International Journal of Engineering & Technology, 7 (4) (2018) 4514-4518

International Journal of Engineering & Technology

Website: www.sciencepubco.com/index.php/IJET
doi: 19858
Research paper

SPC

Use of cargo delivery process model for the assessment of
logistics service quality

Hanna Kyrychenko !, Halyna Nesterenko 2, Svetlana Avramenko 2, Sergiy Lytvynenko 2 *, Peter Yanovsky 3, Larysa
Lytvynenko 3

1 State University of Infrastructure and Technology, Kyiv, Ukraine
2 Dnipropetrovsk National University of Railway Transport named after academician V. Lazaryan, Dnipro, Ukraine
3 National Aviation University, Kyiv, Ukraine
*Corresponding author E-mail: sllitvinenko1982@gmail.com

Abstract

The paper proposes the method of forecasting the time of operations with a wagon and a cargo, which is carried out using the cargo de-
livery process model taking into account possible scenarios of the process and deviation from the forecast and technological standards.
One of the concepts of the model is the average deviation from the forecast. This method for the first time allowed considering the condi-
tions of real operational work when forecasting control points of cargo delivery process stages. Data on deviation is proposed to be stored
in the database of the automated system for forecasting. The paper also proposes an estimation of deviations at all stages of transportation
using linguistic definitions of the states, which allows quantifying the indicator, such as the quality of transportation. The given method
allows forecasting the time control points of the scheduled cargo delivery stages considering the conditions of real operational work. One
of the prospects for using the above method is the ability of information interaction of the transportation participants, namely, in the part
of exchange and processing of operation monitoring data, data on deviations from the forecast and standards, as well as the exchange of

delivery quality assessment data.
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1. Introduction

Business process management in cargo transportation involves the
availability of information about the time, location and condition
of the object. The use of information technology allows forecast-
ing the time of operations in the delivery chains. The availability
of information about the arrival of cargoes, the data of transporta-
tion and accompanying documents provide the opportunity for
coordinating the actions of transportation process participant such
as the border railway station, state control bodies and similar ser-
vices of the adjacent administration to organize the passage of
cargoes without delays.

2. Literature review and defining the problem

The problem of cargo delivery was actively investigated by do-
mestic and foreign researchers, in particular, D. Adebanjo, D.
Lomotko, E. Alyoshinsky, G. Zambrybor, J. Gou, T. Ma, J. Li, A.
Nagurney, D. Li, P. Brandimarte, G. Zotteri, D. Teodorovic, M.
Janic, T. Pohja, H. Min, G. Zhou, H. Karimi, N. Duffie, M. Freit-
ag, M. Litjen, M. Chadli, H. Kirichenko, S. Ovcharenko.

Logistics experts claim [1] that currently there is no business

competition but competition of Supply Chain Management (SCM).

SCM competition is directly related to the quality of service at
each stage of delivery.

The paper [2] states that one of the ways of reforming and inte-
grating the Ukrainian railways into the European transport system
is connected with the implementation of logistics processes in all

areas of the railway activity and the organization of the hierar-
chical network of logistic centres. It presents the model of
transport system, part of which components are operators, whose
functions are related to the control of transport processes and op-
erations with objects in time. Creation of technology and struc-
tures of the operation of the railway logistics centres will allow the
implementation of logistics processes when providing the services
to the cargo owners according to their requirements.

Issues of customer service quality assessment are considered in
the context of the integration strategy of logistics chains. The
work [3] presents an integrated evaluation of the service cost
model, which includes a logistics cost index, service time in the
network and customer service quality level.

The paper [4] presents models and analysis of the systems of car-
go delivery from place of production to the consumer, in this con-
nection there is the problem of informational asymmetry associat-
ed with the fact that the manufacturer and the consumer have dif-
ferent levels of knowledge about the quality of products. It con-
siders the abilities of assessment (by measured means) of the de-
livery system quality, in particular when quality of the system
operation depends on the decision making by several persons.
Classification of forecasting means by classical statistical methods
for modelling of cargo delivery processes is performed in the work
[5]. It emphasizes the need to accurately forecast time points, in
the work they are defined as transit points (LTg), pp. 342-343,
especially in complex models of material resources management
in multi-chained delivery chains.

