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Abstract: In production companies, managers frequently deal with inefficiencies caused by employees learning about new
tasks with a considerable delay. The paper focuses on solving the lack of real-time interaction in currently used task
administration systems by means of an ICT solution. The main causes of the inefficiencies consist in insufficient real-time
information on the sides of both workers and managers. Employees view updates in the information system randomly,
thus increasing unnecessary periods of idle time, while their superiors are not fully informed about the status of tasks in
progress and about current workload of individual workers. The presented ICT solution was developed for production
companies and implemented for the purpose of administering production line failure records. The solution is based on
informing employees about a new maintenance task online in real time, using a combination of the designed information
system with a mobile phone. The presented system utilizes advanced information technologies — cloud messaging, mobile
applications, and web applications. The employee will be equipped with a smartphone with a specially designed
application. By a notification sent to the mobile phone, the employee will be immediately informed about the task
assigned. As regards task administering, employees enter information about the phases of task execution and managers
are informed about the status of executed tasks. Another key feature of the system is providing managers with managerial
overviews and compiling reports in order to monitor a number of key indicators. The Unified Process (UP) methodology
was used to design the information system. The system accelerates the process of receiving tasks by individual
maintenance workers after a failure has been reported, an online overview of the status of work on failures, including a
managerial overview of the work of individual workers and the total time spent on solving the task (e.g. a production line
defect removal). The system is designed to be universally applicable in other workplaces.

Keywords: Management system, ICT, Employment, Managerial reports, Information system design, Task administration

1. Introduction

Work task recording is an integral part of a production company operation. New tasks may occur randomly and
can be unexpected. It is crucial to inform workers about new tasks and have effective records on task solving
status. The paper addresses this task management issue on the example of recording machine failures in
manufacturing companies. As for task registration, the paper treats machine failure registration as a particular
real-life problem and an integral part of the manufacturing process. The shutdown of a production line due to
its failure has a fundamental negative impact on the economy of the company. The lack of real-time
notification is a major problem, and the main cause of lags. Existing methods of registration, i.e. using of a
simple table in Excel documents, simple (and) static information system, paper form of evidence, and mainly
oral communication/transmission of information, are typically ineffective and inefficient as they do not allow
interactive notification about the failure, and significant time lags, resulting from passing the information
among workers, occur between failure repair stages. This then has a major impact on repairing the failure and
limiting production. In addition, the superior maintenance worker (manager) does not have an overview of
what individual maintenance workers are currently doing and with what efficiency.

The ICT solution and its implementation as described by the paper is original and not yet presented, aimed to
improve existing ICT solutions. The presented solution notifies a machine failure entered into the system in
real-time to a competent worker (maintenance, repairman) who accepts the task to fix the failure. The
superior maintenance worker is moreover informed about failures that are not accepted and solved within a
short time period after being entered. It thus guarantees that the failure will not be ignored and the
production becomes efficient. The topic of production efficiency is discussed in Soewito et al. (2019).

Mobile technologies, namely mobile applications and such features of mobile operating systems as cloud
messaging and real-time notifications, are currently receiving a great response (Notifications overview, 2023).
As for the trends in the area of mobile technologies, numerous papers present mobile technologies as tools for
creating interesting mobile applications. A growing number of solutions use mobile applications and cloud
messaging. Some practical examples of how mobile technologies has seen a significant boom and penetrated
daily activities in recent years can be found in (Musil, 2021), (Musil, Smrcka, & Novotny, 2016), (Musil, &
Novotny, 2015). Real-time notification, i.e. a tool informing about new events in real time, has lately become
frequently used. Real-time notification has attracted significant attention from the scientific community as
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seen from its abundant practical applications. Firebase Cloud Messaging is an instance of real-time notification
and cloud messaging. The use of real-time notification can be found in multiple studies, e.g. (Zhao et al., 2014),
(Villarreal et al., 2009); (Bussadee et al., 2016); (Gore et al., 2017); (Heryandi, 2018); (Firdaus et al., 2019);
(Jiricek et al., 2022). Moroney (2017) representatively summarizes the real-time notification of Firebase Cloud
Messaging (FCM). Firebase Cloud Messaging and notifications are used in Heryandi (2018); Firdaus et al.
(2019), namely for the purpose of sending real-time notifications in student academic activity monitoring by
means of Firebase Cloud Messaging. Over time, real-time monitoring in industrial applications has received a
considerable attention (Bian et al., 2021), (Bilek, & Musil, 2022), (Cai et al., 2020), (Dong et al., 2019), (Han et
al., 2021), (Chen et al., 2020), (Choueiri et al., 2020), (Jonathan et al., 2019), (Kim et al., 2021), (Yu et al, 2021),
(Zhang et al., 2020). However, the mentioned studies usually use a computational machine learning method.
We present a similar solution, i.e. management system for integration of the disabled on the labour market in
(Smrcka, Musil, & Chalupova, 2022). For the purpose of task entering, a mobile application is used, for
example, in (Smrcka et al., 2022b).

