CompuTer Vision As PART oF AN AbvanceD TRAIN CONTROL SYSTEM

JITA 13(2023) 2:99-103

COMPUTER VISION AS PART OF AN ADVANCED TRAIN CONTROL
SYSTEM

Alexey Ozerov, Andrey Okhotnikov

Research and Design Institute for Information Technology, Signalling and Telecommunications on Railway

Transport (NIIAS), Moscow, Russia, a.ozerov@vniias.ru

https://doi.org/10.7251/JIT23020990

Contribution to the State of the Art
UDC: 656.073.436:004.42

Abstract: The article addresses the key issues related to the application of computer (machine) vision as part of an advanced
train control system. The authors describe the architecture of a multi-layered train control system that uses computer vision as

a key element of autonomy and automatic detection of obstacles on track ahead the train. The article provides some overview of

computer vision sensors, key stages of dataset preparation for onboard perception, and some issues related to sensor calibration.
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The basic principles of the development of ad-
vanced train control and protection systems were
defined as early as at the beginning of the XXI cen-
tury. In terms of safety and infrastructure access re-
quirements, they are based on the RAMS (Reliability,
Availability, Maintainability, Safety) principles de-
scribed in the IEC 61508 and EN 50128 standards.
In that sense, the train control systems are quite
conservative and are designed according to the
“safety above all” principle. This approach is based
on the method of evaluating the risk of failure per
each safety function and defining target failure indi-
cators (both random and systematic) based on the
criteria of probability and severity of consequences.
The failure targets are conventionally named SIL
(Safety Integrity Level), where the highest require-
ments are specified for SIL 4, for which the probabil-
ity of wrong-side failure is between 10® and 10 [1].

Currently, technological innovations are widely
tested and deployed as part of train control systems
(TCS). Those include artificial intelligence-based
control elements as part of unmanned train control
systems that do not completely comply with the ad-
opted RAMS methodology, which requires its pos-
sible modification along with a whole number of
regulations and operating instructions. Despite the

certain conservatism of the railway industry the mi-
gration from niche solutions to a mass use of COTS
appears to be inevitable, as otherwise it is impos-
sible to reduce the time and cost of innovation de-
ployment [2].

Today, development, testing, and deployment of
such innovations are conducted as part of the gen-
eral digital transformation of the railway industry,
one of the key elements of which is the evolution
towards robotised train control processes (cyber
physical transportation systems) that implies the
minimisation of human involvement in the business
processes and complete replacement of humans in
routine operations [3]. The objective is the transi-
tion to command and control 4.0, meaning that all
trains are covered by a single broadband communi-
cation network, while each smart train continuously
calculates its own safe distance to go and controls
its speed accordingly based on precise knowledge
of its current coordinate and information on the op-
erating situation (location of other trains, status of
track and signalling assets) received from a smart
TMS [4].

The key point is the migration of the railway in-
frastructure functionality onto on-board trains (the
concept of “smart train”). For instance, while in the
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past the absence of obstacles and foreign objects
on the track ahead of a train could only be guaran-
teed (partially) by fencing the tracks, now that can
be done through the use of a computer (machine)
vision system installed at the head end of the train
and additionally, if necessary, on the track itself in
particularly hazardous locations [5].

The computer vision system (CVS) is to ensure
timely detection and classification of foreign ob-
jects ahead of a train for the purpose of making a
decision as regards the appropriate reaction of the
onboard train control system (whistle, speed reduc-
tion, emergency braking, etc.). The CVS can play the
role of a smart assistant if a human driver is present
in the cab or of the primary automatic obstacle de-
tection facility. Over the last few years such systems
have been tested in several locations in Russia and
other countries.

The onboard CVS consists of a set of sensors of
varied nature and purpose, as well as high-perfor-
mance, large-memory computer systems that pro-
cess the signals of such sensors in real time using
machine learning algorithms (Fig. 1). The above
sensors include lidars, video cameras, 3 - 7 and 7
- 14 um thermal cameras, short range ultrasound
sensors. Cameras and lidars are used at different
ranges, i.e., short (up to 50 - 100 m), medium (up
to 500 - 600 m) and long (up to 1000 - 1500 m).
The settings are chosen depending on the function
of the rolling stock. Shunting engines operate within

a short range, commuter trains operate within the
medium range, while long-range trains are addition-
ally outfitted with long-range sensors. The sensors
operate in various ranges of the electromagnetic
spectrum, have their advantages and drawbacks
that can manifest themselves under different condi-
tions of lighting, humidity, etc.

