. strategic

deciSiongXianagement Vol. 10, N2 1/2019

Vol. 10, N@ 1/2019

. strategic ri

K
decisio Fanagement

UDC 33 (094)
DOI: 10.17747/2618-947X-2019-1-28-35

Business Process Optimization
N the Digitalization Era of Production

Nikita A. Popov'

! Financial University under the Government of the Russian Federation

ABSTRACT

Various business process optimization methods associated with industrial companies are reviewed, e.g. the processes of production
planning, equipment and inventory maintenance as well as quality control. Case studies of Russian and foreign companies are provided.
The author can conclude that digital technologies provide a significant advantage when implemented in an industrial production
environment to the demands of Industry 4.0 technologies. The most promising technologies are identified for implementation with a
purpose to optimize industrial business processes. According to the findings of the study, implementing econometric methods, creating a
cloud infrastructure and adopting digital devices using Internet of things concepts can be named among the most efficient measures for
business process optimization in production companies.
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1. INTRODUCTION

Much attention was paid to improving the production
process in different periods of industrial development. The
works of Ford, Crowther (1922), W. Deming (1943), F. Taylor,
(1911), G. Gantt (1903) and others laid the theoretical basis
of modern methods for improving the efficiency of industrial
enterprises. In many companies of the manufacturing sector,
“six sigma”, the Total Quality Management system (TQM),
and “Just-in-Time” (JIT) are widely used. Today, there is an
active interest of the scientific community in the Industry
4.0 phenomenon (Lisowski, 2018; Tarasov, Popov, 2018;
Roblek, Mesko, Krapez, 2016). Technologies of the fourth
industrial revolution (Industry 4.0) make it possible to carry
out optimization measures of production processes at a
qualitatively new level using digital technologies.

Consulting company PwC identifies eight core
technologies of Industry 4.0: blockchain, unmanned devices,
three-dimensional printing, virtual reality, augmented reality,
Internet of things, artificial intelligence, robots (Pooh, 2017).
They have great potential in improving production processes
with integrated and system use. Today, large domestic and
foreign companies are actively exploring the possibility of
introducing digital technologies to optimize key business
processes. Significant results were achieved by PJSC NLMK,
PJSC SIBUR, Siemens AG, Intel and other industry leaders
(Lisovsky, 2018). The introduction of digital technology will
reduce the cost of individual items up to 30% (Rojko, 2017).

The purpose of this work is to study approaches to optimize
production processes using digital technologies. The central
object of the study is introduction of digital technologies
into the most significant and common production business
processes: production planning, equipment maintenance and
quality control.

2. PRODUCTION PLANNING

Organization of the production planning process often
affects the overall efficiency of the production process, since at
this stage of production the load on the equipment is distributed.
Irrational capacity utilization can lead to downtime and lower
output. An effective planning process involves:

* demand prediction;

* identifying production capacity to meet the demand;

 selection of alternatives that provide the highest level of

efficiency;

* monitoring the implementation of plans;

» production plan adjustment (SMEToolkit, [s.a.]).

Prediction is usually done using quantitative methods. The
most common methods for calculating the potential demand
for the products of an industrial company that carries out
both standard and non-standard orders are coefficient method,
linear regression and neural network (Table 1). The choice
of prediction method is due to the presence of a streamlined
data collection system and the company's ability to analyze
the data. Compared to the neural network, linear regression (a

Table 1
Quantitative methods for product demand prediction (Dean, Xue, Tu, 2009)

Coefficients between the
Description resulting indicator and
potential factors

Linear relationships
between the resulting
indicator and significant
factors

Relationships of any nature
between demand factors
and the resulting indicator

Advantages

Easy to count

Suitability for summary counting

Detailed result —
Exact result —

Intuitive conclusions —

Disadvantages

Inaccurate results in detailization +
The need for more data —
Lack of accounting for indirect links —

Difficult calculation —
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simpler method) gives prediction errors of only 1 percentage
point higher. (Dean, Xue, Tu, 2009). At the same time, for
implementation and maintenance of the neural network, a team
of highly professional programmers, servers for data storing
and processing, as well as considerable time resources are
required. Regression analysis is less sensitive to technology
and funding (Serbul, 2018).

