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Introduction

The rightful of conception of dangerous and protective faults to notify saety of railway signalling systems
(RSS) is shown. Error of calculations, based on dangerous faults conseption, of RSS safety level is
evaluated. The new method, based on ,,dangerous” element conception, of creation of safety models of
RSS is propossed. Three versions of markov models is developed to evaluate parameters of RSS safety for
vareous system configurations, the technology of their computer realisation is proposed too.

Conception of dangerous element

RSS stochastic safety models and safety norms, accepted based on them, are the most distributed and
admitted. But the conception, used for creation of those models, to split system faults to dangerous and
not dangerous is not blameless. The new method to evaluate parameters of RSS functional safety, based
on ,,dangerous” element conception is proposed. System’s element — it is system indivisible part, and
because of it fault the system can operate in one of the possible modes: “not dangerous fault but system
operates”, “not dangerous fault and system is in protective mode”, “dangerous fault”. The essence of
method proposed is that general failure flow is not sleeted in to two dangerous and not dangerous sub
flows. All faults inside this flow are considered like normal faults and element is out of service because of
them. But element, which is out of operation, can arise different system operational modes. For example,
fault of one of the system elements can arise “not dangerous fault but system operates” mode of system,
but fault of another element can arise “dangerous fault” mode of system. The total amount of RSS
elements can be split in to separate subsets according to influence of their faults to system operational
modes: M; — subset of elements, which arises “not dangerous fault but system operates” system
operational mode because of fault of one of the element inside this subset; M, — subset of elements, which
arises “not dangerous fault and system is in protective mode” system operational mode because of fault of
one of the element inside this subset; Mo — subset of elements, which arises “dangerous fault” system
operational mode because of fault of one of the element inside this subset. To include element in one of
the subsets, it is necessary to do bought analyses of functional schemas and analyses of functionality of
system.

Target

The system with total amount of elements N= n# + n3 +no (where nu , n3, no — the number of elements in
Mmn, M3, Mo subsets accordingly) during it operation can be in one of the following states: SO — system is
intact, when all N elements fulfil their functions in full amount; S1 — system has fault but it still operates,
when some of elements from MH subset is out of service; S2 — protective state which can arise because of
fault of one of the elements from M3 subset; S3 — dangerous state. The state SO of system can be changed
to S1, S2, S3 after faults has happen in elements of appropriate Mu, M3, Mo subsets. The rates of
occurrences of faults in elements of that subsets are AH, A3, Ao massive. AHi, A3j, Aok — are the elements
of that massive, where i= 1,2,... nu, j = 1,2,...n3, k= 1,2..no.. The rates of occurrences of recovery of



elements of Mu, M3, Mo subsets are AH, A3, A0 massive uHi , u3j, pok, where i=1,2..n1; j=1,2,..n3, k=
1,2, ... no . At the end the target of evaluation of RSS safety can be formulated like follows: it is
necessary to define probability of no failure P6c = 1 — Pom., if the total amount of nH, n3, no elements is
known inside MH, M3, Mo subsets and the rate of occurrence of faults Ani , A3j, Aok and the rate of
occurrence of recovery of elements pni , u3j, pok of this subsets is known too, where P6¢ — probability of
fact, that system will be in operable or protective state, Pon — probability of fact, that system will have
dangerous state.

Elaboration of models

The target to define safety parameters of complex systems could be determined by elaboration of markov
models of system operation with different configurations, it means: with not redundant elements, with
redundant elements and with partly redundant elements of RSS. The basic markov model of system
without redundant elements has been elaborated at the beginning.

Let it be set of N not redundant elements of system, which are pleated to Mu, M3, Mo subsets. The
system can be in one of the stable S, S;, S,, S; states at any time. The states of system can change
because of influence of total failure flow of elements from Mu, M3, Mo subsets and because of influence
of total recovery flow of elements with fault:
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from Mu, M3, Mo subsets accordingly.
The middle values of failure flow of elements from Mnu, M3, Mo subsets can be calculated like
follows:

, where Ay, A, , A; — total failure flow of elements
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where Ty, Ty, Tox — the middle time of recovery of fault elements in Mu , M3, Mo subsets
accordingly.To evaluate the target has been defined the markov graph of states is constructed:

u3 A

O \

| S

< > <
A H
1) A

The Colmogorov collection of differential equations has been created based on graph of states.
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This collection has been solved for P,(0)=1, P;(0) = 0, P,(0)=0, P; (0)=0 beginning conditions and
probabilities of state P,(t), Pi(t), Po(t), P5(t) achieved in form of functions depending from the time.
The values of probabilities P,(t), Pi(t), P»(t), P5(t) will aspires to ultimate stationary values during the
exploitation of system and when time goes to infinity value. Such values exists for a complex systems,
because the number of system states have limit and system can go to any another state from every
state.

The values of infinity probability states Po, P, P,, P3, which characterize middle relative times of
system being in appropriate states, S1, S2, S3, can be calculated after collection of algebraic equations
solved. The collection of algebraic equations can be created by transforming basic marcov model
shown above:

WP+ P + P =P (A + 4, +25) =0
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After the collection of algebraic equations is evaluated, the following safety values can be found:
probability of dangerous system fault Pon, which equals to P3; safety coefficient of system K6 = 1-Ps,
probability of system state, when there is fault inside it, but it still works - P;, probability of protective
system state, when it doesn’t operate - P,.

