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Parameters of the technical
condition of transportation means
in modern transport-logistics and
infrastructure systems are an inte-
gral element of their communica-
tion support. This is enabled by the
use of remote information moni-
toring technologies in control pro-
cesses. The object of this study is
the processes of vehicle remote
monitoring in terms of determining
the technical condition. The work
addressed the task of improving the
process of vehicle technical oper-
ation through the construction of
a model of the remote monitoring
system of its technical condition.
A remote version of the informa-
tion-analytical monitoring system
was implemented. The work con-
siders the system interaction of the
means of remote monitoring of the
state of a vehicle to ensure control
under the operating conditions of
the driver's work and rest modes.
Road, transport, climatic condi-
tions, etc. were taken into account.
Considering these features, an in-
JSformation and analytical model
of the system for remote monitor-
ing of vehicle condition was built.
Features of the subject area of the
system are described using a DFD
diagram. A structured information
model of the information-communi-
cation system has been constructed,
which has the ability to actually
provide vehicle remote monitoring,
the driver’s work and rest modes,
and his/her physical condition. The
results, subject to the use of the V2I
information model in the field of
transport, allow remote monitoring
of the vehicle technical condition.
Specifically, to analyze the influ-
ence of changes in the physical con-
dition and modes of work and rest
of drivers on changes in the vehicle
operating parameters
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1. Introduction

ment and fuel consumption of freight vehicles [4—6] during

Much attention has always been paid to the process of
obtaining parameters of the condition [1-3], speed of move-

their operation. However, their simultaneous analysis was
not carried out depending on the driver’s work and rest re-
gimes (DWRR), the driver’s physical condition (DPC) and




operating conditions [7—10]. Information about the DPC and
DWRR parameters under operational mode is currently not
available. It is received by technical services late [11-14], most
often after the end of the route. It is after the completion of the
route that the transport company has the opportunity to check
compliance with the conditions of DWRR and analyze its im-
pact on vehicle technical condition [15—18]. Therefore, in the
practice of operation of freight vehicles, there is a need to pro-
vide remote monitoring and analysis of the impact of changes
in DPC, DWRR on the technical condition of vehicles [19-21].
The use of information and telematics systems is now
quite widespread in the automotive industry, as well as in
mechanical engineering in general [21-25]. They are termed
intelligent systems because, in addition to collecting infor-
mation, they process and analyze it. They can also give rec-
ommendations depending on the tasks of vehicle operation.
Usually, operational control over the technical condition
of trucks collects and analyzes not only data on mileage and
location but also many other parameters — load, fuel consump-
tion, speed, tire pressure, etc. [26, 27]. There are a number of
shortcomings in the existing systems and programs of inte-
grated control over cargo vehicles. First, the impossibility of
assessing the impact of DPC on compliance with DWRR [28].
Secondly, it is impossible to assess the influence of parameters
of the vehicle technical condition, DPC, and DWRR on fuel
consumption [29]. Thirdly, it is complicated rational manage-
ment of vehicle operation parameters under operative mode,
taking into account road and operating conditions [30], etc.
Therefore, it is a relevant task to investigate ways to
eliminate the above-mentioned shortcomings. Results of such
studies are needed in practice because they allow obtaining
information about the influence of DPC, DWRR, qualifica-
tions, and experience of drivers on the technical condition of
vehicles based on remote monitoring of the specified groups
of parameters. Given this, the quality of managing vehicles
under operational mode by means of I'TS could improve.

2. Literature review and problem statement

Work [31] describes an information system for the inter-
action between the vehicle and infrastructure; however, not
enough attention is paid to taking into account the transport
and road conditions of vehicle operation. In [32], the system
of training and safety of a vehicle under the conditions of
intelligent transport systems was considered; however, little
attention was paid to the influence of vehicle performance
during its operation. In work [33], the general concept of the
development of intelligent transport systems is considered, but
it lacks an analysis of the dependence of fuel consumption of
vehicles, parameters of the technical condition of vehicles and
DWRR. In work [34], attention was paid only to the cyber
protection of vehicles, but it has all the above-mentioned disad-
vantages. In work [35], issues of development and construction
of intelligent transport systems are considered; however, as
in most other works, the systems and programs presented in
them have shortcomings in terms of integrated control over
vehicle operation. But a characteristic feature of the above
papers is that the issues related to the formation of the system
interaction of remote monitoring tools remained unresolved.
Enabling and observing the modes of work and rest and the
physical condition of the driver, taking into account the vehicle
technical condition during operation, taking into account road,
transport, climatic conditions, etc. The reason for this was

the objective difficulties associated with the unpreparedness
of vehicle operation infrastructure and monitoring tools for
system interaction as part of software-analytical systems under
operational conditions. An option to overcome the relevant
difficulties may be a full-fledged development on the updated
infrastructure and monitoring hardware base of the V2I infor-
mation model of the system of remote control over the technical
condition of vehicles and DWRR. Elements of this approach
are used in [36]. However, for the full implementation of such
an approach, it is necessary to rationally form the subject area
of the information system of operational remote control over
the technical condition of vehicles and DWRR. The method
of system interaction of parameters in the middle of it and to
construct a general information model of the subject area of the
system and the structure of its functional capabilities and, of
course, to confirm its efficiency. All this gives reason to assert
that it is expedient to conduct a study on the development of
the V2I information model. That could improve the quality of
the cargo transportation process and its level of safety.

