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Background. The basis for ensuring the safety 
of the railway operation is a way to create a database 
of defects in the track operation and measures to 
eliminate them or prevent their occurrence. Let’s 
consider a particular task of increasing the informative 
value of the track maintenance assessment according 
to the readings of a track measuring car and the 
possibility of obtaining a larger number of parameters 
in one pass of the track measuring equipment using 
the software and hardware monitoring and image 
processing system for detecting defects and 
determining their characteristics.

Objective. The objective of the authors is to 
consider informativ e v alue of rai lway track 
maintenance assessment.

Methods. The authors use general scientific and 
engineering methods, comparative analysis, 
assessment method, statistical analysis, mathematical 
apparatus.

Results. The track measuring car [1] records the 
state of the geometry of the track gauge, including in 
the plan (narrowing, gauge widening, straightening) 
and profile (subsidence, misalignment), as shown in 
Pic. 1a for one of the parameters. The existing system 
of assessing the state of the rail track and planning 
work according to the readings of the track measuring 
equipment on the basis of the instruction [2], 
approved in 1997, does not regulate estimates for 
lines with speeds of up to 140 km / h.

In addition, the instruction permits ambiguity in the 
interpretation of the track assessment, for example: a 
subsidence of 26 mm with a length of 6 m requires a 
speed limit of 60 km / h, and a subsidence of 7 m length 
and 50 mm in size allows a speed of 140 km / h; a skew 
of 21 mm with a length of 20 m implies a speed limit of 
60 km / h, and a skew of 40 mm with a length of 21 m 
formally allows a speed of 120 km / h. The score of 
kilometers for which employees of structural units 
serving the railway track receive financial incentives 
does not always correspond to the procedure for 
eliminating deviations aimed at improving traffic safety. 
In fact, there is no differentiation within the same 
qualitative assessment of the kilometer. For example, 
for established speeds of 61–120 km / h of third-
degree retreat –  three skews of 19–20 mm or one skew 
of 17 mm lead to the same satisfactory estimate of a 
kilometer. Such an assessment does not stimulate the 
elimination of first and foremost dangerous deviations.

Estimation of the track maintenance according to 
the data of the track measuring car is to establish 

scores for exceeding the established threshold values 
from the track maintenance standards [2]. The set of 
estimates of each deviation on the site in the form of a 
sum of scores or the number of malfunctions of certain 
degrees of deviation is a complex estimate of the 
section of the track as a whole [3]. To reduce the effect 
of the described shortcomings, it is proposed to 
proceed from the assumption that the process of 
recording the track state by a track measuring car 
refers to random processes in which the time index is 
the coordinate counted along the track length (Pic. 1). 
At the same time, it can be considered that it is 
completely determined by the set of its implementations, 
and exceeding the established thresholds (the degree 
of deviation from the norms of the rail track 
maintenance) is the emissions of a random process.

Studies in the theory of random processes [4, 5], 
which proved the equivalence of the problems of level 
crossing theory, the theory of random process 
emissions and the theory of random point processes, 
make it possible to approach a mathematical model to 
increase the informative value of the actual state of the 
railway track, necessary for formation of control actions 
on the track for the purpose of ensuring traffic safety, 
maintaining it in a working condition without additional 
passage of vehicles with detection equipment.

If along the abscissa axis (Pic. 1) the track length L 
is laid out, and along the ordinate axis –  the amplitude 
of the unevenness of the track gauge A, we obtain a 
sample function of the continuous random process A(L) 
for the section L Є {L

0,
 L

0 
+ L}, that intersects threshold 

levels С
i
, characterizing deviations from the norms of 

the maintenance of the track gauge.
For simplicity of representation of the proposed 

model, we take only one threshold level C, 
corresponding, for example, to the third degree of 
deviations from the track maintenance norms, which in 
turn forms one point process n(L), corresponding only 
to this threshold value C. The function A (L) characterizes 
the state of the track in the region {L

0,
 L

0 
+L} with respect 

to the threshold level C, its behavior can be described 
by the number of positive n+ (C, L) and negative n– (C, L) 
emissions. That is, a

+
(L) = (a–C)l(a–C), where a = a(L) 

is the realization of recording the readings of the track 
measuring car as a random process A(L), l (a) is the 
unit jump.