Despite the active testing and application of the
above systems a whole number of open questions
remains regarding the use of computer vision as
part of advanced train control systems. For instance,
the question remains as to the method of proving
the safety of an CVS as part of an TCS, including the
definition of SIL for such a system. Obviously, the ap-
plication of artificial neural networks does not allow
classifying a CVS as a system with a high safety in-
tegrity level (SIL4). Meanwhile, the many tests con-
ducted on CVS show that the capabilities of machine
vision definitively surpass those of a human eye in
terms of obstacle detection at various distances and
under different lighting conditions.

For the purpose of ensuring safety and certify-
ing a TCS that includes a computer vision system,
some experts suggest dividing such TCS into a safe
part (safety kernel) in the form of an onboard safety
device that operates within a safety envelope, and a
computer vision subsystem that operates within a
separate control loop (see Fig. 2) [6].

Meanwhile, a TCS can be complemented with an
additional element that fulfils the function of super-
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Fig. 1. Computer vision system with various types of sensors
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Fig. 2. Diagram of an advance TCS with smart control

vision and restriction. In most cases, a remote oper-
ating driver is considered as such an element that
makes decisions in case of disparity of data between
the control loops, yet other, completely automatic,
solutions are examined as well [7].

As an example, let us consider the diagram of
the TCS implemented on the Moscow Central Circle
(MCC). The MCC TCS is designed as a multi-loop con-
trol system that supports two control modes, “au-
tonomous” and “remote control”. In Fig. 3, the red

Fig. 3. General diagram of the MCC TCS
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dashed line shows the subsystems that constitute
the safety envelope of the GoA3/4 mode [8]:

The MCC TCS, besides the conventional coded
track circuit-based automatic cab signalling, imple-
ments radio-based interaction between the track-
side and onboard train control systems. Addition-
ally, within a separate control loop, obstacles are au-
tomatically detected using onboard and fixed visual
detection devices using artificial neural networks
with the communication of the collected informa-
tion to the Remote Supervision and Control Centre
(RSCQC).

Standardisation and automation of the prepara-
tion and verification of datasets for CVS sensors, as
well as selection, testing and calibration of machine
vision devices remain a question [4].

The process of dataset preparation for CVS in-
cludes the creation of digital models of railway lines
and training of an artificial neural network to rec-
ognise objects. Normally, digital models are created
by processing arrays of data obtained using laser
scanning and video recording of railway lines dur-
ing test rides. Besides input data obtained from the
sensors, datasets contain target output data. Super-
vised learning aims to identify the required correla-
tions between the input and output data. A CVS is
to recognise not only infrastructure assets, but non-
stationary objects (both static, and dynamic) at dif-
ferent distances and in different configurations and
positions, namely, people of different age and gen-
der, animals, trees on the track, vehicles, etc.

In case of unsupervised learning, the machine
learning algorithms are used for the purpose of
analysing and clustering of sets of unlabelled data.
The creation (the so-called “annotation” or “label-
ling”) of correct target output data (labelled data) is
normally done by people, which is labour-intensive.
Various ways of automating data labelling for CVS
are being examined [9].

Correct identification and semantic segmenta-
tion of objects (people, cars, trees, buildings, etc.)
affects the operational safety of unmanned railway
transportation. Reliable and efficient operation of
CVS also requires accurate setting, calibration and
continuous verification of the machine vision sensor
outputs. The existing calibration methods are large-
ly inefficient and unreliable and often cause reduced
accuracy and increased error in the operation of the

sensors. If CVS are mass-deployed as part of TCS, a
whole number of issues will need to be resolved that
deal with the organisation of the calibration and ver-
ification of CVS sensors as a measuring instrument
with the development of an industry-wide method
in accordance with GOST R 8.879-2014 [10].

One of the key difficulties as regards the calibra-
tion is the comparison of the data collected by sen-
sors of different nature: a set of spatial points col-
lected by a lidar and images collected by cameras.
Therefore, calibration requires a special calibration
stand including one or several calibration objects
(markers) and equally well-identifiable both on a
visual image, and within a point cloud, which will
allow using its acquisitions as input data for calibra-
tion. A synchronised verification of data collected
by all types of sensors - video cameras, lidars and
thermal cameras - is to be provided for as well, in-
cluding when an autonomous train operates in au-
tomatic mode.

