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Abstract

In the paper is presented a method of assessing of the exploitation efficiency of transport
telematics systems. In order to obtain as an overall assessment of transport telematics
systems, as the method for evaluating was accepted the multi-state analysis of the ex-
ploitation process. Then was elaborated the model of exploitation process of the tele-
matics system. The problem of fundamental importance in the study of efficiency is to
determine the partial measures of effectiveness. Using the characteristics of the exploita-
tion process, a model of exploitation efficiency of telematics system was elaborated and
the measures of its evaluation are presented.

1. Introduction

Efficiency of the telematics system can be assessed only if a positive answer
exists to the question — does the system can perform the tasks imposed on it? A pos-
itive response demonstrates the usefulness of the system to perform the tasks includ-
ing the possible implementation of telematics services by the technical equipment,
qualified staff, proper organization of the process of operation and maintenance, etc.
[9]. In reference to technical equipment it must taken into account its failure, the
complexity of the service, repair and renewal opportunities. An important factor
influencing the effectiveness is the reliability of technical equipment, but it should
taken into account also the possibility of a reduced quality of work as a result of
inferior equipment reliability.

During the exploitation of technical equipment can be distinguished periods:
— Ability for work and waiting for the implementation of telematic services;

* Warsaw University of Technology Faculty of Transport, 75 Koszykowa St. 00-662 Warszawa,
Poland



100 Mirostaw Siergiejczyk

— Ability for work and implementation of telematic services;
— Planned maintenance, inspections, repairs;
— Failure repairs.

The primary methodology issue in assessing the efficiency of exploitation of
telematics system is adequate to the reality building of a mathematical model involv-
ing the largest possible number of combinations of different factors, but allowing
in each case include only those factors that correspond to the task of the research
team. As a method for assessing the efficiency of service, in accordance with the
considerations among others in [2], [10], was adopted the analysis of the stochastic
process of exploitation of telematics systems. This leads to the construction of the
model of exploitation process and designation of selected characteristics of this
process, which in themselves may constitute a partial measures of assessing or may
be part of more general dependences of the assessment of exploitation efficiency.
It is necessary to draw attention to the fact that the construction of the model even
very complex telematics system or subsystem can not be a problem like gaining
up to date real input data, ie these values which in the model are subjected to
appropriate transformations. The problem of primary importance in the study of
efficiency is to determine the overall efficiency and/or sub-functions of efficiency.
These functions are dependent on temporary or asymptotic probabilities of staying
of the system exploitation process in the states of exploitation. Privileged class of
theoretical models to assess the effectivity of telematics systems are semi-Markov
processes [1], [3].

2. Model of the Exploitation Efficiency
of Telematics Systems

Considering the specificity of the telematics system for the implementation
of telematic services as a system composed of three main subsystems — Fig. 1 —
(broadcasting subsystem, transmission subsystem, the subsystem that receives the
telematics information) as well as taking into consideration the purpose of its action
and possibilities of using of evaluation results in exploitation practice, as a method
for evaluating the efficiency of telematics system, is proposed the analyze multi-state
stochastic process analyze of its exploitation is proposed. There is therefore a need
to build a theoretical model of the exploitation process of telematics system.

Channels
Information of transmission Information
sender of telematics receiver
information

Fig. 1. Block diagram of telematic system
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Modelling of the exploitation process of telematics system was performed with
the following assumptions:

— The considered telematics system is a renewable system with a long duration
of action. The average time of correct operation between successive failures of the
system is much shorter than the time of exploitation. It is assumed that the system
is after the adaptation and prior of aging period;

— The functional surplus expressed by the possibility of realization of telematic
services in other ways is not taken into consideration. Preparing of the alternative
ways of connecting takes time, so there would be delay in the implementation of
services in relation to the planned time of its beginning;

— Failure of one of the marked-out element of system during its operation of
the system result in passing all the system to the sub-set of the states of inability
and therefore the intermediate states are not marked-out;

— The probability of occurrence of two or more failures at the same time is
close to zero.