3. The aim and objectives of the study

The purpose of our study is the construction under oper-
ating conditions, taking into account road, transport, climatic
conditions, etc., of the system interaction of the means of re-
mote monitoring of vehicle technical condition with the control
of compliance with DWRR, DPC regimes, and taking into ac-
count their influence. This will make it possible to enable high
performance and fuel efficiency of the vehicle. Control is car-
ried out with simultaneous consideration of DWRR and DPC.

In order to achieve the set goal, it is necessary to solve
the following problems:

—to form the subject area of the model of system in-
teraction of parameters and the information system of
operational remote control of the technical condition and
DWRR and DPC;

— to build a model of remote monitoring and system in-
teraction of state parameters;

—to construct a general information model of the sub-
ject area of the system of remote operational control of the
technical condition of cargo vehicles and DWRR and DPC;

—to design the structure of functional capabilities of
the monitoring system and to consider the features of infor-
mation exchange between elements of the vehicle technical
condition control model;

—to present the results of remote implementation of
control over the technical condition of vehicles using an
information-analytical model.

4. The study materials and methods

The object of our study is the processes of operation and
remote monitoring of the technical condition of a cargo ve-
hicle with a trailer during operation.

The subject of the study is to determine ways of remote
control over the technical condition of a cargo vehicle with a
trailer under real operation conditions and methods of their
systematic implementation by means of intelligent transport
systems (ITS).

The main hypothesis of the study assumes the possibility
of increasing the efficiency of the operation of a cargo vehi-
cle with a trailer due to unification on the basis of a system



approach and the formation of variants of the schemes of the
information system for monitoring the technical condition of
vehicles with a trailer, DWRR, and DPC, the application of
the provisions of graph theory, databases and sets under the
conditions of modern infrastructure by means of ITS.

Accepted assumptions in the development of the object of
research: the search for optimal information exchange in the
processes of remote monitoring of the technical condition of
a cargo vehicle with a trailer during operation.

The research methods used in our research are based on
the methods of experimental research, information exchange,
a systematic approach to the formation of variants of the
schemes of the information system for monitoring the tech-
nical condition of vehicles with a trailer, DWRR, and DPC;
graph theory, databases, set theory, regression analysis, etc.

3. Results of constructing the systemic interaction
between means of remote monitoring of vehicle
technical condition

5. 1. Forming the subject area of the operational re-
mote monitoring information system

Vehicle monitoring systems that exist today do not have
the ability to take into account the influence of DWRR and
DPC on the technical condition of vehicles during opera-
tion [8—11, 20-24, 28-38].

Improvement of the model of control and management of
operating modes of the vehicle, its technical condition, aims
to increase the reliability of the information received.

At the same time, the performance parameters of the
vehicle, DPC, and DWRR are determined. As a result,
it should show how the quality of truck operation man-
agement might improve owing to intelligent transport
systems (ITS). This is possible through the correction
of operating conditions of the vehicle and modern in-
formation and telecommunication technologies, using a
probabilistic mathematical model and serial specialized
equipment [8—11, 20-24, 38—45].

Management of operating modes and technical condi-
tion of a vehicle with an internal combustion engine (ICE)
[8—11,42-45], according to the proposed method of remote
control, is carried out using the constructed scheme of infor-
mation exchange between elements of the information and
analytical system (Fig. 1).

This system includes [8—11, 2024, 45-50]:

— system sensors;

— OBD-II system lines;

— OBD-II adapter (scanner);

— connection to the paired device using USB, Wi-Fi, or
Bluetooth, and through the installed on-board IC;

— installed additional on-board sensors;

— tracker (scanner-communicator controller);

— a means of registration of DWRR,;

— means of connection via GPS, a-GPS, SBAS (Satellite
based Augmentation System), GLONASS, Internet, or a lo-
cal network with a Web server, GPRS (hereinafter Internet);

— database;

— software;

— intelligent software system «CMV>.

After receiving operational information, it is transmitted
to the participants of the transport operation process and to
the automated workplace of the internal network (AVM VM)
via the Internet.

They also provide the functionality of ICC [8—11, 20—
24,33-40]:

— identification of the vehicle in the stream;

— the possibility of working with software systems that
use different interfaces;

— operation of a vehicle with an internal combustion
engine;

—system interaction and information exchange with
vehicle sensors, which are connected using special wired
communication lines — K-line, L-line, and CAN lines;

— data transfer;

— functional interaction.

All this is used for:

— determination of parameters of vehicle’s technical
condition;

— maintenance and repairs;

— the possibility of evaluating the performance of the
vehicle;

— determination of hourly (urgent) conditions of opera-
tion of the vehicle;

— formation of geozones;

— operational safety;

— working with services and maps;

— connections to software applications of the server;

— data processing;

— informing, eliminating, and transferring information
about errors and malfunctions in vehicle operation to the
external storage;

— assessment of the impact of DWRR on the vehicle
technical condition.