To assess the production capacity, it is necessary to describe
how many resources will be required per unit of production, to
develop several options for order fulfillment, to distribute the
load between the workshops. Taking into account the potential
demand, the minimum amount of the required finished product
of a typical type to reduce the risk of non-fulfillment of orders
can also be estimated.

The most profitable alternative is chosen based on
cost factors and speed of order fulfillment. Monitoring the
implementation of plans must be made based on a system of
key performance indicators. Most often, it is proposed to use
performance indicators taking into account terms and planned
resource support (man-hours, equipment and materials use
time) (Chae, 2009). Subsequently, the monitoring system can
be automated by introducing a CRM system. When planning
production cycles, risks must be laid down: possible order
cancellation, execution of a more urgent order. Adjustments
should be made systematically, based on an analysis of the
achievement of previous plans and additional individual
information about current orders.

3. EQUIPMENT MAINTENANCE

Equipment wear leads to an increase in operating costs for its
maintenance, increasing the risk of lower quality. To minimize
the negative effects of equipment wear, many companies
implement various strategies for maintenance and service.
(Ding, Kamaruddin, 2015). Preventive maintenance involves
systemic inspections and predictive analytical measures to
prevent cases of malfunction. Corrective maintenance is a
measure of equipment repair after it is out of order.

For maintenance and repair (MRO) of equipment, three
basic concepts are highlighted: Total Productive Maintenance,
Reliability Centered Maintenance and Business Centered
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Maintenance (Tinga, 2013). From the standpoint of automation,
the concept of service based on reliability is of the greatest
interest, since equipment, in particular its technical condition,
is its central element.

With service based on reliability, the emphasis falls on
preventive measures. The methodology of this concept allows
you to answer three questions:

* How do equipment failures occur?

* What are the consequences of these failures for the

company?

* What effect can be achieved through preventive
measures?

The concept can be implemented through the following

steps:

¢ collection of information;

» description of functional block diagrams;

¢ evaluation of the most vulnerable functional areas;

¢ defect simulation;

¢ evaluation of the most critical defects;

» approbation of results using a decision tree;

* tasks gradation by importance;

» claboration of preventive procedures;

* analysis of the effectiveness of the implemented

approaches;

* system analysis and adjustment (Vishnu, Regikumar,

2016).

Industry 4.0 contains a wide range of technologies that
allow companies to use the opportunities of digitalization in
the field of maintenance and repair. Thus, at the Novolipetsk
Metallurgical Combine, replacement of tuyeres of Rossiyanka
blast furnace is carried out in accordance with the burning
model of this piece of equipment built using machine learning.
The model was based on studying current practices, collecting
an array of historical data obtained with the use of sensors and
laboratory tests. Prediction of equipment failure and timely
tuyeres replacement are carried out. The effect of tuyeres
replacement in accordance with the recommendations of the
model is estimated at 120 million rubles. per year (Arshavsky,
2018). In each PJSC SIBUR, NFC tags were installed on each
unit using Near Field Communication technology (NFC). Using
the tablet, an employee can read all the necessary information
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Fig.1. Four levels of quality management in production (O’Regan,Prickett, Setchietal., 2017)

30

on the maintenance and repair of a single piece of equipment
from an NFC tag. After completing the maintenance, all
necessary data on the work performed is recorded (Tarasov,
Popov, 2018).

4. QUALITY CONTROL

In the scientific literature, there is a large number of works
devoted to the study of the causes of defects in the workplace.
Review of scientific papers presented in the work of Harding
allows you to create a complete picture of the key factors
affecting the decline inthe quality of products (Harding,Shahbaz,
Srinivasetal., 2006). A lack of understanding of the common
causes of defects causes the organization to incur significant
financial and reputational losses (Chongwatpol, 2015).
However, in a particular company, common factors become
private. To recognize defects, their causes, to classify and apply
appropriate adjustment measures, a quality control system for
production processes can be arranged. In accordance with the
practice of Renishaw consulting company, this system can be
represented as a four-level pyramid: quality control is divided
into informational (finished products), active (production
process), predictive (equipment and materials) and preventive
(external factors) (O'Regan, Prickett, Setchi et al., 2017) (Fig.
D).