In [6], the authors argue that there is objective presence of devia-
tions, p. 346, in the organization of traffic flows in the railway
network and the need to control time parameters such as the time
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of shipment, stopping, and arrival in real time. Traffic flow plan-
ning and control are related to the analysis of not only the charac-
teristics of the railway infrastructure, supporting transport services,
but also with the analysis of the workload of train dispatchers.

The paper [7] considers the structure of supply chain organization
and the ARA-model of interaction with partners. It is noted that
technology and planning of integration involves the use of compu-
ting system data, as well as the existence of the structure of intel-
lectual exchange of delivery chain data with customers.

When modelling processes in delivery chains, the work [8] con-
siders competition, demand and distribution planning, as well as
the use of data about cargoes’ location and movement. It is im-
portant to choose information technologies as modelling tools.
The success of the interaction depends on the synchronization of
information and its exchange in real-time mode, p. 237, between
the participants in the delivery chains and the recipients of the
cargoes. Such information includes data on the location of cargo,
technology, planning actions with cargo. Real events do not al-
ways accord with the planned ones, since their implementation
depends on the decision-making of staff at different levels. Accu-
racy, quantitative effectiveness, according to p. 155 of the work
[9], of the modern delivery of cargoes is a function of reliability
and speed of goods replenishment in warehouses, adherence of
delivery terms, minimization of losses during transportation and
storage in warehouses, etc. The time, as noted therein, is the most
important factor in the management of logistics processes, if we
look at minimizing the full-time costs when moving goods from
the production point to the end user through all process chains.
The work [10] mentions the necessity of using the process model-
ling methodology for optimization and control of the operation of
logistics networks by means of the following methods — intellec-
tual approaches, such as fuzzy logic and network methods, math-
ematical modelling, stochastic optimization of logistic processes,
forecasting and its consideration during planning.

In order to control the cargo delivery by rail, a method of time-
control points was developed in [11] based on the developed
schedule and delivery technology for a specific cargo. This meth-
od allows forecasting the flow of traffic, control the compliance
with delivery terms, analysing the time of the delivery schedule
deviation.

The model proposed in [12] is used to forecast time-control points
in the cargo delivery process. The transportation process data,
including the off-forecast deviation data ( At ) are accumulated in

the existing information base for the next process modelling, as
close as possible to real conditions.

However, these research papers do not contain cargo delivery
process modelling, taking into account possible scenarios of the
process and deviation from the forecast and technological stand-
ards.

The railway dispatching services control the movement of trains
according to the established traffic schedule, but currently there
are no "tools" that control and assess the quality of cargo delivery.
On the other hand, transparency of action and compliance with
logistic principles during cargo delivery are required from the
railways as from the business environment service, especially
when it concerns transportation related to receipt and transfer of
cargo abroad or to other modes of transport. The quality of the
cargo delivery service is conditioned by observance of the estab-
lished time parameters, which are stipulated by the agreement
between the participants of transportation. Determining the time of
cargo transfer to the client is associated with accurate forecast of
the time of cargo operations during transportation.

Unfortunately, at the moment it is possible to estimate the service
quality only indirectly, by analysing the number of detained train
cars and cargoes at the transfer points, borders and ports, and their
idle time, as well as the number of detained trains at the approach-
es to the destination station. Only in 2016 at the borders approxi-
mately 176 thousand train cars were detained, which is 14% of the
total amount and more than in the previous year.

The trend in the growth of the number of stopped train cars in the
conditions of reduction of the cargo flow exchanged by carriers
demonstrates the need to use the "tools" for managing the business
processes of interaction with European carriers and public authori-
ties, throughout the cargo delivery chain. On the other hand, the
mathematical description of logistic systems, such as the border
transfer station, is too complicated when using traditional mathe-
matical methods.

In this case, the principle of incompatibility appears to a sufficient
extent, according to which the complexity of the system and the
accuracy with which it can be described contradict each other. But
the problem can be solved with the help of information systems
and process simulation.

3. Research aim and objectives

The aim of the given study is development of the method of fore-
casting the time of operations with a wagon and a load is carried
out using the cargo delivery process model, considering possible
scenarios of the process and deviation from the forecast and tech-
nological standards.

