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INTELLECTUALIZATION OF MONITORING VEHICLES BASED
ON THE USE OF PRECEDENTS
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Abstract. The article deals with the intellectualization process of vehicle monitoring through the use of
decision support systems for diagnostics of technical condition of vehicles on the basis of precedents.
A generalized architecture of a tool program complex to seek solutions on the basis of precedents is
proposed. A tool design precedents library is used in intelligent decision support system prototype so-
lutions to meet the challenges of expert diagnosis and operative management of complex objects.
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IHTEJEKTYAJII3BAIIA ITPOLUECIB MOHITOPUHI'Y TPAHCIIOPTHUX
3ACOBIB HA OCHOBI BUKOPUCTAHHSA NPELHEJIEHTIB
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XapkiBcbKUil HANIOHAJIbHUIT ABTOMOOLILHO-T0POKHIii yHIBepcUTeT

Anomayia. Pozensinymo numanus inmenekmyanizayii npoyecie MOHIMopunay mpaHcnopmy 3da 0ono-
MO2010 3aCMOCYB8ANHS CUCEMU NIOMPUMKY RPULHAMMS PileHb 01 0IaeHOCIMUKYU THeXHIYHO20 CIAHY
asmomo0inie Ha OCHO8I npeyedeHmie. 3anpPoOnOHOBAHO Y3a2albHEHY apXimeKmypy IHCMPYMeHMAlIbHO-
20 NPOPAMHO20 KOMNJIEKCY HOULYKY PIUeHHS Had OCHO8I npeyedeHmis.

Knrouoei cnosa: mpancnopmuuii 3acio, cucmema niOmpumKu NpuiHamms piulenb, OiaeHOCMUKA,
npeyedenm, dibaiomexa npeyedeHmis.

UHTEJUIEKTYAJIM3AIIUSA ITPOECCOB MOHUTOPHUHI'A TPAHCIHOPTHBIX
CPEJICTB HA OCHOBE UCHIOJIb30BAHUS NPEHEIAEHTOB

B.M. IlaBjeHko, Jao01l., K.T.H.,
XapbKOBCKM HAMOHAJIbHBIA ABTOMOOUIbHO-10POKHbIN YHUBEPCUTET

Annomayusa. Paccmompenvl 6onpocel unmeniekmyaiuzayuy npoyeccos MOHUMopuH2a mpancnopma
€ NOMOWBIO NPUMEHEHUSL CUCTHEMbBL ROOOEPIICKU NPUHAMUSL peuteHull 0151 OUACHOCIMUKY MEXHUYEeCKO20
cocmosHus asmomoobuneli Ha ocHoge npeyedenmos. Illpednosicena 0000wennas apxumexmypa
UHCMPYMEHMAIBHO20 NPOSPAMMHO20 KOMNIEKCA NOUCKA peuleHUs Ha OCHO8e NpeyeoeHmo8.

Knrouesvle cnosa: mpancnopmmuoe cpedcmeo, cucmema ROOOepHCKU NPUHAMUSL PeuleHutl, OUdeHo-
cmuKa, npeyeoenm, oubauomeKa npeyeoeHmos.

Introduction

Over the past decade in the automotive industry
there is a breakthrough in the development of
electronic control systems that allow the intro-
duction new technology, are knitted with the
management and control of the vehicle and its

systems work. Modern diagnostic systems actu-
ally generate information in the form of numeri-
cal values of diagnostic parameters without
specifying the problems that are identified
through the analysis of these parameters, an ex-
pert who conducts diagnosis that requires ap-
propriate training of specialists, and is associat-
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ed with relatively high labor content and the
economic value of the diagnostic work.

Analysis of publications

Evaluation of technical condition of vehicles is a
priority that requires use of specialized decision
support systems (DSS). Existing methods of
diagnosis do not cover the whole range of exter-
nal influences which vehicles are exposed dur-
ing operation. The complexity of solving this
problem is caused by a weak formalization of
information about the failure, which are describ-
ing the nature, the lack of systematic infor-
mation about the nature and changes in external
factors, a large number of monitored parameters
and relationships between them, and the lack of
statistical data on the operation of the vehicle.

In this regard, only professionals with extensive
experience in the diagnosis of specific vehicles,
can made a decision on a particular failure is
usually finding a solution «by analogy» with
pre-failure or malfunction, adapting previously
decided in current situation.