Preventive control. The basis of control is provided by
the monitoring system of the monitored parameter and the
automated adjustment of its value to the required value in
real time. With the help of digital sensors and the Internet of
Things, you can fine-tune the process and optimal adjustment.
For example, in industrial premises, great attention is paid to
the environment, primarily humidity and air temperature.

Temperature control is provided by a switch system,
proportional and integral systems (Temperature controller
basics, [s.a.]). For a switch system, an optimal temperature
value, which must be maintained indoors, is set. In case of
deviation from this value, the system automatically begins to
heat / cool the air until the optimum point is reached. When
introducing a switch system, as a rule, the temperature range
is set so that the heating system does not start up with minimal
deviations. Such solutions are the simplest and relatively
cheap.

Proportional temperature control systems operate on a
more complex algorithm: the optimal points can be built
depending on time. This is relevant in production, where
different conditions need to be maintained at different stages.

Integrated systems not only take into account the
environmental conditions, but are also able to change the
optimal temperature points depending on the volume of
production. This allows you to quickly respond to dramatic
changes in the specificity of the production process.

Predictive control. As part of the transition to Industry 4.0,
the development of measures to minimize the level of defects
in production is of particular importance. Among the factors
that may cause product defects, scientific work referred to the
serviceability of equipment, the quality of input materials,
duration of the work shift (as a factor in workers' fatigue) and
workers' experience (Leachman, Pegels, Kyoon Shin, 2005).
It is noted that for the analysis of causal relationships between
defects in production and potential factors, econometric
methods are used most often: decision tree, regression models,
neural networks and cluster analysis (Hazen, Boone, Ezell et
al., 2014).

To reduce the share of defective products in production,
an analytical system for monitoring defects can be organized.

Table 2
An example of a control registry of defects (Chongwatpol, 2015)

Employee factors

w
= =
= =
S S
S
= g
I <
g E
S =
.E o
o g
2 =
= 5
= Il

Ivanov LI 36 First 11:30 7500 11
Petrov P.P. 12 Second 2140 7500 6
Sidorov S.S. 2 Second  23:20 Z500 7
Kurbatov K.K. 57 First 17:20 7500 9

Characteristics of the
equipment materials quality

Characteristics of Level of

Defect
presence

m

Date of M&R
Supplier

Magnetic line width,
m

11.11.2018 Glue  «ProPan» 11 0
01.07.2018 Glue  «ProPan» 9 0
23.01.2018 Glue  «ProPan» 15 1
01.09.2018 Glue  «ProPan» 10 0
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When building it, as a rule, an interdisciplinary standard process
for data exploration is used (Cross-Industry Standard Process
for Data Mining, CRISP-DM). CRISP-DM methodology
involves six stages of implementation:

e formulation of business tasks;

» formation of the list of necessary data;

» data processing;

* modeling;

» evaluation and interpretation of results;

 evaluation and interpretation of results.

For complex reduction of the level of marriage, it is
important to diagnose defects. Three approaches are proposed
for this process: a control register, cost stratification and cluster
analysis (Chongwatpol, 2015).

Control register assumes registration of detected defects
by means of a binary code (1 - a defect is detected, 0 - no
defect). The presence of a defect is determined by exceeding
the normative values according to specified quality criteria.
The table also prescribed:

¢ used raw materials;

» employees who were on shift;

* equipment involved.

An example of a control register for recording defects
in production is presented in Table 2. The control register is
simple, convenient and practical to use as it allows not only to
monitor defects, but also to analyze factors. It allows you to
identify the factors that cause deviations from the lower and
upper limits of the range of the quality parameter. For clarity, a
graphical method can be used: a graphical depiction of points
of deviation from the allowable range increases the level of
intuitive interpretation of data from the control register. Thus,
it is most appropriate to use tabular and graphical ways of
displaying information to identify defects.

Expense stratification analyzes product defects in terms
of financial implications. If the batch of products turned out
to be defective, then the company incurs additional expenses
on materials, payment for the work of employees, payment of
penalties to the customer, etc. Expense stratification involves
calculation of special indicators:

» average percentage of defective products (for each type

of product);

« the average cost of defect of one unit of production (for

each type of product);

* total costs for the compensation of defective production

(for different reporting periods).

