTKOIO BHBeIeHHH, HeHpPOHeYiTKUii
KOHTpoJIEp.

In this paper afuzzy-based crane control system for managing load swings during crane
movement is presented. It isreviewed the main difficulties of constructing control system using
traditional control models. Additionally, principles of construction PID controllers and their
advantages and disadvantages over fuzzy systems are analyzed. I ntelligent control systems and
their appliance arerevised for further usagein crane control system.

Key words: gantry crane, fuzzy inference system, neuro-fuzzy controller.

Introduction and analysis of theliterature

The most impressive feature of human intelligence is the ability to make correct decisions in
conditions of incomplete and fuzzy information. Construction of the models that reflect human thinking
and their use in computer systems today is one of the most important problems in science.

Artificial intelligence that easily copes with the tasks of managing complex technical objects was
helpless in such simple situations. For creating intelligent systems that can adequately communicate with a
person needed a new mathematical tool to translate controversial statements in the language of strict
mathematical formulas. Fuzzy logic is very useful in cases of high accuracy and repeatable operations
when people might be stuck or even not able to perform such operation.

Let we have crane and we need to carry some object from point to point in the shortest time. The
main problem in moving object via crane is the emergence of swinging it that leads to performance
degradation, increasing transportation time and reliability of gear could cause an accidents.

One of the ways to improve efficiency of process of a control system is based on the using of human
experience and the fuzzy modeling that used controller based on fuzzy logic and allows considering the
adverse effects, caused by system nonlinearities.

Therefore, it is necessary to predict and to provide measures for the suppression of these swinging.
Then based on fuzzy model predict power that will be applied to the crane depends on elapsed distance and
swinging angle to eliminate swinging at the destination point [1].

Statement of the problem
The main objective of this work is analysis of classical control systems as that are based on PID
controllers and intelligent control systems as that are using neuro-fuzzy controllers. As a result of this
analysis, it was decided to use neuro-fuzzy approach for developing crane control system. Crane control
system based on fuzzy logic can employ crane operator knowledge for controlling load during it
transportation from point to point. Such a control system gives a possibility to automate crane management
process and no longer depend on human factors as exhaustion, oscitancy and other.
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The difficulty of constructing control systems
The difficulty of constructing control system defines by complexity of control object. The basic

complicated features of control object are the following [2]:

Lack of mathematical description. No algorithm for computing state of the object by observations
its inputs (controlled and uncontrolled) and the observed state of the environment.

Indeterminacy (stochasticity). It is mainly caused by the object complexity and associated with it
numerous secondary processes that are neglected during the construction of a mathematical model.

Non-stationary. It appears in drifting of the object characteristics.

PID controllers: principles of construction and modification

One of the main elements included to the control system is automatic controller-device that alters or
stabilizes the output value of a control object by defined algorithm in a way of affecting on its input value.

Controllers divide to the extreme and stabilization according to one of many classifications. Extreme
controllers can be used in objects that are characterized with extreme static characteristic which position in
the coordinate space drifts over time depending on external influences. The most widely used stabilizing
controllers.

Stabilizing controllers are classified to integrated (I), proportional (P), proportional-integral (PI)
proportional-differential (PD) and proportional-integral-differential (PID) depending on the type of control
functions. Control law is formed with feedbacks. It determines the type and quality of the transition
process in the automatic control system with the given dynamic properties of control object.

Consider the control law and dynamic characteristics of the controllers [1].

P and PI controllers cannot prevent the expected control deviation reacting only on already existing
deviation. There is a need for a controller that would be produced additional control action proportionally
to speed deviation of controller value from the defined value:

m =1,% (1)
dt

Such control action is used in differential and PID controllers. PID controllers affect the object
proportionally to deviation of controlled value, integral of this deviation and controlled value change rate:

1 de
m =ke+—Cpdi+T,— (2)
T, 3 dt
PID controllers are universal by their possibilities. It is possible to get any control law using PID

controllers.