Having a set of functional states, as well as a serial functional architecture
of telematics system for the implementation of the task of handling the demands
of telematic services, the following states of exploitation of telematics system are
marked-out:

— s1 — the state of waiting of the able system for realization of the task;
— s, — state of realization of the task;

— 53 — the state of waiting for repair;

— 84 — the state of repair.

The states s; form the states space defined by the set S

S = {s1, 52,53, 54} (1)

The exploitation process of telematics system may therefore be defined as a function
of [1], [3]
X() ={X(s;, t) dlas; e SAteR,} 2)

For t € R, X(?) is a stochastic process {X(¢), t € R, } with values defined in the
set S = {1, 52, 53,84}. This process is a process that is DC-class, it means discrete
in the states and continuous in time.

It is assumed that the duration of the exploitation states s; € S is a random
variable with any distribution determined in the space of positive real numbers
R+. Furthermore, it is assumed that the transition of the telematics system to the
specified exploitation state does not depend on the history of the states, but only
on the current state, in which the system stays. The adoption of these assumptions
allows to treat the process of exploitation of the telematics system for ¢ € R, — as
a semi-Markov process with a finite number of states S [2].

Semi-Markov process can be determined by a homogeneous Markov chain with
transition matrix P = [P;;] and conditional distributions of independent random
variables, T;; [1], [4]:
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P = |pys i,j €S|, Py = lim Q;;(1)
and initial distribution

PX(r))=k}=P, dla keS

Fij()=P{t,—tp1 <t/ X)) =i, X(r,)=j} dlaijeS

where: i, j — indexes of possible states of the exploitation processi, j € S,

P;; — the probability of the transition of process from state 7 to the state j;

F;; (1) — distribution function of random variable T;;;

T;; — Random variable defining the duration of the state i under condition that
in the next step the process moves to state j;

S — set of states of the exploitation process.

In exploitation process telematics system can be described by a set of states S
given by formula (1). State graph of the telematics system exploitation process is
shown in Fig. 2. The system able to perform the process realization using transmitted
information is referred to telematics information in state s;, after the time 7', this
state can come in the state s,, which is equivalent with the implementation of a
telematic transmission services. The probability of such transition is Pj,. But there
are the cases that the state on stanby s; lasting 73 and is ended the failure of element
or sub-system resulting large amount of work, before the system can come into the
state s3 corresponding waiting for start to repair the system. Related probability of
this transition is Pj3, the other transition probabilities are correspondingly P4, Py;
P34

Py

Fig. 2. Exploitation process graph of states for the telematics system, with transition probabilities P;;
between 7, j exploitation processes belonging to S set of states
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If the pending state s; ends by failure, which is simple to be removed and re-
quires no special maintenance taking no time and allows to the system after time 74
comes into the state s4 identifying the effective repair of failure. But the occurrence
of failure in the state s;, requires to failure removal using the additional maintenance
such as waiting for spare parts, waiting for specialist equipment maintenance, etc.,
and corresponds the system transition to state s3, which is the waiting state for
repair. The transition from state s; to s3 occur after time7 ;3 and corresponds to the
transition probability equal to P3. From the state s3 after the time 734 the system
comes into the state s4 of effective repair. The probability of such transition is
P 34 = 1.

During the task realization the system may be also damaged and then it comes
into a subset of state maintenance states. But when the system failure doesn’t require
the special arrangements to remove failure, the system from the state s, moves to
repair state s4. The time to be by the system in state s,, after which it comes in the
state s4, occurs after time 74 with transition probability Po4. In case of failure, which
removal requires preparation of appropriate technical and organizational means,
system moves after the time 7,3 from state s, to the waiting state to be repair s3
described by probability P,3.

In the case of proper system functioning, after time 75; to complete ongoing task
the system moves to the waiting state to realize the task (state s;). The probability
of this transition is P,;. There is assumed that from the state s4 the system can
move with the probability equal 1 only to the state s;. The time been of the system
in the state s4 is T4; and determines the time duration of system repair. Also, there
is assumed that after the system repair the transition is only to the waiting state to
realize the task. This is due to the operation manner of the telematics system and
due to the fact that the repair ends up restoring the output system capacity such as
it was before the failure.