One of the features of our information system for mon-
itoring cargo vehicles is the equipment for checking the
physical condition of the driver and DWRR. Information
from which is transmitted to the modern ICC to determine
the impact of these parameters on the vehicle technical con-
dition. Most of the parameters are measured by the on-board
ICC of the cargo vehicle, after which it registers them on a
remote computer [46—49]. Corresponding reports on speed
and fuel consumption, driving modes, vehicle coordinates
(with specified geozones), DWRR, and driver’s physical con-
dition are also generated. ICC, using a probabilistic math-
ematical model, evaluates vehicle technical condition. In
accordance with the vehicle performance requirements, the
operating conditions are adjusted and the influence of the
DWRR parameters and the physical condition of the driver
on the vehicle technical condition is analyzed.

As a result, using the probabilistic mathematical model
of ICC and serial specialized equipment, control over the
technical condition of TK, DWRR, DPC, and safe operation
of vehicles is executed. Also, owing to the possibility of re-
mote adjustment of truck operating parameters, it is possible
to improve the quality of managing the rational operation of
trucks using ITS tools.

A data flow diagram (DFD - Data Flow Diagram)
[8—11,20-24, 50—57] was used to define the subject area
of the information model for remote monitoring of the tech-
nical condition of freight vehicles during operation. Data
flow diagrams are one of the main means of modeling the
functional requirements of future software. With their help,
these requirements are broken down into functional compo-
nents and represented in the form of a network connected by
data flows [8-11,20-24, 52—-57]. These tools demonstrate
the transformation of their inputs into outputs, and the dis-
covery of relationships between these processes.
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Fig. 1. Block diagram of remote information exchange between elements of the constructed information
and analytical system of operational control over vehicle technical condition: where AVMVM is an automatic
workplace of the internal network of the system; CMV is a module of operational control over
vehicle technical condition

Such a system model describes the transformation of fully
processed information and looks like a hierarchy of data flow
diagrams. At the same time, each subsequent level of the hierar-
chy specifies the asynchronous process of information process-
ing. This happens until the next process is defined as elementary.

The built diagram (Fig. 2) of DFD data flows represents
the highest descriptive level of the vehicle monitoring sys-
tem. With the help of the decomposition of the objects that
make up this diagram, further refinements of the model were
carried out.
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3. 2. Construction of a model of remote monitoring
and system interaction of state parameters

The study of the system «Truck vehicle — Truck trailer —
DPC - DWRR - Conditions of operation of vehicles on the
route — Infrastructure of vehicle operation» was carried out
on the basis of a general approach based on the construction
of a model of remote control over the technical condition of
a cargo vehicle, DWRR, DPC. It consisted of the system
interaction between the main components of the monitoring
process. Specifically:

— vehicle and trailer with driver and ICC;

— operational conditions of the vehicle (transport, road,
atmospheric and climatic conditions, and culture of vehicle
operation) [8—11, 20-24, 58];

— transport infrastructure and road infrastructure (Fig. 2).

The construction of a model for monitoring the parame-
ters of vehicle condition in interaction with the parameters
of DWRR, DPC is shown in (1):

Q( £ (wehicle+trailer) 3
ceiclestrailer )

Q( Honwrp) 3
MWRD)

Qo M

F e
(FCD)
Qpery———

ey
Qooy—

where Qehicie+traitery is the set of models of the condition of
vehicle with a trailer, Quswrp) is the set of models of DWRR,
Qqren) is the set of models of DPC, Qo) is the set of models of
operating conditions; Feehicie+¢raitery — functional representation
of models of the state of vehicle with trailer, Fwrp) — func-
tional representation of models of DWRR, Fzcp) — functional
representation of DPC models, Fo¢) — functional representa-
tion of models of operating conditions of the vehicle.

The construction of the model for managing the vehicle tech-
nical condition in interaction with DWRR, DPC is shown in (2):
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where the process of correction Qcyop — a set of vehicle
control models has the possibility of correction due to:
Q’y — variability in terms of speed, fuel consumption, vehi-
cle condition; Q. — Operating modes of the truck crew;
Qrep — crew change procedures, technological stops of the
vehicle for crew rest.

5. 3. Construction of a general information model of
the subject area of the remote operational control system

The database model of the information system for the op-
erational monitoring of the vehicle technical condition and
the modes of operation of the crew under operational condi-
tions was built [8—11,20—24, 58]. The model of the subject
area My of the remote system for monitoring the parameters
of the condition of a cargo vehicle includes the following
components: DWRR control (tachograph), tracker, and
DPC registration tools. It is represented as the following set
of constituents and components of the information system:

— parameters of the technical condition of the MTZ
vehicle;

— DWRR regimes M;

— additional parameters of the state of the vehicle, trailer,
environmental indicators of the vehicle M,;

— the physical condition of the driver M g¢p.

The general form of the formulas is:

Fep |y
Vv Vm’ Vout’E/?H P R>
FyH,P.R,)

< g’ rgm’ Lgaut’ g g g

S O

: ()
0, Vyour By H,y PR, )

tr? Zrm’ trout? " tr) ") T r?