Advantages and disadvantages of PID Controllers

PID controllers that have been described above have poor quality attributes in controlling of non-
linear and complex systems and in the case of lack of information about the control object. In these cases
controller’s features can be improved by using fuzzy logic, neural networks and genetic algorithms
methods. These methods are also called as “soft-computing” that is emphasizing their difference from the
«hard-computing» methods because they can operate with incomplete and inaccurate information.
Combination as fuzzy-PID, neuro-PID and neuro-fuzzy-PID controller with genetic algorithm can be
applied to one controller. The main disadvantage of neural networks and fuzzy controllers is their time
consuming tuning, creating fuzzy rules or neural network training [2].

I ntelligent control systems
Intelligent control system is a system capable to «understanding» and learning in correspondence to
control object, disturbances, external environment and working conditions. The main difference of
intelligent systems is a mechanism of systemic knowledge processing. Mechanism of knowledge receiving,
storing and processing for implementing control functions is a main architectural feature that distinguishes
intelligent control system from traditional.
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The following two common principles are the base of intelligent control system creating:
Situational control. Management based on the analysis of external data, situations and events.
Use of modern information technology of knowledge processing.
There are several modern information technologies for creating intelligent control systems:
Expert systems.
Artificial neural network.
Fuzzy logic.
Evolutionary methods and genetic algorithms.
The concept of intelligence is based on:
Ability to work with formalized human knowledge (expert systems, fuzzy logic).
Inherent human ways of learning and thinking (neural networks, genetic algorithms).
Structurally intelligent control systems contain additional units that perform system knowledge
processing based on those information technologies. These units can be performed either as add-on
conventional controller with properly adjusting its settings or directly include them to the control circuit [3-5].

Application of intelligent control systems
The most significant reasons of intelligent control systems spreading are:
The special qualities of intelligent control systems including low sensitivity to changing of
parameters of control object.
The synthesis of intelligent control system with the applications of modern hardware and
software support is often simpler than traditional ones.
There are cases where the use of intelligent control system acquitted and gives the best results:
Regulatory system for which the control object model is determined only qualitatively or it is not
available at all.
As add-on for traditional systems for providing them adaptive properties.
Simulation of human operator actions.
Organizational management system of top levels (strategic and tactical).
The arecas of efficient use of classical, neural networks and fuzzy control systems according to

control object are shown in Fig. 1.

-

3

Almaost nothing

Fuzzy systems

Information about object

Full

.
-

High

Object complexity

Fig. 1. The areas of efficient use of different control systems

The use of a hybrid approach as a combination of classical control methods, fuzzy logic and neural
networks allows creating control systems effective in a range of situations that is why the limits of different
approaches shown in Fig. 1 very relative [6, 7].
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Fuzzy-based crane control system

Crane installations are used for moving load within a given path. Usually a professional operator
supervises this task. During this process, the cargo may swing in a pendulum-like motion. If the swings
exceed an adequate limit they must be reduced or task must be interrupted until the swings stop. One of the
ways to improve control efficiency of such kind of process is using an automated control system which is
based on operator knowledge of crane management [8, 9].

Swings adjusting is based on controlling of the two main input parameters as the angle relative to the
vertical axis of the cargo and cargo position relative to the start/end point. As a result of investigation of
different fuzzy inference systems (FIS) T-Controller system is selected for further development of neuro-
fuzzy based crane control system. T-Controller is the FIS that uses fuzzy logic rules for an adequate
assessment of the power that supplied to the input of the crane. Rules are formed on the formalization of
knowledge and professional experience of the experts of certain industry [8].

Analysis of operator's actions show that the operator uses some “rules of thumb” to describe his
management strategy [10]:

Start with a medium power.

If you're still far from the destination point, then adjust the engine power so that the cart has
become a little more far for the "head" of the crane.

If you are close to the destination, it is necessary to reduce the speed so that cart got a little ahead
of the cranes “head”.

When the cart is very close to the destination, provide the minimum engine power.

When the cart has reached its destination and swinging is zero, turn off the engine.

The automated crane control system is shown in Fig. 2. It visualizes the power applied to the load at
the corresponding angle and position point. Crane movement process can be simulated using Euler and
Runge-Kutta methods that are used for solving differential equation of crane motion.
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Fig. 2. Generated data by Euler method

Conclusion

Today, fuzzy logic items can be found in many industrial products such as electric trains control
systems or military helicopters appliances. Active fuzzy logic consumers are the bankers and financiers, as
well as experts in the field of political and economic analysis, which everyday tasks require to make the
right decisions in difficult circumstances of unpredictable market. They use a fuzzy system to create
models of various economic, political and stock situations.