These metrics allow you to qualify groups of goods
depending on the cost due to defects.

Different approaches can be used to classify types of
products according to the cost of defects: ABC analysis
method (Kampf, Lorincova, Hitka et al., 2016), methods based
on the decision tree (Kim, Oh, Jung et al., 2018), step-by-
step regression to build a predictive model of potential costs
for defective products during the planning period (Kvasova,
Tselykh, 2012). The meaning of cost stratification is that
quality controllers and senior staff of the shift can first of all
pay attention to the types of products where a defect has the
greatest financial consequences.

Cluster analysis provides a multi-dimensional analysis
of production processes. Some types of finished products
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may have similar characteristics: materials and equipment,
the required number of man-hours, the necessary temperature
conditions, etc. Cluster analysis allows you to form product
groups that are close in terms of production processes. The
k-means method is the simplest and most popular clustering
method. Within each group, the percentage of potential
spoilage can vary, and therefore the approaches to quality
control of production processes may differ for different clusters
(Chongwatpol, 2015).

Within the framework of the predictive control, a quick
prototyping deserves special mention. This method allows
to significantly reduce the time and resources for preparing
layouts (Rayna, 2016). Rapid prototyping combines a group
of technologies and technological processes that use three-
dimensional printing based on computer simulation. The most
common following rapid prototyping technologies are:

 stereolithography;

« laser sintering;

 fused sedimentation simulation

 three-dimensional printing (Hague, Mansour, Saleh,

2004).

In the context of quality control and defect prevention, we
have an example. Lin Engineering (2017) specializes in the
production of hybrid engines. The main production is based in
China, the head office and distribution center are in the United
States. In case of delivery of defective products, the company
incurred significant costs for sending the defected products back
to the factory. Implementation of a statistical process control
system using cloud technologies allowed real-time monitoring
of production at a Chinese plant from US headquarters. In case
of defects, the system automatically generates an e-mail with a
description of the problem well before sending the batch.

Active control. Work on the elimination of identified
defects is carried out in the framework of the production
process. Industrial cameras can be used to control the quality
of the cut lines. The camera can have thermal sensors that
allow you to measure the temperature of stocks and finished
products at any stage of production processes. Defects that are
invisible to the human eye are identified by technical means,
the process is automated. Consequently, the factor of human
inattention or fatigue can be completely excluded. In case of
detection of defects, the camera can transmit a signal to the
central warning system, thereby preventing the occurrence of
the identified defect in the entire batch. One of the suppliers of
such technical solutions is Allied Vision. There are also cameras
with integrated color sensors that can monitor the quality of the
applied paint. Similar solutions are supplied by Omron.

Informative control is aimed at the quality of manufactured
products. The main task is to describe and implement the
process of monitoring the shipped products and dealing with
customer complaints. Digital technologies provide ample
opportunities for building an appropriate information system.
So, all information about claims from consumers can be
stored in the cloud storage. This will simplify the monitoring
of databases and facilitate access to information for various
departments. Electronic document management system allows
you to structure the available information in the organization
and to quickly exchange files, for example by means of NFC
tags.

Digital technologies will facilitate the work of expert
commissions to eliminate defects in enterprises. Expert meetings
can be held remotely via electronic communications. An
expert- representative of a department makes recommendations
in his area of responsibility. For each unit, a time limit on the
formation of recommendations should be set. After receiving
recommendations from all members of the commission, the
production department should take appropriate measures to
eliminate the defects and form a report. This report can be
attached to general information on working with a specific
claim.

5. CONCLUSION

In the transition to the Paradigm of Industry 4.0,
previously developed methods for optimizing production
business processes remain relevant. The use of digitalization
technologies will allow the use of such optimization methods
that were previously unavailable due to the lack of the necessary
infrastructure. The company is responsible for choosing specific
methods and technologies used, since it may have its own
strategic priorities and resource constraints. Only an optimal
combination of implemented measures and their compliance
with existing and future needs will allow companies to make
cost-effective and efficient business optimization.
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