The process l (a–C) as a function of the length of 
the estimated area is a random sequence of rectangular 
pulses of unit amplitude (Pic. 1c). They are synchronous 
with the transitions of the function A(L) through the level 

INCREASE IN INFORMATIVE VALUE OF RAILWAY TRACK MAINTENANCE 
ASSESSMENT

Sychev, Vyacheslav P., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.
Loktev, Alexei A., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.
Loktev, Daniil A., Bauman Moscow State Technical University, Moscow, Russia.
Vinogradov, Valentin V., Moscow State University of Railway Engineering, Moscow, Russia.

ABSTRACT
Using the methods of statistical analysis 

based on the theory of random process emissions, 
the theory of random point processes, the method 
of least squares, the method of least modules, 
filtering algorithms, the choice of a type of a 
theoretical function and its parameters that allow 
reducing the error of the measured characteristics 

of defects and deviations of the track from the 
design posit ion,  a  mathematical  model  is 
formulated that provides an increase in the 
informative value of the assessment of the actual 
state of the railway track. High information value 
is needed primarily for formation of adequate 
control actions on the track in order to ensure 
traffic safety.

Keywords: railway track, measured parameters, information-measuring system, defect detection, statistical 
analysis, theory of random processes, mathematical model.

•  WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 15, Iss. 2, pp. 20–31 (2017)

Sychev, Vyacheslav P., Loktev, Alexei A., Loktev, Daniil A., Vinogradov, Valentin V. Increase in Informative 
Value of Railway Track Maintenance Assessment



28

C, that is, they have the same duration as the impulses 
of irregular shape shown in Pic. 1b. The number of 
intersections N(C, L) of a given level C is determined 
from the condition that the process of recording the 
state of a track gauge in space can be considered 
differentiable. This value is determined for the average 
number of intersections N(C, L) of a given level C with 
the trajectory of the random process А(L) on the 
estimated section L. To determine the number of 
emissions on the site, the function l (A–C) is 
differentiated with respect to L, which gives g impulses 
positive for Al > 0 and negative for Al > 0.

In reality, estimating the magnitude of the 
emission is not enough, since subsidence and skew 
can be characterized by the same emission, but their 
impact on traffic safety is different and is determined 
not only by the fact of the emission, but also by its 
duration. The emission duration can be written as 
∆L

v
 = L

i+1
–L

i
, and the average length of stay of the 

trajectory A(L) over the level C is represented as 
L+(C) = 1–F

A
(C, T), with F

A
(a, L) being the distribution 

function.
The total duration of all the emissions L

v
 in the 

interval (0, L) is equal to the arithmetic sum L
v 
= ∑∆L

i
 

and coincides with the residence time of the 
realization a(L) in the region A > C. The pulses I(A-C) 
have the same total duration, and since the pulses are 
not negative and have single amplitudes, the duration 
of the emissions can be determined from the 

expression 
0

1( )
L

vL A C dt= −∫ .

An increase in the informative value of the 
estimation of the state of the railway track is also 
possible with the use of modern video monitoring and 
measurement systems, in which algorithms for stereo 
vision [6, 7] can be distinguished as methods for 
obtaining primary information about the state of the 
objects under study (defects and deviations from the 
design position) [6–11], a set of intelligent cameras 
that allow to get video in real time [8], use of a camera 
that gives a three-dimensional image (one of its 
parameters is the distance to individual elements [9]), 
but the use of such technology is associated with large 
computational loads on hardware, so usually only 
points of the object located along its boundary at equal 
distances from each other are singled out [10]. The 
method of three-dimensional reconstruction, which is 
based on additional illumination of the object under 

Pic. 1. Record of the state of the rail track according to the readings of the track measuring car: 
a) readings of the track measuring car as a function of the random process on the track section; b) non-linear 

transformation A→l(A–C) as an ideal limiter (detector) in C; c) a random sequence of rectangular pulses of unit 
amplitude; d) single impulses of emissions; e) duration of emissions.

a+(L)=(a−C)l(a−C), where a=a(L) is the realization of recording the readings of the 

track measuring car as a random process A(L), l (a) is the unit jump.