The use of machine vision as part of advanced
TCS is becoming a key and long-lasting trend in the
development of modern control systems, which
defines a wide range of engineering problems that
require a comprehensive approach. Their efficient
solution will define the mass migration towards
completely automatic train control (with no driver)
that is primarily enabled by the guaranteed level of
safety that is at least not worse than the current one.

REFERENCES

[1] Ozerov A.V. [On the methods of ensuring functional safety
and dependability of railway control systems]. Nauka i
tekhnologii zheleznykh dorog 2021;5,2(18). P.74-81. (in
Russ.).

[2] Ozerov A.V, Marshova A.S. [Machine vision as part of au-
tomatic train control systems]. In: [Proceedings of the
International Science and Technology Conference Future
Information Technology]. Samara: Samara Science Centre
of the RAS; 2022. P. 201 - 205. (in Russ.).

[3] Okhotnikov A.L., Tsvetkov V.Ya., Kozlov A.V. [Algorithms of
a cyberphysical transportation system]. Zheleznodorozh-
ny transport 2021;12:49 - 53. (in Russ.).

[4] Doppelbauer J. Command and Control 4.0. IRSE News
2018;246.P.134 - 135.

[5] Okhotnikov A.L. [Types of machine vision systems used in
railway transportation]. Nauka i tekhnologii zheleznykh
dorog 2020;4,4(16). P.77 - 87. (in Russ.)

[6] Flammini F, De Donato L., Fantechi A., Vittorini V. A Vi-
sion of Intelligent Train Control. In: Reliability, Safety, and
Security of Railway Systems. Modelling, Analysis, Verifica-
tion, and Certification. Springer. P.192 - 208.

[7] Ozerov A.V,, Olshansky A.M. Safety model construction for

102

Journal of Information Technology and Applications

www.jita-au.com



CompuTer Vision As PART oF AN AbvanceD TRAIN CONTROL SYSTEM

JITA 13(2023) 2:99-103

a complex automatic transportation system. Dependabil-
ity 2021;21(2). P. 31 - 37.

[8] Rozenberg, E.N., Ozerov A.V. Train command and control
for commuter and urban lines. Journal of Information
Technology and Applications. - 2022. - Vol. 12, No. 1. - P.
5-13.

[9] Tagiew R, Buder T, Tilly R.,, Hofmann K, Klotz C. Data set
for autonomous driving as basis for GoA3+. Eurailpress,

ABOUT THE AUTHORS

Alexey Ozerov is the Head of International

Department - Head of Intellectual Property

Management Centre of JSC NIIAS. He has been

working with JSC NIIAS for over 16 years in

various positions related to research, signal-

ling business unit and international coopera-

tion. He is finishing his PhD in traffic manage-

. ment and has authored over 50 papers and

8 patents in the field of advanced railway signalling and traffic
management.

ETR 2021;9.P. 10 - 14.

[10] GOST R 8.879-2014. Calibration techniques of measuring
instruments. (accessed 09.03.2023). Available at: https://
docs.cntd.ru/document/1200118303

Received: September 29, 2023
Accepted: November 18, 2023

Andrei Okhotnikov is the Deputy Head of
Information Technology Division - Head of
Strategic Development Department of ]JSC
NIIAS specializing in the innovative and stra-
tegic development, business process man-
agement, import substitution industrializa-
tion. He is the author of JSC NIIAS corporate
strategy and innovation and digitalization
programs along with JSC Russian Railways short-term and mid-
term strategy for science and technology. He has published over
54 journal and 7 conference proceeding papers and a mono-
graph, as well as authored 16 patents

FOR CITATION

Alexey Ozerov, Andrey Okhotnikov, Computer Vision as Part of an Advanced Train Control System, JITA - Journal of Information
Technology and Applications, Banja Luka, Pan-Europien University APEIRON, Banja Luka, Republika Srpska, Bosna i Hercegovina,
JITA 13(2023) 2:99-103, (UDC: 656.073.436:004.42), (DOI: 10.7251/]J1T23020990, Volume 13, Number 2, Banja Luka, December
(57-120), ISSN 2232-9625 (print), ISSN 2233-0194 (online), UDC 004

December 2023  Journal of Information Technology and Applications 103