To attain the aim, the following objectives were identified:

e To forecast the time of operations with a wagon and a cargo,
it is expedient to use the cargo delivery process model, in-
cluding that at the borders;

e To estimate deviations at all stages of transportation using
linguistic definitions of the states, which allows quantifying
the indicator, such as the quality of transportation;

e To assess the quality of the logistics service of cargo deliv-

ery.
4. Overview key findings

4.1. Development of cargo delivery process model

It is expedient to forecast the time of operations with a wagon and
a cargo through forecasting the time of the transfer of cargoes and
wagons in contact charts, taking into account the actual events of
the operational process, namely to determine the time control
points (TCP ) of cargo transportation.

The model of the delivery process should be presented as:

M1:0p xOb *xSb xSc xSt xT —=TCP" xT

, )

Where: Op — set of operations of the cargo delivery process, in-
cluding operations for the transfer of wagons and cargoes;

Ob — set of stationary objects (railway tracks and facilities, sec-
tions);

Sb — set of subjects performing managing and decision making in
the logistics process;

Sc — set of scenarios of cargo delivery processes (CDP);

St — set of spatial states of cargoes;

T —real time.

It should be noted, the scenario Sc of cargo delivery (CDP) is one
of possible variants to implement the hypothetical, logical se-
quence of situations of the cargo delivery process in the form of
declarative and graphical description compiled by heuristic meth-
od based on expert assessment or on the analysis of past opera-
tions and events with cargo and wagon. The scenario is not a time
function, i.e. the sequence of situations is not superimposed on the
time axis.
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Table 1: The List of Events for Compiling the Delivery Process Scenarios

Arrival  Technical in- Formation Driving the carwith ~ Locomotive driv- Cargoes ship- Beginning of the car delay due End of the car Time
g Shy spection Sbp ~ Sb3 cargoes to depart Shg  ing up Sbg ping Shg to the clients’ fault Sb7 delaySbg T
SC 1 X X
Time - -
(Tsc)
Sc2  x X X X X X
Tlme * * * * * * *
ctp
The disclosure of Sc model for a set of CDS has the following , 4:D XOn XI —Cm 4)

form:

M2:0p xS xD —Sc ,

@

Where: s — set of CDP situations; D — set of events in the cargo
delivery process, Sbi .
Disclosure of S model is as follows:

®)

M 3:0b xOp xAT xt xT —§ xT

Where: AT - set of time intervals to perform CDP operations; t,
— set of time intervals between events (t =t £ At" ); At — aver-

age (forecast) deviations from the normative time, according to
ATCP data by events.
Disclosure of the model Cmis as follows:

Kod Stan... Oper_vag...

N_Vag T_Ktch T_Oper_Norm
467201 1 2017-05-0106:50:... 2017-05-0107:03:...
54754395 467201 1 ML 2017-05-0107:13:..,
54754395 467201 12 ML 2017-05-0107:33:...
54754395 467201 300 ML 2017-05-0107:15:...
54754335 467201 301 NULL 2017-05-0107:35:...
54754395 467201 313 ML 2017-05-01 08:00:...
54754395 467201 4 ML 2017-05-0108:15:...
54754395 467201 314 NULL 2017-05-0108:30:...
54754395 467201 315 ML 2017-05-01 10:00:...
54754395 467201 598 2017-05-0108:50:... 2017-05-01 12:00:...
467201 697 2017-05-01 21:00:... 2017-05-01 20:00:...

54754385

Where: | — information.
Information AT , t, =t, +At" about events with objects of man-

agement (trains, wagons and cargoes) is accumulated in the data-
base of the automated system.

4.2. Information database on the actual traffic creation

The presence of the information on the actual traffic (monitoring),
the lagging behind the forecast and regulatory time control points
in the database will allow taking them into account at the next
stages of the forecast and assess the quality of the logistics service
of cargo delivery. Below, Fig. 1 presents the content of the data-
base fragment concerning monitoring of movement of the loaded
cargo wagon and the deviations from the forecast and the delivery
schedule.

Delta_Fakt

T_Oper _real Delta_Narm Delta Delta_Ktch
2017-05-0107:21... ALLL 0,18 MEL 0,31
2017-05-0107:40... 0,1 0,19 0,09 ML
2017-05-0108:15... 0,2 0,35 0,15 ML
2017-05-0108:00... 0,1 0,39 0,29 ML
2017-05-0108:40... 0,2 04 0,2 ML
2017-05-0108:45... 0,25 0,25 1} ML
2017-05-010%:10... 0,15 0,3 0,15 ML
2017-05-0109:40... 0,15 0,5 0,35 AL
2017-05-01 10:30... 1,3 3 1,3 ML
2017-05-0113:30... 2 1,3 03 44
2017-05-01 21:30... 8 0,3 7,3 0,3

Fig. 1: Information on the Actual Progress of Transportation_T3.