Probability P; of dangerous system state S; can be decreased by using reservation of elements which
faults arise system dangerous fault. To find out safety values of RSS system with reserved elements,
the shown above basic Marcov’s model of system with not reserved elements should be modified. The
difference between basic and modified model is that, that all elements of Mo subset is reserved with
reservation coefficient equals to one in modified model. The fault of any element of Mo subset of
elements arise dangerous fault of system, so, because of this, Mo subset of elements occurs in form of
consistent structure consisting of n, elements.

Probability of fault of element reserved during the time t, when the separate reservation is used with
coefficient equals to one, will be: Q(t) = (1-Pi(t)), where P,(t) — probability of no failure operation of
element not reserved during time t. Probability of no failure operation of element k being reserved

equals to P(t) = 1 — (1- Pi(t))>. P,(1)= e~k there and A - rate of occurrence of faults of element k of

Mo subset, where k = 1,2 ... n,. Reliability of consistent structure of reserved elements of Mo subset
can be found from equation as follows:
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Average time to fault of reserved elements of Mo subset to one fault is:
©n, ~ Aokt 5
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Intensity of failure flow of reserved elements from Mo subset is:

j]‘[(i-(i—e Aokt )2 )dt
ok=l1
So, if the total failure flow of elements from Mo subset in basic marcov model of RSS is calculated based
ng
on equation A; = z }\‘ok , then intensity of failure flow of elements of Mo subset of modified model is:
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When the probabilities of faults of separate elements from Mo subset are small and to make
redundancy of such elements are inadvisable or when some elements of Mo subset is not possible to
make redundancy because of some reasons, then redundancy of some elements is used. Let some
elements, i.e. m elements of Mo subset with the total amount of elements n,, have redundancy and m <
n,. It is supposed, that m elements are reduced with redundancy coefficient equals to one. The Mo
subset is pleated in to two parts — to reduced part with total amount of elements m, and to not reduced
one with total amount t of elements equals to n,— m. The total reliability of m elements of Mo subset
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So, the average time of partly reduced Mo subset to one dangerous fault is
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The total reduced elements of Mo subset is
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The rate of occurrence of faults of partly reduced subset M, is Ag; =

ol
To find values of safety the computer emulation of markov models of safety has done for RSS
different configurations: with not reduced; with redundancy of all “dangerous” elements; with
redundancy of the less reliable “dangerous” elements.
The technology of calculation of safety values of RSS by using computerized models is demonstrated
on examples. The results of that calculation are shown in table 1. The listings of computer realisation
are not shown here because of limits to publications.

Table 1
Models Version 1 Version 2 Version 3
Probability of dangerous fault P;=4,219-10" | P;=2,226-10° | P3=2,326:10"
Safety coefficient 1- P5-0,996 1- P5-0,998 1- P;-0,997
Probability of system state, when there is fault inside| P1=6,821-10" | P,=4,392- 10° | P;=4,392:10°
it, but it still works 3
Probability of protect state of system with fault P,=0,044 P,=0,044 P, =0.044
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It is necessary to point out, that probability of dangerous state of system, where all “dangerous” elements
have redundancy, decreases strongly based on data comparison of table 1. But almost the same result is
for system, where the less probable “dangerous” elements have redundancy in comparison with system,
where all “dangerous” elements have redundancy.

Conclusion

The marcov model, base on “dangerous” element concept, of evaluation of safety parameters of RSS
is proposed. Three versions of marcov models are worked out for different system configuration. The
technology of computer realisation of models worked out is proposed. The evaluation of RSS safety
parameters by using computer models is demonstrated on real example.
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Lubinskis V., Sergejeva., Korago I. Markova modelis dzelzcela automatikas sistému drosibas parametru
noteikSanai

Tiek novértéta dzelzcela automatikas sistemu drosuma aprékinasanas klida, izmantojot bistamu atteikumu
koncepciju. Tiek dots Markova modelis dzelzcela automdtikas sistému droSuma novertésanai, kurs balstas uz
"bistama" elementa koncepciju. Tiek izstradatas tris modelu versijas prieks sistemas dazadam konfigurdacijam un
tiek piedavata to datoru realizdcijas tehnologija.

Lubinskis V., Sergejeva L., Korago 1. The markov model to evaluate safety parameters of railway
signalling systems

The error of methods, based on conception of dangerous faults, evaluating of safety parameters of railway
signalling systems is evaluated. The marcov model, based on conception of “dangerous” element, of evaluation
of safety parameters of railway signalling systems is proposed. Three versions of marcov models are worked out
and computer realisation of them is proposed, for different system configuration.
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JIroounckuii B., Cepreesa JI., Koparo . Mapxosckast Moens 1Jisi onpeaesieHusl moKa3areJeii
0€e30IaCHOCTH CHCTEM KeJIe3HOJOPOKHOM aBTOMATUKH

OyeHnusaemcst NOZPeUtHOCMb 8 PAcHemax YposHsi 6€30NACHOCIU CUCHEM JHCENe3HOOOPOICHOU aA8MOMAMUKU,
OCHOBAHHBIX HA KOHYEeNnYUuu ONACHbIX 0omKazoe. Ilpednacaemcsi maprosckas mooeivb — OYeHKU NoKazameneu
bezonacHocmu  cucmem JHceie3HOOOPONCHOU AGMOMAMUKY, OCHOBAHHASL HA KOHYENYUU «ONACHO20» dNeMeHMA.
s pasnuunbix KoHQuUeypayuil cucmemsl pazpabomanvl mpu eepcui Mooenel U NPeoioNCeHd mexHoI02Us ux
KOMNBIOMEPHOU peanu3ayul.
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