In considered the exploitation model process of telematics system in relation
to constant repair intensity, maintenance, scheduled and periodic inspections, the
maintenance states are not included into consideration. Besides of it there is also
assumed that the random variables denoting the time to be by the system in the state
i € S, under condition that a transition to the state j € § exists, and can define the
probability density functions f;;(), the finite expected values E[T};], finite second
moments E[lej] for the times T2, T13, T14, T2z, Toa, T34, To1, Ts1

Thus, there can be defined

J12(0), f13(0), f14(2), f23(2), f24(0), f34(0), f21(2), fa1 (D),
E[T2], ElT13], E[T14], E[T23], E[T24], ElT34], E[T21],E[T41],
E[T}1, E[TH), EITL), EIT51, E[T;,), E[T5,), EIT5,1, BIT; 1.
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and transition matrix of the process shown by the graph in Figure 2 is as follows:

0 P Pz Pu
Py 0 Py; Py

P = 3
0O 0 O 1 ©)

1 o o0 O

For such a specified exploitation process of the telematics system the set of indicators

characterizing this process can be determined. For these indicators can be included

[8]:

— Distribution of time durations of the exploitation process states;

— Stationary probability of process to be in the i-th state for the embedded Markov

chain;

— The intensity of the process to be in the exploitation states;

— Mean distance time between the exploitation states;

— Average time to be by the process in the given subsets of states;

— Stationary probability to be by the process in selected subset of the states.
These indicators don’t exhaust all possibilities, which can characterize the ex-

ploitation process of telematics system. No less, for practical assessment of op-

erational readiness, exploitation efficiency and other exploitation features of the

evaluated system they seem to be sufficient.

3. Assessing of the Exploitation Efficiency of the
Transport Telematics System

Exploitation efficiency of telematics system, marked as Z can be formally writ-
ten as

Z =01,y . e “4)

where: Z- set of functional and numerical characteristics (indicators of exploitation
efficiency) defined on the exploitation process X(¢) of the telematics system.

The set of such specified characteristics enables both evaluation of the system
operation and describing the process exploitation. Telematics system actions result in
assuring the support of the decision and executive functions, which aimed obtaining
the safe and efficient transport tasks for a given type of transport. The safety and
efficiency of transport performance is significantly influenced by organization and
management of the transport process, the control organization of process and proper
operation of technical equipment including the telematics system. In presented work
in terms ensuring the support of proper implementation of the transportation tasks
with advanced telematics systems technical infrastructure, the security provides the
basis for the precising of criteria, which assess the exploitation efficiency of the
telematics system. In terms to ensure the safety and efficiency of the transport
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process as a principle assessing criterion of the telematics system the reliability of
its subsystems and components is assumed. This doesn’t exlude, however, the other
criteria useful for the evaluation of the exploitation effectivity of telematics system.

To such criteria can be included operational readiness and readiness at the
moment (instantaneous readiness) of the evaluated the system. Under the concept
of operational readiness is understood to be the property of telematics system,
which determines the possibility of staying the system in the states allowing proper
implementation of telematics services. Readiness at the moment determines the
property of the system which express the possibility to carry out the tasks in a
specified time. It seems that the proposed criteria, even they do not exhaust all
possible, allow for a fairly comprehensive analysis of telematics system.

Efficiency ratio £, which is the element of the set Z (expression 4), depends
on many parameters, in which the dominant role play the properties and techni-
cal parameters of the system and the parameters characterizing the impact of the
environment. Therefore there is assumed that the efficiency ratio is a function of
parameters:

L= L1 X25 s XS Y15 V25 oe0s Vi) (5

where: y1, 2, ..., Xk — the parameters characterizing the technical properties of tele-
matics; yi,¥2, ..., Ym — parameters characterizing the impact of environment on the
functioning of the telematics system.