0]

FCD? FCD in? FCD out’FFCD’HFCD’PFCD’RFCD>

For the functional of the domain model (3), it is possible
to write the following dependences: Vyi,={vvjeLyi,} — as for
sets of input information elements; Vy;,={ovj|€Lyi,} — as
for sets of initial information elements; Vy;eVy;, — as_for
complete sets of information elements; F, =1 f,,|i, =11,
as for sets of usage functions; H, = {}% |]Vg 1,_]V} —as for
sets of data processing tasks of the parameter control system;
P, = { Pul k=1, KV}, where Pis the set of users (composition
and number of personnel), which should enable monitoring
of the parameters of the vehicle, DWRR, tracker, DPC in
the vehicle status system; R, = {rvy ly, =1, Yv}bwritten for the
set of possible relations of the system. Also, by analogy, it is
recorded for implementation for Mz, My, M gcp.

The formalized construction (description) and analysis
of the system of remote technical control of vehicle condi-
tion, with the use of the DWRR, DPC, tracker controls and
their analytical description was performed using Boolean
adjacency matrices. The relations of Ry, R, and Ry, Rrcp
among constituent components My, M,z and My, Mpcp (3) of
the subject area of vehicle system are described accordingly.

The following types of complex relations between the sets of
the system {F,H,P,0,V,R} were selected for the subject areas
of the vehicle state (cargo with trailer). The obtained rela-
tionships are entered into the appropriate tables to describe
the main subject area of the experimental system for con-
trolling the parameters of the vehicle, the tracker, and means
of control over DWRR and DPC.
The main formulas are given below in a general form:

F = fuh); %)
EP, =|fopval; (5)
EO, =|/y0,,; (6)
EV, =|froval: @)
HyP, =[] ®)
H,0, =|ho,,|; )
HV, =|ho,,; (10)

Oy =lov oy (11)

By analogy, we distinguish the types of relations formed
for the implementation of the subject area of vehicle, means
of monitoring DWRR and DPC in the system of the state of
cargo vehicle. By using Boolean adjacency matrices, which
precisely determine the correspondence of relations Ry be-
tween the main components of the subject area (My), it was
possible to form an analytical description of the semantics of
the system. Matrix elements that have a relationship (joint
relationships) between components are equal to 1, and if not,
then they are equal to 0 in this case. Within the information
model, a set of relationships (joint relationships) between the
main components of the subject area of cargo vehicle with a
trailer My is defined [8—11, 20-24, 58].

The set of structural elements of the system for moni-
toring the state of vehicle was determined in the following
form: elements of the sets of information elements of auto-
mation objects (V) as a product with elements of the sets of
automation objects (O) and were indexed accordingly. As a
result of the determination, a set of elements of the system of
monitoring the vehicle condition with a trailer was obtained:

D, ={d|l, =1.67}, (12)
P,(D,)=67, (13)
D, ={d|l,=80.99}, (14)
P,(D,)=20, (15)

1, =120.134}, 16)
P,(D,)=15, (17)
Dy ={d|l}, =111}, (18)
Prep (Drep) =11. (19)

The definition of the set of precedence C(d;) and reach-
ability F(d;)VdeD was made possible by the coincidence



of the semantic reachability matrices A and the semantic
adjacency matrix B.

The single entries in each i-th column of the matrix
correspond to the elements of the precedence sets C(di),
and the single entries in each i-th row of the semantic reach-
ability matrix A correspond to the elements of the set F(d}).
The identification of basic types of structural elements,
such as information elements and groups, is possible owing
to the analysis of the precedence set C(d;). Precedence set
structures C(d;)=0 correspond to information elements with
hanging vertices on the organized graph G of the system.

The resulting sets of precedence and reachability for each
selected structural element in the system of remote monitor-
ing of the parameters of vehicle condition (truck with trailer)
were carried out by calculation:

Viy,,i=1,..,99 C(di)z(p; (20)
d.
Cyi(dygy)=1=-=1,.,18,60, 21)
1
CV1(dV62):{.i:19v 725,60}7 (22)
i
d.
Cyi(dy)=1-=26,..,30,60 1, (23)
i
d.
CV1(dV64): —+=31,...,36,60 ¢, (24)
i
d.
Coi(dyes)=1—-=37,..,42,60 ¢, (25)
i
d.
CVl(dVGG): —1=43,..,58,60 ¢, (26)
1
d.
CV1(dV67)= 7‘=59,60 . 27)
Yiypep 1 =61,...,67 F(di)=(p; (28)
Viy,i=1,...,18 F(di):{dvm}; (29)
Viy,,i=19,..,25 F(d,.)={d‘,62}; (30)
Viy,,i=26,...,30 F(di)z{dvﬁ3}; 31
Viy,,i=31,..,36 F(di)z{dvm}; (32)
Vi, i=37,...,42 F(di) ={dV65}; (33)
Viy,,i=43,...,58 F(di) ={dV66}; (34)
Vi, i =59 F(di)z{dvm}; (35)
FV1(dV60):
:{dvmrdvez’dvss’dvamdvssydvseydvs7}‘ (36)

By analogy, for the model of remote control over vehicle
state parameters, we perform for other subsystems.