The Fig. 1 data include:

N_Vag - loaded wagon number,

Kod_Stan — railway station code by the Unified Network Marking
(EMR),

Oper_vag — code of the operation with wagon and (or) cargo by
AS codification,

T_Ktch — time control points (TCP) during cargo transportation,
anticipated in the model,

T_Oper_Norma — time of operations according to the technologi-
cal process of transportation,

T_Oper_real — time of operations in the real process,
Delta_Norma — normative time between events, standards for the
technological process of objects,

Delta_Fakt — time between the events of the real operational pro-
cess, t, =t £At" , the AS data;

Delta — time difference between the normative execution of opera-
tions and the real operating time, deviation (or advance) from the
normative execution of operations in the process of transportation
AL

This method allows forecasting the control points of the cargo
delivery stages TCP” in the model M 1, whose concept is a set of

scenarios sc , the modelling of which depends on a set of situa-
tions s, model of situations M 3 includes deviations At , rec-

orded as "Delta" data in Table 2.

Thus, the current AS data on real time parameters of the opera-
tional process, their deviations from forecast and normative pa-
rameters are taken into account in the forecast model in the future

TCP™ .

Table 2: Assessment Matrix of Transport Stages of Operations with Wagon and Cargo

Quality

LS Cargo pick-up Cargo shipment SR Tt Non-p'r 0cess Avrrival Control (border)  Cargo drop-off
ment operations

Assessment

tli-nfs“ in 10<A, <10 10<A, <10 10<A, <10 . 30<A, <30 60<A, <60 30<A, <30

2. Normal 11<A, <30 11<A, <30 11<A, <30 0<A,<30 31<A, <60 61<A, <120 31<A, <60

3.Retention ~ 31<A, <50 31<A, <50 31<A, <60 31<A, <60 61< A, <120 121<A, <180  61<A, <120

4. Advance 31<A, <50 31<A, <50 31<A, <60 - 121<A, <180  6l<A, <180 121<A,, <180

5. Retention g7 _ 5 <go 51<A, <90 6l<A, <120 - 121<A, <180  181<A_<240 121<A, <180

with viola-

15 =

2% —

B —

55 —

75 =
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tion

6. Advance

with viola- 51<A, <90 50 <A, <90 60 <A, <120
tion

7. Precritical  91<A, <120 91<A,, <120 121<A,, <180
8. Critical 121< A, <180 91<A,, <120 181<A,, <240
(0 180 <A, 180<A, 241<A,
critical h

) 181< A, <240

181<A, <240  181<A, <240

6l<A, <120  181<A_ <240  241<A_ <300 181<A, <240
121<A, <180  241<A,<300 301<A, <360 241<A, <300
181<A, 301<A, 361<A, 301<A,

4.3. Estimation of the time deviations when carrying out
operations with wagon and cargo

Based on the existing data on the deviation (or advance), the au-
thors developed a transportation stages assessment matrix. The
time deviations when carrying out operations with wagon and
cargo from the norm or from the forecast are estimated on the
basis of expert assessments, the values of which are presented in
Table 2. Dimensions are given in minutes.

4.4. Discussion of research findings

In our opinion, the quality of cargo transportation is the set of time
and safety characteristics of the cargo delivery process which
correspond to the logistic concept “just-in-time” according to ac-
tual needs of the cargo clientele and restrictions of the delivery
operational process. Criteria for ensuring the quality of transporta-
tion may also be different.

Directly for the cargo clientele in each specific delivery, the im-
portance of the criteria for its implementation is different. For
individual customers, the importance of delivery speed of is a key
criterion, for the second group of clients the delivery price is a
priority, for the third one the safety of delivery is a basic criterion.
The forwarding agent and the carrier, as a rule, are faced with the
problem of solving this multi-criteria task, taking into account the
interests and wants of the cargo clientele. Frequently, the optimi-
zation of these criteria for all parameters simultaneously is impos-
sible, respectively, the task of delivering each specific cargo is
solved within the framework of the priority parameters.

The process of cargo delivery varies significantly on different
modes of transport. It also essentially depends on whether it is a
general cargo or a special cargo.