2. Problem Description

There is no unified functional system of production line failure registration in manufacturing companies. To
record maintenance tasks, a manager typically uses a table (created e.g. in MS Excel) or a simple information
system. However, such a solution does not provide full information online. The occurrence of significant time
lags is the key issue. The failure or task registration process has the following pitfalls. The production line
worker notifies a failure to a manager or a maintenance worker or they enter it into an information system.
The maintenance worker learns about the failure with a significant time lag. They randomly monitor the list of
registered failures in the information system, which, besides, must be updated in the case of a web
application. A web application solution does not make it possible to notify workers about new changes online.
The manager does not have a quick overview of what each maintenance person is doing and does not know
who to assign the task to. They must determine which maintenance workers are available and find a suitable
worker to assign the task to. The maintenance worker is also faced with deficiencies in the process of failure
solution registration. The maintenance worker performing the assigned repair cannot record individual repair
steps quickly into a system. They can either enter the information about completing the task into an
information system later (not quite in real time) or inform a manager personally. In cases that the production
worker notifies directly the maintenance worker on a failure, the information does not reach the manager,
who thus cannot record the task. The maintenance worker may fail to accept the repair task as they may be
working on another task.

To sum up the limitations of the presently used methods: time lags arise in many places, thereby delaying the
moment of solving the failure. This can affect the production and company economy.

3. Methodology

The UP (Unified Process) methodology is used to design an information system for the task administration
system. It is based on the SEP industry standard — Software Engineering Process. The UP is an abbreviated
designation of the USDP (Unified Software Development Process) industry standard. It is a generic process for
the UML — Unified Modeling Language. The UP is divided into individual iterations, each of which goes through
five basic work processes: setting requirements, analysis, design, implementation, testing, iteration in UP
(Schmuller, 2001).

A class diagram describes the system's static structure and shows data structures and operations on objects
and the relationships between the objects. A use case diagram shows the behaviour of the system as seen by
the user. Below, we describe the proposed solution and present several related UML-diagrams. The purpose of
the diagrams is to describe the functionality of the system.

3.1 Research Objective

We cooperate with a major company that deals with the issue of failure task administering in the industrial
area. The company is dominant and has many years of experience. The company creates software application
for automotive and made a request to implement/create an effective application using ICT. In addition to the
cooperation, we address/contact an industrial factory to get detail specification of issues and lacks in
production.

In cooperation with experts from the production sphere, we identified key problems and proposed solutions.
This paper presents the design of a system solution based on the obtained requirements and its resulting
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implementation. The system is based on ICT technologies such as Firebase Cloud Messaging (FCM), the mobile
platform and its features, the mobile application, and the web application. The proposed solution removes the
identified shortcomings; it is unique and not yet presented. Moreover, it enables generating management
reports, planning regular maintenance (a task similar to repairing a failure), and it can also be used for
attendance records.

3.2 Proposed Solution

The problem domain is described in Fig. 1. Notifying is implemented through a real-time notification sent to
the mobile application. The production line worker enters a failure on the production line into the system via
an application on a mobile phone or tablet. Maintenance workers in charge of the respective production line
are informed about the failure via a mobile application (real-time notification). Maintenance personnel accept
the task for resolution and enter this fact in the mobile application. If the failure is not accepted by one of the
maintenance workers within a certain time limit, then the manager is informed. They then assign the task to
one of the maintenance workers personally.

The process of solving the repair of the production line: When solving the task, the start time, the end time
and the time of the individual phases of the repair work are recorded. Maintenance workers accept the repair,
enter the progress of the repair and the completion of the repair in the mobile application. The manager
assigns the task to the selected maintenance worker and has an overview of which task the workers are
working on. They can see at what stage the solution of the task is. Another key feature is the provision of
management reports for the purpose of monitoring key work indicators: the time during which the worker
accepted the task; time spent on solving the task; time spent on solving the task by individual workers.

request
notify of an unassigned task

Firebase Cloud applications

annauncement Messaglng
maintenance task notification (FCM)

maobile device request record a failure
notify of a failure -
mobile (failure notification) terminal

app smartphone/tablet

REST/API machine

announcement

(maintenance) unassigned tasks ‘ DE (saL) ‘ machine
worker operator
mobile|device
maobile manager

app

Figure 1: Problem case description: machine failure information system

By means of this solution, the time lags between the failure occurrence and the notification of the failure to
the worker (maintenance technician) are minimized, and by using the application, the state of a pending task
and searching for an available maintenance technician is minimized.

4. Design of the Task Management System

The following chapter describes a system designed for task administering. It presents UML diagrams that
depict the proposed system and explains its functionalities.