During the formation of values for the elements of the
information system for monitoring vehicle condition, it is
necessary to determine the sum of the elements of each of the

j columns of the matrix A. The j-th element of the structural
P(D)

set of the system is informative if 2 a; ;=0. In the opposite

case, it is a group element (group),igbecifically:

[ 67 67 67 67

zaiw = zaiV2 = ZaiVS == zaiVGO =0,
i i it =

67 67 67

zaivm > O’Zinsz > Orzaivw >0,

p = par

72 72 72 72
ZaiVG/i >0, ZaiVGG > Orzaivse >0, zaiV67 >0.
Li=t i=1 i=1 i=1

(37)

The definition of the set of information elements of the
system D s as follows:

Dy, ={dy ~dy5}; (38)
DL, ={dtg80 —dtg%}; (39)
Dy ={d, 1 ~d, 1.} (40)
Dieps ={drepisy = drepiss }- (41)

The sets of elements of the group (group elements) D?
were immediately defined:

Dl =D\D"=

={dy51dyir B30 Ay s Ay Ay 5 (42)
Dy =D\ D" ={d ;. d 1950 g7.0 5 A oo }: (43)
D!,=D\D"={d, .,,d, .., }; (44)
Diepy =D\ D" ={d cpi0dyepies }- (45)

Also, common information elements existing for the sys-
tem were determined for all groups of the subject area of the
system of remote monitoring of the parameters of vehicle con-
dition (truck with trailer). These elements, respectively, are
«Information collection time» — dygo, dig94, du132, drepise, are
key precisely because of the semantic dependence in the issue
of obtaining parameters for monitoring vehicle condition on
the set time of collecting (receiving) information. Taking into
account the peculiarities of the construction, an information
system for remote monitoring of the state of vehicle was built,
which has an appropriate set of keys for all components:

W, ={dy}, (46)
W, ={dy}, (47)
W,y ={di,}, (48)
W, ={d;,.} (49)

and, accordingly, the system of monitoring the condition
of vehicles with installed means of monitoring DWRR and
DPC has the appropriate sets of attributes:

W, ={d,}i=1,..,59}, (50)

W,,={d,/i=80,..,93}, (51)



W, ={di Ji= 120,...,131}, (52) of conditional mapping of the properties of sub-objects of the
system eg and their ratios r for m; on J in L.

W,,={d,/i=151,..,158}. (53)
A relational model of the remote parameter control (60)
system was built. It is based on the canonical form for the
structure of the received data base, according to the set of
possible values of the main parameters of the state of vehi-
cle with a trailer in interaction with the values of DWRR
and DPC. After the analysis, the obtained information
makes it possible to build a relational database data man-
agement system. In Fig. 3, we show the organized graphs
of the system of operational monitoring of the state of
vehicle. The general organized graph G of the canonical
structure of the vehicle condition control system model is
shown in Fig. 4.

The form of the constructed function that character-
izes the operation of the model of vehicle remote monitor-
ing condition in accordance with changes in the parame-
ters of DWRR and DPC is represented below:

H,o t,AL X (1),
Eo| Xi(t=At),, Xi(t-nAt), |=hey,
DK, DKy, DK

MWRDi

FREAEAEAOAO®IPOEOO®E
FEEEEHEOOOEO®OOO®OOROW®®

i J

mi e, ,r :7\‘ ,
LY er) =he G4 @@ 6 E) 6 ) E) 666D 6D E)E) 6D EE) )@
HtC :f(GVapgi’ti‘S‘)vV)y
DKVi:f(t)S,vv)y
DKFCDizf(t»SyUV)y
»DKMWRDi :f(t,-gg,t,s),

a

o

where F,¢ — parameters of the state of vehicle with a trail-
er depending on the values of DWRR during remote mon-
itoring; H,. — characteristic of the control body(s) vector
as a function of the average operational fuel consumption
of a motor vehicle with a trailer (Gyagi) depending on
time (¢); ¢ is the current value of time; Af is the interval
between time measurements; at i=1, ..., m — parameters of
the state (technical state) when enabling control over the
state of vehicle and DWRR; n — number of intervals (num-
ber) from past measurements; DKy; — control results and
identification of malfunctions of vehicles with trailers (in-
dicators, codes); DK rcp; — monitoring and analysis of DPC
values (crew members) during operation of the vehicle;
DKywrpi — results of control and analysis of DWRR
during the operation of a motor vehicle with a trailer;
s — route length; ¢, — regulatory and legal regimes of
DWRR; m; — number of measurements; / — connection of
means of observation and facilities for enabling the pro-
cesses of monitoring and correcting vehicle technical con-
dition, DPC and DW RR under the conditions of operation

of vehicle with a trailer; v — conditional mapping operator; (22) 23) 24) (25) (20) (27) (28) (29) @ (D) (32) (33) (34) (35) (36) (37) (38)

eg is a set of conditional mappings of the properties of

sub-objects of the system for m; precisely on J in /; 7 is the b

set of relations between the properties of sub-objects of the

system for m; exactly according to Jin /; J is a task for the Fig. 3. Organized graphs of the system of operational monitoring
system; Ay is a system for implementing the processes of  of vehicle condition parameters: @ — organized graph G of the

ORRERAF®PRODPOEPPOEOO®E
PETFEOOOORPROPOROR®O®®

monitoring the state of vehicle and the modes of operation constructed information structure of the system model;
of the crew during vehicle operation (the system for imple- b — organized graph G of the constructed canonical
menting the monitoring processes /¢y is a collection of sets structure of the system model
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Fig. 4. General organized graph G of the canonical structure of the constructed model of a vehicle condition monitoring system

3. 4. Design of the structure of functional capabilities
for the monitoring system

The interrelationship and structure of the functional capa-
bilities of ICC for monitoring the condition of vehicle, DPC,
DWRR owing to the on-board part of ICC are shown in Fig. 5.