Pic. 1. Record of the state of the rail track according to the readings of the track 
measuring car: a) readings of the track measuring car as a function of the random 
process on the track section; b) non-linear transformation A→l(A−C) as an ideal 

limiter (detector) in C; c) a random sequence of rectangular pulses of unit amplitude; 
d) single impulses of emissions; e) duration of emissions.

The process l (a−C) as a function of the length of the estimated area is a 

random sequence of rectangular pulses of unit amplitude (Pic. 1c). They are 

synchronous with the transitions of the function A(L) through the level C, that is, they 

have the same duration as the impulses of irregular shape shown in Pic. 1b. The 

number of intersections N(C,L) of a given level C is determined from the condition 

that the process of recording the state of a track gauge in space can be considered 

differentiable. This value is determined for the average number of intersections 

N(C,L) of a given level C with the trajectory of the random process А(L) on the 

estimated section L. To determine the number of emissions on the site, the function l

a)

b)

c)

d)

e)
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study and the study of the shape of the formed 
shadows, is developing quite actively in solving 
engineering problems [11].

In this case, it is proposed to use the software and 
hardware video monitoring system to increase the 
informative value of track condition estimates 
obtained using track measurement equipment, which 
helps to determine the presence (recognize [12]) the 
parameters of defects (size, location, shape).The 
video monitoring system uses algorithms and 
methods that allow to switch from photodetector 
parameters to physical distances based on the 
defocus analysis for objects whose images are 
represented in the image [6, 8]. To establish the 
relationship between the parameters of real objects 
and the characteristics of their images, photodetectors 
and shooting modes, blurred images are convenient. 
The «blurring» of the image may appear due to the 
movement of the object or the detector, the features 
of the image boundaries, the aggregate state, and 
also due to the different settings of the photodetector 
(focal length, aperture, shutter speed and aperture) 
(Pic. 1). As a functional, connecting the main 

characteristics of the detector and the location of the 
image of the object in the exposure, the ratio [6, 13] 
is applied:
1 1 1ob fipf D D= + , (1)

where f is focal length, D
ob

 is distance from the given 
object point to the photodetector objective, D

fip
 is 

distance between the center of the lens and the 
focused image of the object under study.

From expression (1), it is required to determine 
the values of D

ob
 and D

fip
 for a given focal length. The 

blurring of the image can be represented in the 
form [5]

rip fip fipB D D Ds = − , (2)

where s is blur of the object, B is aperture value, D
rip

 
is distance from the center of the lens to the plane of 
the object.

When determining the size of the smearing spot, 
it is assumed that the blurring at the point occurs 
identically in all directions [7, 8, 13]. It is proposed to 
install a stereopair on the track measuring car that 
forms the image of the track superstructure for further 

Pic. 2. Scheme of blur formation in case of defocusing with D
rip 

≥ D
fip
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algorithms and methods that allow to switch from photodetector parameters to physical 

distances based on the defocus analysis for objects whose images are represented in the 

image [6, 8]. To establish the relationship between the parameters of real objects and 

the characteristics of their images, photodetectors and shooting modes, blurred images 

are convenient. The “blurring” of the image may appear due to the movement of the 

object or the detector, the features of the image boundaries, the aggregate state, and 

also due to the different settings of the photodetector (focal length, aperture, shutter 

speed and aperture) (Pic. 1). As a functional, connecting the main characteristics of the 

detector and the location of the image of the object in the exposure, the ratio [6, 13] is 

applied:

1 1 1ob fipf D D= + , (1)

where f is focal length, Dob is distance from the given object point to the photodetector

objective, Dfip is distance between the center of the lens and the focused image of the 

object under study.