Dependences of the type (5), however, are not very convenient as the indicators
of efficiency of telematics system. This is because a large number of factors affecting
the system, which are very difficult to be described. Therefore for the practical assess
the efficiency of telematics system some indicators will be introduced in the form of
generalized numerical characteristics. To assess the efficiency of telematics system
the characteristics describing the process of exploitation by the partial indicators
will be introduced. Especially, they will be done by the time distribution to be
in the exploitation states, stationary probability to be in the i-th exploitation state,
the intensity of the states of esxploitation process, the time intervals between the
exploitation states, the average time of process to be in the determined subset of
states.

Evaluation of the efficiency of telematics system requires using such indicators
which will be presented below. Taking into account the functioning specificity of the
transport telematics system as well as evaluation correctness, the following criteria
for evaluating will be proposed, they will be the indicators of telematics system
exploitation efficiency:

— Indicator of operational readiness;
— Probability of use of the system to implement telematic service;
— The potential ability to perform the telematic service.
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Indicator of operational readiness

Taking into account the telematics system element reliability and its readiness
for realization the services the basic operating characteristics of efficiency, the indi-
cator of operational readiness, given by the probability that at time t the system is in a
state of efficiency will be introduced. The value of the telematics system operational
readiness rate depends on the probability changes of the exploitation states and the
average time durations of these states. Indicator of operational readiness can also
be represented as the sum of the boundary probabilities of staying of the system in
a subset of the ability states Sz. This gives the

gﬂ,-E[T,-]
gg B Z”kE[Tk] B

keS

(6)

_ E[1 ]+ P,E[T, ]
E[T |+ PLE[T, |+ P:EIL |+ B, PsEIT |+ BLE[T, |+ P,PLEIT, |+ PyPLEIT, |+ B,P,,PLEIT, ]

where: m; — stationary probability of the i-th state of the embedded Markov chain
P;; — probability of the transition process from the i-th state to the j-th state
i,j€eSs.

Probability using of the system for realization of telematics services

For the given services to evaluate the use of telematics as the indicator of
exploitation efficiency the probability of the technical use can be assumed. This
indicator expresses by synthetic manner the range of system utilization, and by this
it can be used to assess the quality of system work as well as process organization
supporting the realization of transport tasks. According to assumed model of ex-
ploitation process, telematics system may be described by ability and inability states
making correspondingly the subsets Sz = {s1, 52} and Sy = {s3,54}.

Let Ws makes a vector of the boundary probabilities of process to be in distin-
guishing states

We =(Pz,Py)

where: P; — process boundary probability to be the system in the subset of the
ability states Sz;

Py — process boundary probability to be the system in the subset of the inability
states Sy.

The boundary probability (for (# — oco) determining the coordinates of the vector
Wg is as follows:

P, = é’g =
E[1]+ B,E[T] ™
E[1]+ PLE[T, |+ P:EIT, ]+ P,PE[T |+ PLE[T, |+ B,PLEIT, |+ PP E[T, |+ B,PPLE[T, ]
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> mE[r]

ieSy

P —
> mE[T] (8)

keS

B:E[L]+ P,PLE[T )+ (B, + ByPy + PPy + P )EIT, ]
E[1]+ P,E[T, |+ BLEIT, ]+ P,PET, |+ PE[T, |+ B,PLEIT, ]+ PP E[T, |+ B,P,PLE[T, ]

where: E[T;] — time expected value of process to be in i—th state;

m; — stationary probability of the i -th state of the embedded Markov chain;

P;; — probability of process transition from the i—th state to the state j-th with
iLjeSsS

Similarly, the vector of using telematics system in the time of exploitation can
be determined. Let Wy, be the vector of the probability distribution determining the
time exploitation to use the telematic system to perform the given services

Ww = (wz, wy) )]

where: w; — exploitation time probability to stay by telematics system in the subset
of ability states;

wy — probability of necessity to realize the service when the telematics system
is in the subset of the inability states.

The values of these probabilities are

WZ=P2

WNZO

where: P, — stationary probability to occur the realization state performing the
telemetics service.