The main functions of ICC, which are the basis of system
interaction:

— guaranteeing the determination of the location of the
vehicle (tracking the position of the vehicle) in space;

— guaranteeing control over parameters of the state of
vehicle with a trailer, DPC, DWRR in the processes of op-
erating the vehicle;

— guaranteeing the safety of movement of the cargo
vehicle.

The main functions of the ICC function owing to the
guaranteed performance of the functions of the system of
interaction of the design features of VTZ and the constituent
elements of ITS (Fig. 5):

— laying the route;

— interaction with maps;

— the process of identification of the truck driver;

— vehicle condition parameters (technical parameters);

- DPC;

— monitoring of received parameters from sensors con-
nected by K-line, L-line, CAN, and their protocols;

— monitoring of DPC parameters and the condition of
vehicle;

— analysis and transfer of data on violations of DWRR,
DPC, traffic regulations;

— data related to system errors and malfunctions of ve-
hicles with a trailer, values of pollutants transmitted to the
external information storage, etc.

Subsequently, this information is analyzed and distribut-
ed among the objects of automation of vehicles, which form
a list of databases of states of vehicles and their operating
conditions based on ITS and infrastructure, specifically the
following basic information modules:

— collection and transmission of current information
about the condition of motor vehicle;

— collection and transmission of current information
regarding fuel consumption of vehicles;

— collection and transmission of current information on
enabling the limit values of emissions of pollutants in the
exhaust gases of the vehicle engine;

— collection and transfer of current information regard-
ing the results of diagnostics of the technical condition of
vehicles with trailers;

— collection and transmission of current information
from a vehicle with a trailer regarding the parameters of the
vehicle’s technical condition;
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and DWRR. And when the pro-

grammed emergency values of these
parameters are reached, notify the

For this purpose, continuous two-
way communication by ITS means
is supported during the monitoring

|
|
I truck driver or the technical service.
|
-

of vehicle.
During the construction of the

system for operational monitoring
of the condition of vehicles with a
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trailer during operation, its purpose
was determined, specifically, the op-
timization of operation of the fleet of

Participants in
the operation of
motor vehicles
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v— antees the implementation of system
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Ll W

solutions in terms of monitoring ve-
hicle and managing their life cycle
during operation. Continuous mon-

|
|
| cargo vehicles. Such a system guar-
|
sapwmvo |
|

Fig. 6. Block diagram characterizing the information exchange between sets of elements
of the system of operational monitoring of vehicle state

When using the OBD-II connector (scanner-adapter) (for
vehicles with a trailer that support the OBD-II standard), we
have the opportunity to obtain information on changes in the
parameters of the cargo vehicle (Fig. 1) of set I — IN V owing
to additional sensors. These are such parameters as fuel con-
sumption Gy, air consumption Gg, ICE speed n,, vehicle speed
V, angle of rotation ok of the control body, temperature of
the coolant ¢ °C of ICE, etc. When using the OBD-II adap-
ter (scanner), the received information is transmitted to III —
EAW TSSV with the possibility of connecting to a paired de-
vice. This happens with the use of Wi-Fi or USB, or Bluetooth,
or ICC of the set (Fig. 6) II — automated system. But it should
consist not only of a scanner-communicator controller (tracker)
but also GPRS, IKK, SBAS, GPS, a-GPS, GLONASS, Inter-
net, or a local network. And then transfer to the Web server, the
database, and to the external automated workplace of the tech-
nical service specialist in the internal network of the system.

By analogy with the above, the parameters of DWRR
are monitored. Information about DPC under operational
conditions is obtained using additional sensors for control of
crew members (regarding pulse, pressure, stress, fatigue, etc.).
The automated workplace of the technical service specialist
of the internal network of the system of remote monitoring
of vehicles under operational conditions can be connected
or disconnected from the system by software. The main
difference between the indicated modes is the connection to
the work of the information and analytical system «CMV»
at the workplace of the technical service specialist of the
internal network of the system and for the implementation
of monitoring, analysis, and correction of the entire range of
operating conditions of the trailer, DPC, DWRR.

Owing to the work of ICC, it was possible to accurately
determine the location and condition of each cargo vehicle
and transfer this information to the set 11T — EAW TSSV.
ICC determines the location of the vehicle using navigation
satellite systems and a GPRS receiver.

Clusters 11, III, and IV have the ability to exchange infor-
mation all the time, specifically to transmit digital, video, and
voice data using GPRS, SBAS, GPS, a-GPS, the Internet, or a
local network (Fig. 6). ICC has the ability to independently an-
alyze the parameters of the technical condition of vehicle, DPC,

itoring of the technical condition
of the cargo vehicle, DWRR, and
DPC is also guaranteed.