From expression (1), it is required to determine the values of Dob and Dfip for a 

given focal length. The blurring of the image can be represented in the form [5]

rip fip fipB D D Dσ = − , (2)

where σ is blur of the object, B is aperture value, Drip is distance from the center of 

the lens to the plane of the object.

Pic. 3. Distances obtained by stereo vision schemes and the real distance, depending on the average blur value.

Pic. 2. Scheme of blur formation in case of defocusing with Drip≥Dfip.

When determining the size of the smearing spot, it is assumed that the blurring at 
the point occurs identically in all directions [7, 8, 13]. It is proposed to install a 
stereopair on the track measuring car that forms the image of the track superstructure
for further processing in the monitoring and measuring system. The parameters of 
detected defects are determined on the basis of a complex technique that aggregates the 
stereoscopic algorithms and estimates the blurring of the object images obtained from 
two cameras (Pic. 3) [13, 14].

Pic. 3. Distances obtained by stereo vision schemes and the real distance, depending 
on the average blur value.

Each measured blur can be represented as a sum:

θi = ηi (X) + ∆i,             (3)

where ηi (X) is some known function, with respect to which we shall consider the 

estimates of the distribution; ∆i is measurement error; Х = (Х1, …,Хм)Т is vector of the 

location of the object (defect); θ1, θ2, …θn are results of measurements of the average 

blur of the object.

To estimate the defect parameter vector а X=Aj(θ)it is suggested to use М-

estimates, which are a minimum of the sum of functions from the data:

X(θ) = arg minX (Σn
i=1 L(θi – ηi (X))),                      (4)

where L(θ) is function corresponding to the estimation method (for the least squares 

method − L=z2; for the least modulus method – L=|z|). Based on the analysis of these 

pixels
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processing in the monitoring and measuring system. 
The parameters of detected defects are determined 
on the basis of a complex technique that aggregates 
the stereoscopic algorithms and estimates the 
blurring of the object images obtained from two 
cameras (Pic. 3) [13, 14].

Each measured blur can be represented as a sum:
q

i
 = h

i
 (X) + ∆

i
,  (3)

where h
i
 (X) is some known function, with respect to 

which we shall consider the estimates of the distribution; 
∆

i
 is measurement error; Х = (Х

1
, …, Х

м
)Т is vector of the 

location of the object (defect); q
1
, q

2
, …q

n
 are results 

of measurements of the average blur of the object.
To estimate the defect parameter vector а X = A

j
(q)

it is suggested to use М-estimates, which are a 
minimum of the sum of functions from the data:
X(q) = arg min

X
 (Sn

i = 1
 L(q

i
 –  h

i
 (X))),  (4)

where L(q) is function corresponding to the estimation 
method (for the least squares method –  L = z2; for the 
least modulus method –  L = |z|). Based on the 
analysis of these estimates, the function h

i
(X), is 

chosen as it is most closely approximated to 
observations, according to the properties of 
unbiasedness, consistency and efficiency.

One way to obtain stable estimates of observations 
q

i
 is to vary the form of the function h

i
(X) with the 

unknown error distribution ∆
i
 and use the root-mean-

square deviation q
i
. As h

i 
(X) we propose to consider a 

number of functions: h
i
 (X) = a+b•|x–x

0
| (linear); h

i
 

(X) = b•|ln(x-x
0
)|+a (logarithmic); h

i
(X) = b•|exp|(c•x–

x
0
)||+a (exponential). After substituting these 

expressions into the defining equations, we can 
represent them in the form of graphs of the dependence 
of the blur on the distance to the object (Pic. 4).

To smooth existing and possible emissions, it is 
suggested to apply filtering to the initial observations and 
to analyze the estimation of least-squares (LSM) and 
least-modulus (LMM) methods for three functions 
considered after applying the filter. The filtering procedure 
can be represented in the form of iteration expressions:

1 1 (1 ) ( )opt opt
k k k kK K uq q q+ += + − +  ,  (5)

1( ) ( )k k ku x xh h+= −  –  for linear function;

1 1 (1 ) ( )opt opt
k k k kK K uq q q+ += + −   ,  (6)

1( ) ( )k k ku x xh h+=  –  for logarithmic and exponential 

functions.