{; index of technical utilization can be determined as a product of boundary
stationary probability occurrence to stay by system in ability states and boundary
probability occurrence of states realizing the service. Thus, this index can be given
by expression

S=wy Pp=w,- L=
(10

_ R,E[R] E[1,]+ (B, - E[L,]}
(E[1,]+ PLEIL |+ PAEIT, |+ BoPLEIT [+ PLE(T, |+ P, PLEIT, |+ PLPLE[T, ]+ B,PPLET, ]

Potential ability to realize the service

Under given exploitation conditions a functioning quality measure of tele-
matics system can be done by overall exploitation efficiency index, which for given
time determines the implementation degree of tasks by mean of specific measures.
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Telematics system reliable operation are assured by principle conditions of system
functioning at determined possibility of the service realization. In case of some
telematics systems, e.g. dispatch communication system, the work efficiency re-
ferred to a given section of the railway line can affect the timeliness of realization
of transport tasks. If during the system work the failures occurs they may reduce
both the degree of transport safety, and reduced possibilities to use the system.

Telematics system can correctly perform the given tasks, if its elements and
components are reliable and exploitation process organization is correct. Unreliable
components using is not very effective, as in many cases they are responsible for
damage of system elements. If activities related to failure finding and repair ac-
complishing are completed before coming the service request, the system can be
effectively used for fulfilling tasks, which transport process aide.

Otherwise, the losses of telematic services implementation occur, which in
turn may require additional mobile-organizational performances to complete the
transportation and given service tasks. Then, the task can be accomplished using
other manners to transmit the telematics or other non telematics information to
perform the transport tasks.

For evaluation purposes of telematics system operation quality under such con-
ditions, the general indicator of exploitation efficiency can be used. This indicator
can be defined as the ability of task realization and makes a general measure of
telematics system functioning. Usually, it is expressed by the probability of events
which occur in given time and under given conditions and characterize the effective
and targeted use of telematics system to accomplish the telematic services supporting
the transport process.

In realization of telemetics services there can be considered following possibil-
ities to appear the random events at a given time and under given conditions. After
waiting period the system is able to realize the telematic service with a probability
Pz while the system failure occurs with probability probability when system is in
able

Py=1-P;

After time Ty depending on the complexity of the repair action, the system pass
over with to waiting state with probability equal to 1.

During the implementation of telematic services, also, the events damaging the
system appear.

From the implementation transport task perspective they are the worst case.

Frequently, these events lead to delays realization of transport tasks and in
specific cases: lack or wrong messages, degrades the safety of transport process. If,
stationary probability of such event is Pyg, the probability of opposite event Py is
equal to Pg = 1- Pyg and has meaning the correct operation of all elements of the
telematics system during the implementation of telematic services.
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Let for the events the time 7 waiting when the system to be repaired and
period time the system failure repair is less than the time Tk between the successive
requests for service implementations {7y < Tg}.

Then, the repair will be completed before coming the subsequent request for
telematic service and probability of this event is Pyr. Assuming as the probability
distribution of repair time the Erlang distribution with shape parameter equal 1, as
the distribution verified by practice i.e. [6], we have

k-1 (&)j T
Pyr =P{Ty <Tgr}=F(tg) =1~ Z TJW' exP {__R} v
=0

where: T — time interval between the implementation of the successive services;

Ty — time to be the system in the state of removal of the failure.

Py determines the probability to complete the system repair before coming the
successive demand for realization of the telematics service. Taking into account all
possible transitions among the states while telematics system waits for realization
of task and realize implementation of the service, the probability of realization of
the task can be determined. It express the system potential ability to perform a
task of transport supporting process. At assumption of system events independence
during waiting time and system transition to a service in realization states it can be
obtained the following stationary relationship defining the system potential ability
to service realization.

{p = PozPpzPr (12)

where: Poz — probability of the event that the waiting period for implementation of
the service, will be finished in the system state of ability;

Pp; — probability of the event that during the transition of system from the
waiting state to the state of realization, any failure will not occur;

Pr — probability of correct operation of the telematics system during the im-
plementation of the service.