So promising is the solution to the problem of
diagnostics of vehicles by creating DSS that
simulates human reasoning based on the effi-
cient use of existing experience, presented in the
form of use cases [1]. This system allows you to
summarize information, to adapt to its changes,
to communicate with the user in a natural lan-
guage, decision-making under conditions of in-
complete, unreliable and contradictory infor-
mation.

Availability reasoning mechanism based on
precedents in expert diagnosis system allows
timely and better quality to carry out diagnostics
of vehicles and makes it possible to take appro-
priate and cost-effective solutions in order to
normalize the problem situation [2].

With the emergence of intelligent systems (IS)
for different purposes, and the transfer of the
center of gravity on the model and knowledge
representation and processing methods signifi-
cantly changing the apparatus of formal consid-
erations, combining a means of reliable and
plausible conclusions [3]. Mechanisms of plau-
sible reasoning in IS decision support systems
(ISDSS) for monitoring and control of complex
objects and processes of different nature, allows
for rapid diagnosis of the problem situation and
helps decision-makers to choose a suitable alter-

native of the possible alternatives when making
critical decisions.

Purpose and problem statement

Purpose of work — solution to the problem of
intellectualization of transport monitoring pro-
cesses through the use of decision support sys-
tems for the diagnostics of technical condition of
vehicles on the basis of precedents.

Using a precedent for monitoring vehicles

In most encyclopedic sources precedent (from
the Latin «praecedentis» - provisional) is de-
fined as a case that occurred before and that ex-
emplifies or justification for future cases of this
kind [2]. The conclusion on the basis of prece-
dents (CBR — Case-Based Reasoning) is an ap-
proach that can solve new, unknown problem
using or adapting solutions are already known
problem that is already using the experience to
solve such problems.

An approach based on precedents arising in the
development of research in the development of
expert systems (knowledge-based). Expert sys-
tems were first generation systems based on
rules (type of production), which involved a ra-
ther well-formalized problems. To solve such
problems or methods used reliably concluded
that based on the initial data in accordance with
the existing set of rules in the system formed
opinion on current issues or methods of plausi-
ble inference in cases of uncertainty probabilis-
tic nature (bayesovskyy method, based on sub-
jective probabilities, etc. p.).

Unfortunately, most practical tasks aimed at
open and dynamic subject areas are poorly for-
malized, and uncertainty can have probabilistic
nature. When seeking a solution of such prob-
lems is necessary to use methods of plausible
inference that allow us to find some decision
(which may not be optimal) solution. One ap-
proach is based on the fact that a person (expert,
the person who makes the decision (PMD)) typ-
ical of the first stage of finding a solution to new
(unknown) problem, try the decisions taken ear-
lier in these cases, and if necessary adapt them
to the problem (the current problematic situa-
tion). This approach using experience formed
the basis of considerations modeling techniques
based on precedents.
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The basis for the development of this approach
and corresponding CBR-systems was the work
of R. Schank and R. Abelson [4], which in-
volves problems of memory and knowledge rep-
resentation. In this paper the present knowledge
of problematic situations in the form of so-called
stereotypical scripts or scripting events to im-
plement search solutions, forecasting and train-
ing. In the early 80 s R. Schank and his research
group at Yale University continue research re-
lated to the dynamic memory model and models
for reasoning based on precedents, which was
realized in the first J. Kolodner CBR-system
CYRUS [5, 6]. Further, these ideas have given
rise to the creation of other CBR-systems such
as MEDIATOR, CHEF, etc.

Currently, interest in technology and CBR-
systems has increased significantly, regularly
hosts international conferences and seminars
(ICCBR, ECCBR, UKCBR) [7]. Appeared a
number of software products, including com-
mercial reasons realizing mechanisms based on
precedents - CBR Express, Case Point and ART
Enterprise (Inference Corp.), Eclipse — The Easy
Reasoner (Haley Enterprises), ReMind (Cogni-
tive Systems Inc .), Apriori (Answer Systems),
DP Umbrella (VYCOR Corp.), KATE
(Acknosoft), ReCall (ISoft) and others [8].
Methods for reasons based on precedents have
been actively used in areas such as medical di-
agnostics, law, monitoring and diagnostics of
technical systems, search for solutions to prob-
lem situations, etc. This approach is the basis of
machine learning and provides opportunities for
the formation of corporate memory.