Pic. 4. The dependence of the blur on the distance 
to the object from the function h

i
 (X): a) linear, 

b) logarithmic, c) exponential.

Pic. 5. Dependence of dispersion on distance with 
a filtration coefficient K = 0,1 for different models: 

a) linear, b) logarithmic, c) exponential.
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Here 0 ≤ K ≤ 1 is filtering coefficient; q
k

opt and q
k+1

opt 
are current and next values of observations after 
filtering; q

k+1
 is follow-up observation; u

k
 is parameter 

of the system change; h(x
k
) and h(x

k+1
) are current 

and subsequent values of the function taken as 
theoretical; x

k
 is distance to the object.

In the iterative procedure, it is proposed to take 
as the initial value after filtering the observation itself, 

i. e. 1 1
optq q= . Using the filtration scheme, it is possible 

to reduce the error variance by choosing the 
coefficient K, and using the methods LSM and LMM –  
to estimate the influence of the function h

i
 (X) for its 

different types on the finite determined geometric 
parameters of the defects after applying the filtering 
algorithms to the measurements (Pic. 5).

With the help of the proposed filtering algorithm, 
taking into account the variation of the coefficients K, 
we obtain error distributions with a smaller variance 
in the analysis of the obtained functions, than without 
using a filter, that is, the estimate is more efficient, 
and therefore it can be concluded that the filter 
provides an opportunity to obtain a more accurate 
theoretical function. The minimum variance estimate 
is the estimate of LSM for the theoretical function is 
the function: y

calc
 = a+b|ln(x-x

0
)|, where a = 10,696, 

b = 93,122 for the filtering algorithm with a coefficient 
of 0,1.

Conclusions. The increase in the informative 
value of the track state assessment according to the 
indications of geometric and optical means of 
monitoring of the track measuring car using the 
methods of statistical analysis makes it possible not 
only to increase the reliability of the assessment of a 
particular section, but also to solve other tasks of 
maintenance of the railway track. The determination 
of the duration of each emission, the interval between 
emissions and the variance of the errors that arise is 
directly related to the assessment of the amount of 
work to eliminate deviations from the standards for 
the maintenance of the track gauge and, first of all, 
the values of the shifts and lifts of the track and the 
volume of the rubble to be filled in case of schedule 
preventive smoothing. In this case, the most effective 
algorithms for statistical analysis of real measurements 
will work together with an algorithm for determining 
curvature parameters in terms of plan, elevation in 
level: the beginning (end) and length of transitional 
curves in plan and in level, radii and elevations in 
circular curves; unevenness in the longitudinal profile, 
which will solve the problem of calculating the required 
volume of crushed stone not only to eliminate the local 
unevenness of the track, but also to smoothly 
straighten out the track to the design position.

REFERENCES
1 . Isaev, K . S ., Sychev, V . P ., Schekotkov, Yu . M . Track 

measuring car –  efficiency of use [Puteizmeritel’nyj vagon –  

effektivnost’ ispol’zovanija] . Zheleznodorozhnyj transport, 
1984, Iss . 11, pp . 28–30 .

2 . Instructions for decoding the tapes and assessing the 
state of the track gauge according to the indications of the 
CNII-2 track-measuring car and the measures to ensure 
the safety of train traffic / Decree of the Ministry of 
Railways of 14 .10 .1997 No . TsPT 515 [Instrukcija po 
rasshifrovke lent i ocenke sostojanija rel’sovoj kolei po 
pokazanijam puteizmeritel’nogo vagona CNII-2 i meram po 
obespecheniju bezopasnosti  dvizhenija poezdov / 
Rasporjazhenie MPS ot 14.10.1997 g. № CPT 515] .

3 . Sychev, V . P . Methods of estimating the railway track 
by the characteristics of random processes [Metody 
ocenivanija zheleznodorozhnogo puti harakteristikami 
sluchajnyh processov] . Nauka i tehnika transporta, 2007, 
Iss . 3, pp . 84–88 .