Using introduced above probability meanings related probabilities can be ex-
pressed as follows:

Poz = Pz + (1 — Pz) Pyr = P1o + (P13 + Pis) Pyr

Ppz = Py

Pg =Py (13)
Tg = E[T)]

Ty = E[Ty]

where: T — expected time value to stay the telematics system in the able state waiting
for service realization;

Ty — expected time value to stay the telematics system in the subset of the
states of inability;
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E[Ty] — expected time value to stay the process in the subset of the inability
states;

E[T,] - expected time value to stay the process in the waiting state for realization
of the service;

P;; — transition probability of the exploitation process of telematics system from
[ — th state to the state j — th, indices i, j are the successive states of exploitation
processes.

Exploitation efficiency ratio indicating the potential ability of telematics system
for the service realization under conditions expressed by Eq. (12) and (13) can be
written in form:

{p =[Pz + (1 - Pz)Pyr]l PpzPr =

E [T
= {P12 + (P13 + P1a) {1 — exp (_E [[T;,]] )}}P12P21 = (14)

={Pi2+ (P13 +P1y) [1 —exp(=Y)]} P12P2

where:

Y= E[Ti] 4 _
P3 +P4
_ {PRRE[Ty]PRE[T 3]+ PiaE [T14]} - (P14 + P12Pos + Py Py3 + Pi3}

(P13 + Pio+ PR)E [T3] E [T4] + (P14 + P12P2s) E[T4]

15)

l4, — boundary intensity of the failure removal (repair) is:

— Pl4+P|2P24+Plz+Pz3Ps4 ( )
E[T |+ B,E[T, |+ P:EIT |+ P, PLE[T, |+ PLE[T, |+ B, P, E[T, |+ PP, EIT, |+ P, PP EIT,

L

Using the numerical values of the overall rate of telematics system exploitation
efficiency the expected number of tasks (telematic services) can be determined; they
are executed by the analyzed system for specified time periods. There is assumed that
the expected number of tasks E [UTp (At)] performed in the system haven’t losses
in the implementation of the requested service. Subsequently, expected number of
services provided by the telematics system with no loss in the real system can be
described by relationship:

E[UT (An)] = {,E[UTp (A1)] A7)

where: E [UTp (At)] — expected number of completed services in the system, which
works in fixed time interval Ar without losses;

E[UT (Ar)] — expected number of services to be the realized in a real telematics
system in fixed time interval At.
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For the transport telematics system shown in block diagram in Fig. 1 the ex-
ploitation efficiency was done with the use of indicators introduced above. Data for
calculations were obtained for microprocessor and computer railway traffic control
systems in studies conducted at the author contribution in the Railway Scientific
and Technical Center [6], [10].

Values of some parameters related to the handling of devices have been esti-
mated using the prediction methods presented in [7], [8].

P = 0.9998, E[T),] = 5,05 min, P13 = 0,00015, E[T)3] = 4,88 min,

P14 = 0,00005, E[T14] = 5,02 min,

Py =0,9997, E[T5] = 2,77 min, Py3 = 0,0002, E[T>3] = 1,57 min, P4 =0,0001,
E[T24] = 2,38 min, P34 = 1, E[T34] = 2,97 h, P41 = 1, E[T41] = 0,54 h

According to shown above assumption and evaluations the expected values to
be by system in distinguished exploitation states are as follows :

E[T1] = PRE[T12] + P3E[T13] + P14E[T14] = 0,084333 [h]
E[T2] = Py E[T2] + Py E T3] + PiaE [T24] = 0,085833 [h]
E[T3] = P3E [T34] = 2,97 [h]

E[T4] = Py E[Ts] = 0,54[h]

Exploitation states stationary probabilities of telematics system

P, — probability to be the telematics system in the able state, waiting for reali-
zation the task.