Logistics systems give a possibility to use the experience and the results of experiments to provide
much effective solutions for many widespread problems. They do not replace nor compete with traditional

61



control methods. Fuzzy logic extends the ways of implementation of automated control methods that are
used in applications and adds the ability to use observations in system management. A simple example is a
gantry and bridge cranes that use fuzzy inference system can provide a clear and simple solution to the
problem that much more difficult to be solved using traditional management methods.

Fuzzy-based crane control system uses linguistic rules based on crane operator knowledge for
managing cargo swings during crane installation work.
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Sour ces of methodical measur ement errors of immitance parameter s of biological tissues
are described. Modeling measur ement errors of RC-par ameters of biological tissues equivalent
circuits into the frequency range is analyzed. Recommendations on the choice of test signal
frequency for measurement of these elementsis provided.
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range.

Introduction

The method of bioimpedance is widely used in the diagnosis of human physiological state,
monitoring of chronic diseases and the evaluation of body composition [1, 2]. This method is non-invasive,
relatively inexpensive and simple of implementation.

There are different methods of bioimpedance analysis depending on the purpose of using, methods
of implementation, the frequency range. The main methods are the method of using a single frequency of
the test signal, multifrequency method, bioimpedance spectrometry, analysis of bioimpedance of the whole
body and individual segments [3]. Condition of the human body as a whole or its individual tissues is
evaluated by monitoring the temporal changes or comparison the parameters of impedance or admittance.
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One of the promising methods of bioimpedance analysis is to determine the condition of human tissues by
calculating the parameters of the biological tissues electrical equivalent circuit and comparison of these
results with specific parameters [4, 5]. Since these measurements must be made with high accuracy, the
analysis of measurement errors of impedance parameters (admittance) and elements of circuits of
biological tissues in a frequency range is important.

The main errors of bioimpedance measurements are instrumental and methodical errors. The most
studies are focused on analysis of instrumental errors. Researchers analyze error of impedance
measurement and errors of its active and reactive components in the frequency range [6, 7, 8]. Researchers
pay much attention to methodical errors that arise from the impact of near-electrode effects [9, 10]. It is
therefore important to consider methodical error of measurement of individual elements parameters of
biological tissues equivalent circuits.

Relative errors of measurement of admittance and capacitance C depending on the sampling
frequency and time measurement are analyzed in the work [11]. The results of research showed that the
measurement error of capacitance C can linearly increase or decrease on individual frequency of the test
signal. Admittance measurement error decreases with increasing duration of measurements. However,
studies of two-element equivalent circuit (parallel connection resistance and capacitance) were conducted
on specific frequencies (100 kHz, 1 MHz, 10 MHz, 100 MHz) and not in the frequency range.

The results of elements measurement of biological tissues equivalent circuit in different
environments of the experiment are discussed in the paper [12]. Measurement of RC-elements parameters
of two-element biological tissues equivalent circuit was conducted in the frequency range of 100 Hz to
1 MHz. The results showed that measurement error in-vitro is higher than for measuring in-vivo. And its
dependence on the frequency of the test signal is not linear throughout the frequency range. Calculation of
methodical error was carried out by comparing the measured parameters of biological tissues models with
the relevant parameters for living tissue.

The measurement of impedance (admittance) or parameters of individual elements of biological
tissues equivalent circuit is carried out using the most widespread equivalent circuits: Cole model (Fig. 1,
a) and Freke-Morse (Fig. 1, b) [13, 14]. That’s why analysis of the relative measurement error of RC-
elements in a wide frequency range is important.
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Fig. 1. Electrical equivalent circuit of biological tissues: a — Cole model; b — Freke-Morse model

Resistance R, and capacitance C characterize the upper layers of tissue and resistance R,
characterizes the inner layers of tissue.

The abject, purpose and objectives of the study

The object of investigation is mathematical model of biological tissues equivalent circuits.

The aim of the research is measurement errors assessment of parameters of biological tissues
equivalent circuits in the frequency range.

In accordance with this goal the following objectives are highlighted:

1. Definition of mathematical expressions for measurement errors assessment of RC-element of
known biological tissues equivalent circuits.

2. Assessment and analysis of errors in the frequency range.
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