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Abstract.  This article discusses the frequency control systems of an asynchronous electric drive with 

various types of observers that are promising for the movement mechanism of the bridge crane trolley. As a 

result of the analysis of existing control systems for asynchronous motors, it was revealed that the most 

relevant for use at the object under consideration is a system with direct torque control. To improve the 

classical control system, it is proposed to introduce a state observer into it. Sensorless control systems, in 

comparison with other systems, make it possible to reduce the dimensions of both a separate mechanism 

and the device as a whole, and reduce its cost. The use of observers leads to an increase in the reliability of 

an object without complicating its design. For the functioning of systems of this type, only data from the 

current and voltage sensors built into the frequency converter are used. 

1 General information 

Lifting machines, which include cranes, are the objects 

of common use. Efficiency of operation of each 

mechanism of the crane depends on the control system 

[1-15]. 

In this paper, the mechanism of movement of the 

trolley of an overhead crane is considered, on which an 

asynchronous motor with a squirrel-cage rotor controlled 

by a frequency converter is installed, the control system 

used is direct torque control. 

Systems with direct torque control allow for high-

quality regulation of a number of indicators, featuring 

high speed. To increase the reliability of the classical 

system of direct torque control, it is proposed to 

introduce state observers into it. 

The observer is a structured object, the principle of 

which is the estimation of an unknown parameter 

according to measurable data without installing 

additional sensors. 

Based on the studies carried out, it was revealed that 

observers are relevant for consideration from different 

positions: 

- non-adaptive; 

- adaptive;  

- full-order observers. 

1.1 Electric drive cycle 

At the initial stage, a standard system for direct torque 

control of an induction motor in the Matlab environment 

was assembled. For modeling, a typical cycle of the 

electric drive of the crane trolley was adopted.After 

loading the load onto the mechanism, the cart with the 

load moves to a given point. Further, after unloading, the 

empty cart is returned to its original position. Thus, first, 

the loaded (by 20% of the rated torque) electric drive 

accelerates at a given rate to the rated speed (I, VI), 

which is maintained for 1 second (II, VII), after which 

the electric drive is decelerated (III, VIII) until it stops 

completely (IV, IX). Then the load is shed (V), and this 

process is repeated, but already for idle, because the cart 

returns to its original position without load. The presence 

of the intensity generator provides limitation of jerks, 

accelerations and smooth movement during acceleration 

and deceleration, which is one of the main requirements 

for the electric drive of the crane trolley. The simulation 

results are shown in Fig. 1. 

 

Fig. 1.Graphs of the speed and torque versus time for the direct 

torque control. 
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1.2 System with a non-adaptive observer 

The A mathematical model in the Matlab environment of 

a system with direct torque control is presented; 

containing a state observer is shown in Fig. 2. 

 

Fig. 2.Sensorless control system. 

2 Systems with different types of 
observers 

2.1 Systems with a non-adaptive observer 

A non-adaptive observer is the simplest type of observer 

in structure, in which the estimation of unknown 

quantities is based on the mathematical description of an 

induction motor in a fixed coordinate system. The 

presence of speed in the rotor voltage equations allows 

you to determine its value through the values of other 

variables. The block diagram of a non-adaptive 

observer is shown in Fig. 3, its implementation in the 

Matlab environment is shown in Fig. 4. 

 

Fig. 3.Structural diagram of the observer. 

 

Fig. 4.Simulation model of a non-adaptive observer. 

In fig. 5 shows the blocks for setting the initial 

parameters and coefficients. 

 

Fig. 5.Parameter blocks. 

2.2 Adaptive Observer System 

An adaptive observer is an adaptive system with a 

reference (master) and adaptive models. Models can be 

obtained from the mathematical description of a squirrel-

cage induction motor in a fixed Cartesian coordinate 

system. Often, the stator model is taken as the reference 

(master) model, and the rotor model is taken as the 

adaptive model. The structural diagram of the adaptive 

observer is shown in Fig. 6, its implementation in the 

Matlab environment is shown in Fig. 7. 

 

Fig. 6.Structural diagram of the observer. 
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Fig. 7.Adaptive Observer Simulation Model. 

2.3 Full-order observer system 

In full-order observers, the engine itself is taken as the 

reference model, and the Full Order Observer (FOO) is 

the adaptable model. The full-order observer model is 

based on a system of equations describing 

electromagnetic processes in an asynchronous motor in a 

fixed α-β coordinate system.  

The block diagram of a full-order observer is 

shown in Fig. 8, its implementation in Matlab is 

shown in Fig. 9. 

The structure of the blocks of calculated coefficients 

is shown in Fig. 10. 

 

Fig. 8.Transition process of the torque. 

 

Fig. 9.Full-order observer simulation model. 

 

Fig. 10.Transient process of the speed. 

3 Simulation results 

3.1 Direct torque control with a non-adaptive 
observer 

Transient processes in the angular speed of rotation 

frequency and electromagnetic moment in the system 

without an observer and with a non-adaptive observer 

are shown in Fig. 11, 12. 
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Fig. 11.Angular speed graph. 

 

Fig. 12.Electromagnetic moment graph. 

The simulation results prove the robustness of the 

implemented observer, since the observed values are 

determined quite accurately, the advantage of this type 

of observer is the simplicity and clarity of its 

interpretation, for the observer to work, only data from 

the stator current and voltage sensors are sufficient. 

3.2  Direct torque control with adaptive observer 

Transient processes in the angular velocity of rotation 

frequency and electromagnetic moment in the system 

without an observer and with an adaptive observer are 

shown in Fig. 13, 14. 

 

Fig. 13.Angular speed graph. 

 

Fig. 14.Electromagnetic moment graph. 

Based on the simulation results, it can be seen that 

the presence of low-frequency oscillations in the speed 

estimate signal leads to high-frequency torque 

oscillations. Therefore, this type of observer, although it 

provides work in the area of low and zero speeds, 

however, due to the presence of oscillations in the torque 

signal, cannot be used in the system. 

3.3 Direct torque control with full order observer 

Transient processes in the angular velocity of rotation 

frequency and electromagnetic moment in the system 

without an observer and with an adaptive observer are 

shown in Fig. 15, 16. 

 

Fig. 15.Angular speed graph. 

 

Fig. 16.Electromagnetic moment graph. 

It can be seen from the graphs that the quality 

indicators of the control system with the developed 
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observer of a complete order satisfy the requirements for 

the electric drive of the crane trolley. 

4 Conclusion 

On the basis of the simulation modeling, the advantages 

and disadvantages of various methods for constructing 

observers are revealed. The implemented sensorless 

control systems fulfill the required operating mode, 

providing smooth acceleration and deceleration of the 

electric motor, have a high speed of response and 

increased reliability. 
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