This probability has the form:

_ E[r]
E[T |+ P,E[T, |+ PLEIT, |+ P, PLEIT, |+ BLEIT, |+ P, PLEIT, |+ PyPLELT, |+ Py Py PLENT, |

=0,49197

i

In the assumed model of exploitation process for s, being the state of reali-
zation task the stationary probability is:

P = B E[T,] =0,49224
2 >
E[T |+ RLEIL |+ REIT |+ PyPAEIT |+ PLEIT, 1+ PoPLEIT [+ RPLEIT |+ Py PP ELT,
P3 — probability of waiting of the telematics system to be repair is expressed
as:
sz })IXE[T‘}]-'—PIZ})Z%E[T%] :0,30208

E[T |+ PLEIL |+ PLEIT, |+ Py PLET |+ PEIT, |+ PP, EIT, |+ PP EIT, |+ P, PP EIT,

Probability to stay by the telematics system in the repair state s4 is expressed
by the relationship:
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P Py EIT ]+ P, P BT ]+ Py Py BT+ By BT 000157
4 9
E[T, |+ B,E[T, |+ B,E[L, |+ P, P E[T |+ PE[T, |+ PP, E[T, |+ PP, EIT, |+ P, PP EIT, |

Process intensity to be in exploitation state

The boundary intensities of the exploitation states for the analyzed telematics
system can be calculated from the formula:

l; — the boundary intensity of telematics system to be in the waiting state to
realize the task is:

1

[ = =0,09728
' E[L ]+ BLE[L |+ PAEIT |+ Py PLE[T |+ PLEIT, [+ PP E[T, |+ PP EIT, |+ P,y PP EIT, |

[, — border intensity of the realization of service in the telematics system has the
from:

P

L= 12 =0,09649
* E[T ]+ PLEIT, |+ PyE[T |+ P, PyE[T |+ BLEIT, |+ PP EIT, |+ By PLEIT, |+ Py, Py PLELT,

l3 — border intensity of waiting of the failed system to carry out the repair

_ B+ B, Py _
I = =0,00017
E[L )+ PLE[T 1+ RAEIT |+ Py PEIT 1+ BEIT, [+ PP EIT, [+ PP EIT, |+ Py Py PG ELT
l4, — boundary intensity of removal of the failure
1)14+})121)24+F;31)34+1)211)231)34 :0,17548

] =
' E[n]+ PLE[L, |+ BLE[L, |+ P, PyE[T [+ BLEIT, |+ P, PLET, |+ ByPLEIT, |+ Py PP EIT, |

Time intervals between the j-hi exploitation states
The expected values of the intervals between specified exploitation states is

expressed by the formula:
E[T\] = E[Ti]+ PrE[T2] + P3E[T3] + P1oPyE[T3] + Pi4E [Ta] + P1oPyuE [T4] +
+P13P34E [T4] + P12P3 P E[T4] = 0,1713 [h]

E[T1]+ PpE[T2]+ P13 E[T3]+ P1a- Pos - E[T3] + P14 - E[T4] +P12'P24E[T4]+
P

E[Tx»] =

+P13 «P34E[T4] + P1a - Py3 - P34E [T4]
Pya
E[T\]+ PpE[T2] + Pi3E (T3] + PypiE T3] + PiyE [T4] + P1oPuE [T4]+
P13+ Py Pas

= 489,55 [h]

=0,1712[h]

E[T33] =
+P13P34E [T4] + P21 Pa3P3yE [T4]
P13+ Py - Py




Transportation Telematics Systems Operation Efficiency Modeling 113

E[T1]+ PpE[T:]+ P13 - E[T3] + P1y - Po3 - E[T3] + P1s - E[T4] +P12'P24E[T4]+

E[Twu] =
[74] Pigy+ Piy - Pyy + Py - Pz + Py3

+P13 “ P, E[T4] + Pro - Poz - P34 E [T4]

= 342,69 [h]
Py + Py Py + P Pz + Pp3

The average time of process staying in the subset of exploitation states
For such specified exploitation process the expected value of random variable
denoting the time of continuing ability to work the considered telematics system is:

X P Poap
i€s; +
EIT,]= — - LT = 340,33 [h]
>y n Py hPi3tPu)+b(Pas+ Po)
ieS, jeSy

In turn the expected value of staying of the telematics system in the subset of
inability states is expressed as follows:

b Py +P
E[T.]= ——— =—2 " —1,89h]
> FE % Pij l4 (P41 + Pay)
ieS_ "jesSy

Stationary probability of process staying in selected state subset
In the considered model the set S; the sub-states s; and s, are distinguished
and the boundary probability of ability state is described expression:

- mE[T]+mE|[T,]

P. =
" > m E[Ty]
keS

=P+ P, =0,98841

while the random inability states of the telematics system belong to the set

Sy = {s3, 51}

and the system boundary probability to stay in the inability subset of the states is:
_ mET3] + maE[T4]

> - E Tl
keS

P_ :P3+P4:0,03202

Indicator of operational readiness

The boundary indicator of the operational readiness of telematics system is
dependent on the changes of probabilities for exploitation states and the average
time durations of such states. Then, an indicator of operational readiness can be
represented as the sum of the boundary probabilities to stay the system in the
ability states. This gives:
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2 7ElT]
YA

keS

E[T]+ R,E(T,]

* E[L]+ RE[L]+ P.E[L]+ Py PoE (T, |+ PLE[T, |+ RyPLE (T, ]+ RuPLE [T, ]+ Py PP ET, |

=0,99237

Probability of system using for realization of telematics service
Taking into account formulas (7) and (10) the indicator of technical use takes
the value

C=w, P, =

(E[1,]+ B,E[T, |+ PE[T, )+ P, P,E[T, |+ PLEIT, |+ P, PLE[T, |+ Py PLEIT, ]+ P, PP EIT, I

Potential ability of the service realization
The exploitation efficiency ratio indicating the potential ability to implement
telematics services according to (12) and (14) can be written as:

{p =[Pz + (1 —=Pz)Pyr]l PpzPr =

= {Plz + (P13 + P1s) {1 —eXP(—E [Tl])}}Plzpm =
E [Ty]

={Pi2 + (P13 + P1g) [1 —exp (=Y)]} P12P>; = 0,99681

where:

_ E [T1] 14 _
P+ Py
_ {PRE[Ty] PE[T13] + PuE [T14]} - (P14 + P12oPoy + Py Py3 + Py3}

=11,7164
(P13 + Pio+ Pp)E [T3] E [T4] + (P14 + P12P24) E[T4]

Presented results of calculations can be used not only for evaluation of the exploita-
tion properties of telematics system technical equipment, but also for evaluation of
the organization process of exploitation. This is given by the ratio of operational
readiness, as well as the expected value to stay the system in a subset of maintenance
states: waiting to be repaired and repair of damage. Especially, an attention supposed
to be paid to the large value of waiting time for system repair. This time can be
reduced by better organization of the system exploitation in area of maintenance
organization.
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4. Conclusion

A number parts of transport telematics systems is characterized by complex,
expanded and redundant structure. This structure is subjected changes dependent
on changes on the input of the system and actual working correctness of system
components. Therefore, in the paper an attention was focused on defining the func-
tional state of these systems and the probabilities determining to be by the system
in given states. In order to achieve an overall assessment of transport telematics
systems operations as evaluation method the multi-state analysis of the exploitation
process was assumed. In the studies of system efficiencies the primary importance
problem is determining the efficiency of partial measures of efficiency. From this
point of view using the characteristics of the exploitation process a new model of
exploitation efficiency of telematics system and its verification quality was presented.

The presented method of exploitation process modeling of the telematics sys-
tems, especially, developed algorithms determining system characteristics and effi-
ciency indicators, can be useful in exploitation process planning and the process
organization. Mainly, in developing mechanisms, which ensure availability and con-
tinuity telematics services aided realization of transport tasks. In proposed method-
ology method, however, the aspects of economic efficiency analysis of telematics
systems exploitation were not included. Instead of that, the proposed model by
introducing the indicators of correct functioning of telematics systems can be also
used to formulate the indicators to assess the selected economic criteria, when
modifications related to determination of costs and benefits resulting from correct
work of the system exploitation states will be done.
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