5. 5. Results of implementing the information and
analytical model of a remote monitoring system

The basic technical-economic indicator characterizing
vehicle operation is its speed. There is technical and opera-
tional speed [9, 45].

The operating speed of a vehicle is the average speed of
the vehicle during the time it is on the route. In contrast
to the technical speed of a vehicle, when calculating this
speed, the full time of the vehicle’s stay on the route is tak-
en into account.

The operational speed of a vehicle is determined by the
following formula:

V,=S/t, (55)
where S is the distance (mileage) covered by the vehicle;
t, — the time the vehicle is on the route, hours.

The technical speed of a vehicle is the average speed
during the time the vehicle is in motion on the route it is
determined by the following formula:

Vi=58/tm, (56)
where S is the distance (mileage) covered by the vehicle, km;
tn — the time of vehicle movement, taking into account stops
while waiting for the opportunity to continue movement on
the route, not taking into account the time of loading and
unloading of the vehicle).

The value of the technical speed is influenced by
vehicle technical condition, the condition and profile of
roads, the intensity of traffic on the freight transportation
route. Technical speed directly affects fuel consumption.
Therefore, it is up to the driver (or network operator) to
choose the most rational mode of movement, taking into
account the listed factors, depending on his/her quali-
fications, DPC, DWRR. Today, there are the following
basic means of researching fuel consumption and vehicle
speed parameters. For this purpose, the peculiarities of the
characteristics of the vehicle movement over the distance
of the entire section of the route are determined. This can
be implemented by dividing the route section into equal



segments, or by dividing the section into segments taking
into account geozones [45—55].

Coefficients characterizing the main technical and
economic indicators of the vehicle and the driver were
introduced.

The relative coefficient of change of movement speed
(RCCMYS) of the vehicle as the main criterion for determin-
ing groups of operating conditions [1, 3, 9—11]. It is deter-
mined by the following formula:

Ky =8/ Va1)=1.43-8/tm Vinax), (57)
where V, is the speed of a motor vehicle with a trailer on the
road of the 1st group (i. €., 0.7 Vipax).

The coefficient of use of speed (CUS) is intended for
evaluating the speed of movement of vehicles. It is deter-
mined by the following formula:

K, .= Viavg/Vi inty (58)
where V; g is the average speed of a vehicle on the i-th sec-
tion, Vi is the set speed limit of a vehicle on the i-th section
of the route.

The described method for processing parameters of
remote control over a vehicle was previously described
in [8—11, 20—24, 45]. In contrast to the previous options for
processing parameters of remote control over vehicles, the
CMYV system allows for remote monitoring of the state of
the vehicle, DPC, compliance with DWRR, environmental
indicators and compliance by the vehicle with the speed
regime on the route.

As a result of our study, a diagram was constructed cha-
racterizing the change in fuel consumption indicators for the
vehicle in relation to time in the process of movement and
DWRR indicators (Fig. 7).
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Fig. 7. Dependence of fuel consumption in relation to time during the movement of a vehicle with a trailer: @ — experimental results
of changes in fuel consumption by a vehicle depending on the time of its movement and DWRR; 6 — calculated results of changes
in the fuel consumption by a vehicle depending on the time of its movement and the optimal ratio of DWRR



Fig. 8 shows a change in the value of RCCMS and CUS
after improvement of DWRR.
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Fig. 8. Change in the value of the relative coefficient of
change in the speed of a vehicle and the coefficient of use
of the speed of a vehicle as a result of the improvement of

the driver’s work and rest modes: a — relative coefficient of
change in the speed of a vehicle; b — coefficient of utilization
of the vehicle speed

After the calculated determination of the optimal DWRR,
and as a consequence, the improvement of DPC, subject to
the condition v—const, the entered coefficients changed
as follows:

— RCCMS of the vehicle within the population centers
on the route remained unchanged and, between the popula-
tion centers on the route, changed from 0.86 to 0.89;

— vehicle’s CUS within the population centers on the
route changed from 0.9 to 0.92 and, between population
centers on the route, changed from 0.9 to 0.92.

6. Discussion of results of implementing the information-
analytical model of the remote monitoring system
of a cargo vehicle

The proposed information system for monitoring cargo
vehicles [38—45] has a number of features. The main thing
is that it is able to perform the DWRR check during the
determination of the parameters of the technical condition
of the cargo vehicle with the help of a modern on-board in-
formation and communication system.

The constructed model of system interaction makes it
possible to remotely receive information on changes in the
parameters of technical condition, DWRR, and DPC in
real time and has the possibility of correcting it in order to
achieve rationalization of fuel consumption over the entire
distance of the route. An information-analytical system for
control and correction of parameters of the state of vehicles
with a trailer was formed based on the application of the
morphological matrix when the conditions of operation of
the vehicle with a trailer are changed.

The subject area of the model of the system of operational
remote control and correction of parameters of the technical
condition and modes of operation of the cargo vehicle has
been formed. It was represented as a set of components and
modules of the information system. These are parameters of
the vehicle technical condition; DW RR; additional parame-
ters of vehicle condition, trailer, environmental indicators of
the vehicle and DPC.