As tasks are recorded and processed by the information system, competent workers can be informed of new
tasks and managers of unassigned tasks (when the time limit for task assigning expires) in real time by means
of a mobile application. Via the mobile application, the system enables a worker to book a task for execution
and a manager to assign a task manually to a worker. Another key feature of the system is providing managers
with managerial overviews and compiling reports in order to monitor a number of key indicators: the response
time of booking the task, task completion time, task completion overviews for individual workers, and an
overview of tasks assigned at individual workplaces, including the evaluation of task performance costs.
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The system allows a worker to keep records of tasks and, within a task, to record the time (beginning and end)
of partial steps of the task execution. The work interruption function and its recording then enable efficient
determination of the net duration of the time spent on the task execution. Besides, a list of tasks under
execution, a list of finished tasks, and a list of currently interrupted tasks (break) can be compiled. The system
implementation provides fundamental information for managers such as time load, task lists, and statistics.

Reporting provides information for setting task metrics.

To understand the logic of the solution, we now present the system functionalities. The system design makes it
possible to decrease the time lag between partial task states. The time a worker spends solving the task does
not affect our system. The worker is immediately informed about a task, they can start work on the task
immediately and keep efficient record of the task execution. The considered system functionality and process
procedures are shown in the following models. The sequence diagram (see Figure 2) shows the course of
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Figure 3: Process map. Diagram of activity shows the task processing procedure
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5. Results and Discussion

The procedure of task handling consists of a sequence of partial steps (see Figure 3) and achieving time saving
is shown in Figure 4, highlighted red. The work lag is minimized by quickly passing information about a new
task and thanks to ongoing activity recording. The time of new task information providing (lag) is minimized by
the mentioned procedure. The task is inserted to the system via a mobile device (worker’s mobile application,
a tablet placed at the workplace). Thanks to the immediate recording of the task in the system (through the
mobile application) at the place of the requirement origin, the lag of t1 — t0 is minimized. Obtaining the
notification (about a new task) and its displaying in the mobile application minimize the t2 — t1 time lag of
informing a worker.
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Figure 4: Task state diagram and time lag minimization

The solution includes a mobile and web application. The mobile application provides real-time notifications
about the failure and allows the maintenance worker to enter the phases of the work on the task (repair
initiation, repair activity interruption, repair continuation and repair completion). The manager is informed in
real-time about pending repairs. The user interface of the mobile application with the possibility to enter the
progress of the work on the repair of the fault is shown in Figure 5. The status of the work on the failure can be
easily changed using the buttons.
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Figure 5: Mobile application — task management agenda

The web application is used by the supervisor. It enables the generation of management reports with
overviews of the work performance of individual workers. The management reports can be seen in Fig. 6.
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Figure 6: Web application — demonstration of management reports generation and demonstration of
current failures and activities of maintenance workers

By using real-time notification, immediate informing about a new task is achieved and the time lag of
notification on a failure to maintenance personnel is thereby significantly minimized. The system monitors
unassigned tasks and informs the supervisor after the time interval has elapsed. This ensures that no unsolved
tasks remain. The supervisor has an interactive overview of what individual workers are doing. The time delays
between the individual phases of failure repair are minimized. The mentioned improvements significantly
make the production process more efficient.

The presented system solves the shortcomings of the described problem and has several positives. The
production line worker enters information about the failure into the system via mobile phone (instant, no time
lag). Through the notification, the manager is immediately informed about the new repair task. They can find
out what a worker is currently doing and what tasks they are working on. The manager can immediately assign
a repair job directly to a maintenance worker.

Time saving is measured using (two) time spans recorded into database, the first time span is ‘recoding the
task into the system’, and others are ‘task booking with a worker’ and ‘start of work on the task’.
Unfortunately, we don’t have data from previous ineffective solutions and therefore, we can not compare
saving times directly.

A simulation of the solved problem was created (in Simul8) and a comparison of the times of the previous
solution and the new solution was made. Savings comparisons were made based on time estimates using
simulation.

310
Proceedings of the 19th European Conference on Management Leadership and Governance, ECMLG 2023



Marek Musil and Frantisek Smrcka

6. Conclusion

The presented ICT solution covers the issues described at the beginning of the study. The application
implementation makes maintenance tasks more efficient, and, as a benefit, it enables recording of regular
maintenance tasks. The maintenance worker is notified about a new failure immediately after it has been
entered into the system (the time lag between entering and notification is minimized). The application
identifies unassigned tasks and notifies the manager about them, so that no unexecuted task remains. The
manager accesses records of the workload of individual workers. The worker records partial steps of the
maintenance tasks. The time saving is the key factor of the solution, which improves production efficiency and
company economy. Based on the simulation results, the improvement is in the order of tens of minutes. The
presented solution can be implemented in other application areas, such as restaurant personnel service or
creating disability-inclusive workplace, where handicapped workers use the mobile application to receive
instructions.
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