As a rule, special categories of goods have additional specific
properties that complicate the process of their delivery or require
acceleration of its organization. In addition, the specifics of deliv-
ering special categories of cargoes implies additional formalities
and, as a result, costs increase, however, these categories of car-
goes are delivered at higher tariffs, which makes them attractive
for freight forwarders and carriers in general. Consequently, they
are interested, primarily, in increasing the cargo traffic of these
particular categories of cargo.

Railway transport in Ukraine is experiencing very big problems
when it is included in the delivery chain. The key problem is the
lack of ensuring delivery terms while it is very important for the
delivery chain.

This problem as a whole is not new, but for each country there are
peculiarities of its solution. For Ukraine, the problem of participa-
tion of rail transport in the delivery chain is particularly acute due
to inefficient mechanisms of its operations, unreliability of deliv-
ery chains with its participation, existence of unlawful interference
acts, theft, cargo damage.

That is why the authors have focused precisely on time factors in
modelling. In world practice, more categories of cargoes can be
delivered by rail and with this in mind, if Ukraine wants to be an
active participant in global delivery chains, it simply has to devel-
op effective mechanisms for assessing the quality of logistics ser-
vices in rail transport. One of these mechanisms are the authors’
proposals given in this study.

Characteristics of retentions or advances from normative and fore-

cast TCP” are assigned with the linguistic definitions of transpor-

tation states St , which correspond to the categories of thinking of
the dispatching apparatus, controlling the cargo delivery progress.
Linguistic definitions contain the process semantics and the in-
structional meaning of the need for managerial influence; they
form the vertical of the matrix in Table 2.

The main stages of the delivery process, such as cargo pick-up for
carriage from the client, departure from the station, cargo move-
ment, and others, are indicated in the horizontal matrix of Table 2.
Deviations At; from the forecast (or normative time) at accepta-

ble intervals compose the data matrix.

The assessment of the "Cargo movement" stage is detailed in case
of need for operation with a wagon and a cargo. "Non-process
operations" include operations and events with a cargo not provid-
ed for by the technological process of the railway, such as the train
stop at the approaches to the destination station for various reasons,
in particular due to the fault of the client.

Comparison of the AS current data of the delivery process At in

Fig. 1 (Delta column) with the data of the deviation assessment
matrix At; in Table 2 provides an opportunity to assess the quali-

ty of the delivery process, including by its components.

According to this scale, sufficiently high quality of transportation
is ensured with estimates "exactly in time", "normal”, "retention"
or "advance" in all events of the delivery process, except for "non-
process operations”. The proposed assessment of meeting the
planned schedule (with forecast of the control points of transporta-
tion events) is carried out as deviation analysis and is given as an
instruction in a linguistic form to the traffic control office for deci-
sion making. The proposed estimation of deviations at all stages of
transportation allows us to estimate such indicator as the quality of
transportation, using the quantitative characteristics. Forecasting

of Tcp” is carried out in M1 model, which concept is a set of

scenarios Sc , the modelling of which depends on a set of situa-
tions S, M3 model of situations includes deviations At’ . Thus,

the current AS data on real time parameters of the operational
process, their deviations from forecast and normative parameter

are taken into account in the Tcp” forecast model in the future.

5. Conclusions

The given method allows forecasting the time control points of the
scheduled cargo delivery stages considering the conditions of real
operational work. Information AT , t =t +At" about events with

objects of control (trains, wagons and cargoes) is accumulated in
the database of the automated system. These data are taken into
account in the delivery process model. One of the concepts of the
model — the average (forecast) deviation t =t +At’ from the

automated system database allows considering the impact of pos-
sible factors and conditions of real operational work. Forecasting
with the use of the above models m 1 ; M 3 will allow determining

the pick-up and drop off time for cargo and wagons, taking into
account the actual events of the operational process. The assess-
ment of the quality of the cargo deliver logistics chains is carried
out using linguistic definitions. The analysis of deviations is pro-
vided as information on the assessment of the transportation stages
to the dispatching apparatus for decision making and allows the
transition to the formation of databases and the creation of intelli-
gent systems.
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One of the prospects for using the above method is the ability of
information interaction of the transportation participants, namely,
in the part of exchange and processing of operation monitoring
data, data on deviations from the forecast and standards, as well as
the exchange of delivery quality assessment data of the monitored
process.
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