Typically, the process of withdrawal based on
precedents includes four main stages that form
the so-called cycle considerations based on case
law or CBR-cycle [1], the structure of which is
shown in Fig. 1. The relevant literature CBR-
cycle is also called the cycle of training on prec-
edents (examples). The main stages of CBR-
cycle are:

— extract the most adequate (like) precedent (or
precedent) for the situation with the library
precedents (LP);

— re-use remote precedent for attempts to solve
the current problems;

— review and adapt, if necessary, of the solu-
tion according to the current problem;

— preserving (storing) the decision again as part
of a new precedent.

— the method of extraction of precedents on the
basis of knowledge (as opposed to the previous
method allows to take into account the
knowledge of experts (PMD) for a particular
domain (coefficients of importance parameters,
identifying dependencies, etc.) for withdrawal of
cases. The method implements an approach
based on indexing precedents special. way (se-
mantic indexing) When determining the prece-
dents taken into account the importance of prec-
edents option is the expert or decision-makers,
and other information that allows you to take
into account the knowledge of the particular
subject area).
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The benefits of reasons based on precedents in-
clude:

— the ability to directly use the experience of
the system without intensive involvement of an
expert in a particular subject area;

— the possibility of reducing the search time
decisions through the use of existing solutions to
this problem;

— the possibility of excluding re getting errone-
ous decision;

— no need for in-depth study and use all availa-
ble domain knowledge, as can be limited to con-
sidering only the essential features of the subject
area;

— may use heuristics that increase the efficien-
cy of finding a solution.

The main purpose of using precedents within the
vehicle is ready to issue decisions operator
(PMD) for the current situation on the basis of
precedents that have occurred in the past in the
data management or similar object (system).

Methods of extracting and presenting
precedents

In the first stage CBR-cycle — extraction of
precedents - is performed to determine the de-
gree of similarity of the current situation with
the precedents of LP and their subsequent with-
drawal in order to solve this new problem situa-
tion. For successful implementation of the ar-
guments based on the case law is necessary to
ensure the correct removal of precedents with
LP.

The choice of method of receipt precedents di-
rectly related to the process of presentation of
precedents and thus LP organization. LP may be
included in the base system of intellectual
knowledge, but can also act as a separate com-
ponent of the system. Structure LP significantly
affects various system operation parameters, and
in particular, search and retrieval time prece-
dents. There are different ways of presenting
and storing precedents - from simple (linear) to
complex hierarchical. Precedent in general can
include the following components [1]:

— description of the problem (the problem);

— the solution of problem (diagnosis of the
problem situation and recommendations PMD)
— result (or forecast) application solutions.

The result can include a list of actions taken,
additional comments and links to other prece-
dents. The precedent may have both positive and

negative results of application solutions, in some
cases, can be driven justify the selection of the
proposed solutions and alternatives. The main
ways of presenting precedents can be divided
into the following groups:

— parametric;

— object-oriented,

— special (as trees, graphs, logical formulas,
etc.).

In most cases, to represent precedents rather
simple parametric representation, that is the rep-
resentation of a precedent in the form of a set of
parameters to specific values and the decision
(diagnosis and recommendations PMD)

CASE =(x,,...,x,,R), (1)

where xi, ..., x, —the parameters of the situation,
describing the precedent; x; € X, ..., x,€X,, n —
number of parameters precedent; X, ..., X, — the

tolerance values of the corresponding parame-
ters; R — diagnosis and recommendations of the
decision maker.

There are the following methods for the extrac-
tion of precedents and their modifications:

— the method of the nearest neighbor (NN —
Nearest Neighbor). (The most used method of
comparison and extraction precedents It allows
easy enough to calculate the degree of similarity
of the current problematic situation and prece-
dents with LP to determine the degree of simi-
larity on the set of parameters used to describe
the use case and the current situation, introduced
a metric. Further, in accordance with the select-
ed metric is determined by the distance from the
target point corresponding to the current prob-
lematic situation, to the point representing prec-
edents with LP, and the closest point to the se-
lected destination);

— the method of extraction of precedents on the
basis of decision trees (based on finding the
necessary precedent by addressing the tree tops
solutions. Each node of the tree indicates which
of its branches should be carried further search
solutions. The choice of branches is based on
information about the current problematic situa-
tion. It is necessary to reach the final the top of
which corresponds to one or more of the prece-
dent);

— the method of extraction of precedent with
regard to their applicability (in most systems,
using reasoning mechanisms based on prece-
dents, it is assumed that the most similar to the
current problematic situation precedents and the
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most applicable in this situation. However, this
is not always the case. At the core, based on ex-
traction methods the applicability of precedent is
the fact that the extraction of precedents based
not only on their similarity to the current prob-
lematic situation, but also on how well the de-
sired results for the model they represent).