The structure of the functional capabilities of the mon-
itoring system and information exchange between the el-
ements of providing remote monitoring of the technical
condition of vehicles under operational conditions has been
designed. The main feature of such a monitoring system is
that the parameters of the vehicle technical condition are
determined taking into account the parameters of DPC
and DWRR. Depending on the received data, it is possible
to adjust one or another parameter.

With the help of the obtained data and the formed fuel
consumption trend, it was experimentally proven that the
fuel consumption (Fig. 7) after 3—3.5 h. of continuous man-
agement of cargo vehicles with a trailer — increases.

The implementation of our method is based on the con-
tinuous implementation of remote control of the state of ve-
hicle and DPC, taking into account the operating conditions
using I'TS tools.

Further advancement of the information system is possi-
ble with the help of the decomposition of objects (Fig. 2) in-
cluded in its composition. Based on this, further refinement
of the model is possible.

It is impossible to optimize the values of sets of models
of parameters of control and correction of the condition of
vehicle, DPC, and DWRR purely analytically. This is due
to the fact that the fuel consumption of a motor vehicle
with a trailer during operation is directly dependent on the
features of the route, the complexity of the road topography,
the load factor of the motor vehicle, compliance with DWRR
and DPC. The hardware for vehicle monitoring systems, as
well as techniques and methods of implementing the vehicle
and DPC monitoring itself, require further development. All
of the above requires further development of the infrastruc-
ture and means of control to enable full functioning of the
V21 information system.

In addition, the method of complete selection of para-
meters, which has been used so far to solve the problem of
nonlinear programming, needs further refinement in terms
of improving the mathematical apparatus.

7. Conclusions

1. Based on the formed subject area of the information
system for operational remote monitoring over the technical
condition and operating modes of a cargo vehicle, a DFD
data flow diagram was built, which is one of the main means



for modeling the functional requirements of software for
remote monitoring. With their help, these requirements are
broken down into functional components and represented in
the form of a network connected by data flows. As a result of
the decomposition of the objects included in its composition,
further refinements of the model were carried out. This made
it possible to solve the following tasks of monitoring the
state of a vehicle: collection of data from vehicle; data stor-
age; the possibility of identification of vehicles on the route
and in the remote monitoring system; the ability to build
functional dependences over time; remote control over the
parameters of vehicle technical condition and the possibility
of forecasting them; monitoring of changes during operation;
diagnosing the state of a vehicle and its comparison with the
specified parameters.

2. A model of system interaction of parameters and a
model of remote monitoring of the condition of a vehicle with
a trailer during operation have been constructed. The use
of these models allows remote operational monitoring of the
technical condition of vehicles based on the system interaction
of monitoring components, specifically the vehicle, operating
conditions, transport infrastructure, and road infrastructure.

3. A general information model of the subject area of
remote control and correction of the parameters of the tech-
nical condition and DWRR of vehicle has been developed.
The components are the tracker and means of registration
of DWRR and DPC. A list of features of the subject area of
the information system model was described in the form of
a DFD diagram. A set of elements of the remote monitoring
model and their interrelationships are separated. Graphs
of informational structural elements of systems of remote
monitoring of the technical condition of vehicle in real time
were built. With their help, a set of information elements of
the subsystems of the model were determined, specifically,
the vehicle and engine technical condition, DWRR, DPC,
environmental and additional indicators of the vehicle.
The general information element «Time of information col-
lection» has been introduced, it applies to all information
groups. This element is key due to the semantic dependence
of the resulting data.

4. The structure of the functionality of the monitoring
system, which was developed on the basis of the proposed
models, made it possible to consider the peculiarities of the
information exchange between the elements of providing
real-time operational control of the state of vehicles.

A block diagram of information exchange between sets
of elements of remote monitoring of vehicle state parameters
in real time was constructed. The model of the system for re-
mote monitoring of vehicle condition parameters in real time
is intended for solving the production tasks of the operation

of road transport and optimizing the operation of the fleet
of cargo vehicles. Such a system guarantees system solu-
tions for monitoring and managing the life cycle of vehicle
during its operation. It also guarantees continuous moni-
toring of the state of the vehicle with a trailer, DPC, and
DWRR, which makes it possible to control the change of
parameters that are registered, as well as to build databases
regarding the state of the vehicle and operating conditions.

5. The results of implementing the information-analy-
tical model of the system for remote monitoring and oper-
ational control over the state of cargo vehicles confirmed
the effectiveness of the proposed measures. During the
calculated determination of the optimal DWRR, observing
the stability of the speed of the vehicle, the changes of the
investigated coefficients occurred as follows. The relative
coefficient of change in the speed of vehicle movement with-
in the population centers on the route remained unchanged,
and between population centers on the route changed from
0.86 to 0.89. The coefficient of use of vehicle speed within
the population centers on the route changed from 0.9 to 0.92
and, between population centers on the route, changed from
0.9 to 0.92. As a result of experimental studies and analyt-
ical calculations, it was established that the rational fuel
consumption by a truck with a trailer, taking into account
DWRR and DPC, is enabled on the route when the crew is
changed every three hours.
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