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Abstract  
 
The article discusses a method for determining the linear velocity of a locomotive based on the use and conversion of 
automatic locomotive signals, taking into account the shortcomings of existing systems using a distance sensor, velocity 
sensor and GPS. 
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1. Introduction 
 

Ukraine has got one of the largest railway networks in Europe, which handles a significant part of freight and 
passenger flows, and the favorable geographical location of Ukraine in the center of Europe creates a transport corridor 
between the countries of Europe and Asia, which is developing at a very fast pace. 

Railway transport takes a leading place in the general transport system of Ukraine. Increasing the efficiency of 
railway transport is closely related to solving the problem of increasing speeds and safety in freight and especially in 
passenger traffic. Increasing train speeds is one of the most important tasks in improving operational work and developing 
railway transport in all industrialized countries of the world and in Ukraine in particular. The high-speed movement of 
passenger trains allows to reduce the time spent by passengers on the trip and thereby improve the quality of transport 
services. Thanks to these and other advantages over other modes of transport, high-speed communication is becoming an 
economic and environmentally friendly part of the global transport system. 

To ensure the safety of train traffic and assess the work of the driver along the route, it is necessary to determine 
the linear velocity of the locomotive as accurately as possible. The high accuracy of measuring the linear velocity allows 
to correctly calculate the braking distance, the length of which depends on the square of the velocity, to determine the 
current coordinate or the distance traveled, which is especially important when the train is running within the station, 
including when it stops on a limited section. Having information about the linear velocity of the locomotive, it is possible 
to reliably identify the skidding and skid modes, which will allow to quickly perform actions that prevent the occurrence 
of these actions. 
 
2. Research Results 
 

Currently wheel track and velocity sensors (TVS) are mainly installed on locomotives to measure velocity and 
distance. They are attached to the wheel axle of the locomotive, and a certain number of pulses in the output bus of the 
sensor correspond to one turn of the wheel. Since the wheel is in contact with the rail, factors such as slippage and skidding 
of the locomotive wheels have unpredictable effect on the accuracy of the sensor readings. The quality of measurements 
and errors in determining the diameter of the bandage (part of the wheel in contact with the rail) due to its decrease 
because of wear during operation, etc., affect the quality of measurements. As a result of all these shortcomings, today 
when using such sensors, the error is up to 50-70 m per kilometer of track [1]. 

The new navigation systems installed on Russian Railways, namely the GLONASS/GPS satellite navigation 
systems, although they are advanced technologies, have a number of disadvantages, since the errors of measurements 
carried out with their help depend on many factors: the influence of the Earth's ionosphere, cloudiness, reflection of 
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signals from surrounding objects and surfaces, the geometry of the location of satellites, etc. Errors in determining the 
coordinates of the user using these navigation aids on moving objects can reach 15 m and more [2]. 

One of the ways to determine the linear velocity of a locomotive to avoid the negative impact of the above factors 
is to use automatic locomotive signaling (ALS) signals. 

Automatic locomotive signaling (ALS), is a set of devices that automatically repeat in the driver's cab the 
indications of the track lights that the train is approaching, regardless of the track profile and weather conditions, and also 
provides the locomotive driver with information about the train situation, controls velocity, wakefulness and vigilance, 
generates a signal for registration on the belt of the locomotive velocity meter. At the same time, only three active signals 
are used to transmit information to the locomotive, and the element base - electromagnetic relays, requires large operating 
costs and does not significantly increase the reliability of the equipment and expand its functionality. 

On periodic basis alternating current electrical signal (code) is sent to the track circuit with a certain number of 
pulses and the duration of the pause between pulses and pulse trains, which corresponds to a certain color of the traffic 
light (Fig. 1) [3, 4]. 
 

 
 

Fig. 1 Transmission of ALS codes 
 

 
Fig. 2 Diagram of a device for determining the linear velocity of a locomotive 
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The measurement of the linear velocity of the locomotive is carried out by registering the phase shift of the traffic 

signal. A diagram of a device for determining the linear velocity of a locomotive is shown in Fig. 2. So, while the 
locomotive is parked, the original code message of impulses of a certain traffic light is recorded and later compared with 
the same message of impulses in motion (Fig. 3, a). Further, during the acceleration of the locomotive, a phase shift is 
formed by the value t (Fig. 3), which will correspond to the value of the velocity (Fig. 3, b). The subsequent increase in 
velocity will be compared with the previous one and added up. During braking, the shift will have a negative sign 
(Fig. 3, c) [5-7]. 
 

 
 

Fig. 3 Phase shift of the combination generated by the ADC-5 green traffic light: a  the reference signal; b  compared 
signal when moving forward; c  compared signal when moving back 

 
The PS unit, connected to a traction electric motor (TEM), controls the torque and protects the locomotive from 

skidding during braking. The main advantages of the proposed method in comparison with the existing ones are: 
– determination of the linear velocity of the locomotive without taking into account slip, which varies in the 

range from 1-20% [8, 10]; 
– high accuracy of measuring the linear velocity of the locomotive due to the use of a stable electrical signal of 

the automatic locomotive signaling [9]. 
The novelty and originality of the proposed method for determining the linear velocity of a locomotive is confirmed 

by the obtained patent of Ukraine for a utility model  82737 [9]. 
 
3. Conclusions 
 

The method for determining the linear velocity of a locomotive, that allows avoiding the negative influence of 
factors present in existing systems is proposed, it consists in using and converting signals from automatic locomotive 
signaling. Using the existing ALS system according to the proposed method, it is possible to determine the value of the 
linear velocity of the locomotive, which will not be influenced by various operational factors (change in the tire diameter, 
wheel slip of the locomotive, etc.). This device can be used in locomotive traffic control devices and ensuring the safety 
of traction rolling stock, as well as in anti-blocking and anti-skidding devices of locomotives to measure movement 
parameters, in particular, linear velocity. 
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