Of the four methods discussed, the most com-
mon method is nearest neighbor. The method is
based on a specific method for measuring the
degree of similarity (closeness) and the prece-
dent of the current problematic situation. Of
course, the effectiveness of the method of the
nearest neighbor is largely dependent on the
choice of the metric.

Selecting appropriate metrics creative and very
time-consuming task, the successful solution of
which depends the effectiveness of the search
and retrieval of cases. In each case, the choice is
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performed in different ways, depending on the
user's objectives (PMD), and the physical nature
of the statistical information used in the man-
agement of complex objects and other con-
straints and factors influencing the process of
finding solutions. In some methods, the selec-
tion of appropriate metrics is achieved by using
special algorithms convert attributes of the orig-
inal space, in others — expert (PMD) itself de-
fines a metric based on their own knowledge of
the subject area or the experimental data.

Implementation mechanisms of reasoning
based on precedents

Let’s consider a software implementation of
mechanisms to find a solution on the basis of
precedents in ISDSS. The generalized architec-
ture software tool (the system) to find a solution
based on precedents — Constructor LP (CLP) is
shown in Fig. 2.

Interface with an expert system

 e——

Fig. 2. Software architecture complex KBP

The main components of the CLP, reflecting its
functional capabilities are:

— current situation analysis unit on the vehicle,
for the pretreatment of object state information
(sensor data management system controllers,
operative LP, PMD, etc.);

— LP tuner, provides the opportunity to work
for LP expert (formation of LP structure, load
LP, saving LP, etc.);

— the block to find a solution that implements
the mechanisms of plausible reasoning based on
precedents (precedents for implementing the
withdrawal of the problem situation);

— block delivery of results, outputs results (di-
agnoses and recommendations) to the user
(PMD) to the problem situation based on exist-
ing case law indicating the degree of similarity
of these precedents to the current situation;

— LP with precedents that have already taken
place in the management of the object and its

sub-systems, or to ask experts on the basis of his
own experience;

— interface with users (experts and PMD), the
vehicle and the environment.

The tool CLP is used in the prototype ISDSS to
meet the challenges of expert diagnosis and sur-
gical management of complex objects. Under a
complex object, it refers to an object that has a
complex architecture with a variety of relation-
ships with a large number of controlled and
managed parameters and small time of the adop-
tion of the control actions. A typical example of
such an object is the vehicle (car). As a rule,
complex objects decomposition on technological
subsystem (in a car it is a technological subsys-
tems of his system: fuel system, ignition system,
cooling system, brake system, etc.) and can be
operated in different modes.
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To describe a complex object and its sub-
systems using a plurality of parameters of ana-
log, digital, and digital. Condition of object is
characterized by a set of values of these parame-
ters. In the operational mode parameters read
from the sensors to control the entire object is
made by the system controller to time interval
through which you need to give the PMD (oper-
ator) for a specific diagnosis of the situation and
make a recommendation about the necessity of a
control action or sequence of actions. Diagnos-
ing and identifying the control actions carried
out on the basis of expertise, production sched-
ules and operating instructions [9]. As a general
rule, to solve this problem solver used, function-
ing on the basis of the rules of production type.
In the event of abnormal (freelance) situations at
the facility there is the need for methods of plau-
sible reasoning, in particular, methods of search
solutions based on precedent.

CLP is used to create a LP [10], since the for-
mation of precedents structures, their savings,
checking for new precedents for the presence of
contradictions (counter examples), further test-
ing LP using the methods of searching for a so-
lution based on precedents (the selection coeffi-
cient values the importance of object parame-
ters, determining the source (initial) values of
the degree of similarity is adequate metrics for
the domain precedent extraction, etc.) and fin-
ishing LP retaining it for further use in the oper-
ational mode ISDSS functioning.

Conclusions

In the course of the study it was found that on
the basis of precedents diagnostics allows us to
solve not fully formalized vehicle diagnostic
tasks, simplify the acquisition of knowledge
from experts to reduce the search time solutions
and implement self. The proposed architecture
software system CLP diagnosis of vehicle. The
main components, which reflect its functionali-
ty, there are precedents base unit settings, and
obtain precedents. Application ISDSS reduces
the traffic load on PMD in decision-making,
reducing the influence of the subjective factors
in the analysis of the current situation, reducing
the time needed for a decision.
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