4 . Tikhonov, V . I ., Emissions of random processes 
[Vybrosy sluchajnyh processov] . Moscow, Radio i Svyaz 
publ ., 1972, 392 p .

5 . Sychev, V . P ., Druzhinina, O . V ., Cherkashin, Yu . M . 
On the problem of ensuring the systemic safety of the 
railway track [O zadache obespechenija sistemnoj bezopasnosti 
zheleznodorozhnogo puti] . Transport: nauka, tehnika, 
upravlenie, 2009, Iss . 12, pp . 2–4 .

6 . Kraft, H ., Frey, J ., Moeller, T ., Albrecht, M ., 
Grothof, M ., Schink, B ., Hess, H . 3D-camera of high 
3D-frame rate, depth-resolution and background light 
elimination based on improved PMD (photonic mixer 
device)-technologies . In OPTO, 2004, pp . 45–49 .

7 . Nielsen, C .K ., Andersen, T .V ., Keiding, S . R . Stability 
analysis of an all-fiber coupled cavity Fabry-Perot additive 
pulse modelocked laser . J. Quantum Electronics, 41 (2), 2005, 
198 p .

8 . Kuhnert, K . - D ., Langer M ., Stommel M . and 
Kolb A . Dynamic 3D-Vision . Vision Systems: Applications, 
June 2007, pp . 311–334 .

9 . Lin, H .- Y ., Chang, C .- H . Depth from motion and 
defocus blur . Optical Engineering, V . 45(12), N127201, 
December 2006, pp . 1–12 .

10 . Levin, A ., Fergus, R ., Durand, Fr ., Freeman, W . T . 
Image and depth from a conventional camera with a coded 
aperture . ACM Transactions on Graphics, V . 26, N . 3, Article 
70, 2007, pp . 124–132 .

11 . Robinson, Ph ., Roodt, Yu ., Nel, A . Gaussian blur 
identification using scale-space theory . Faculty of 
Engineering and Built Environment University of 
Johannesburg, South Africa, 2007, pp . 68–73 .

12 . Loktev, D . A ., Alfimtsev, A . N ., Loktev, A . A . 
Algorithm for object recognition [Algoritm raspoznavanija 
ob’ektov] . Vestnik MGSU, 2012, pp . 124–131 .

13 . Loktev A . A ., Loktev D . A . Determination of 
Object Location by Analyzing the Image Blur . Contemporary 
Engineering Sciences, Vol . 8, 2015, no . 11, pp . 467–475

14 . Loktev A . A ., Loktev D . A . Development of a User 
Interface for an Integrated System of Video Monitoring 
Based on Ontologies // Contemporary Engineering 
Sciences, Vol . 8, 2015, no . 17, pp . 789–797 .

Information about the authors:
Sychev, Vyacheslav P. –  D.Sc. (Eng.), professor of Moscow State University of Railway Engineering (MIIT), 
Moscow, Russia, vp@vpm770.ru.
Loktev, Alexei A. –  D.Sc. (Physics and Mathematics), professor, head of the department of Transport 
Construction of Moscow State University of Railway Engineering (MIIT), Moscow, Russia,  
aaloktev@yandex.ru.
Loktev, Daniil A. –  assistant at the department of Information systems and telecommunications of Bauman 
Moscow State Technical University, Moscow, Russia, loktevdan@yandex.ru.
Vinogradov, Valentin V. –  D.Sc. (Eng.), professor, first vice-rector of Moscow State University of Railway 
Engineering, Moscow, Russia, +7(495) 684–21–10.

Article received 12.12.2016, accepted 21.02.2017.

•

•  WORLD OF TRANSPORT AND TRANSPORTATION, Vol. 15, Iss. 2, pp. 20–31 (2017)

Sychev, Vyacheslav P., Loktev, Alexei A., Loktev, Daniil A., Vinogradov, Valentin V. Increase in Informative 
Value of Railway Track Maintenance Assessment


