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Conducting a functionality test of a system serving
to support analysis of errors committed by users of simulators

Badanie funkcjonalnosci systemu wspomagania analizy btedéw
popetnianych przez uzytkownikéw symulatoréw maszyn

DARIUSZ KALWASINSKI *

Presented is a procedure of conducting a functionality test of
a system serving to support analysis of errors occurred dur-
ing simulations. It also characterizes tools used during the
tests. These tests will allow to determine functionality and
effectiveness of the system in work of instructors who con-
duct trainings on simulators.
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In the training of machine operators, simulators of
stationary and mobile machines are increasingly used. Of
course, they do not replace traditional training with the use
of real machines, but they support the learning process in
the area of increasing the operators' skills in performing
specific control tasks (machine operation) or recording
knowledge about accident events. In addition, a humber of
literature [1-4] and own research [5] indicate that the use of
the simulator speeds up the training process and reduces
training costs (ie consumption of materials, energy and
maintenance costs of machines).

Simulators allow to present the causes and
circumstances of the occurrence of accidents, and
consequently - a series of errors made by users while
operating the machines. To analyze these errors,
appropriate computer tools are necessary. These are, for
example, databases that allow you to collect and store
information from simulation processes.

These tools are very successfully used in construction,
i.e. to coordinate works on the construction site in terms of
the demand for building materials, the amount of
construction material used [6, 7] or collision detection
between cooperating cranes while moving loads [8]. Quite
often they are also used to collect information about the
environment in which we operate (ie cities, districts, nature,
workplaces), in order to create computer applications (eg in
AR or VR technology) enabling browsing and walking
around a specific area and analyzing geophysical
phenomena [3].
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Tools for carrying out the test

Testing for functionality will be subjected to a system of
instructor support (trainers training) in the field of error
analysis made by users of machine simulators. The concept
of this system is based on a computer application using a
relational database and a module registering simulation
parameters.

Crane simulator and recording module

The tests will use a crane simulator made in 2013 [10,11]
at CIOP-PIB. It allows simulation of a wide range of
activities (control tasks) that are also encountered in other
machines of internal transport, and related to work and
handling of loads. In addition, free access to the software
part of the simulator will allow you to implement a module
that registers simulation parameters for crane operation.

This module is an algorithm that records parameters
(data) from the simulation course of the virtual crane
operation and activities performed by its operator. These
data are registered continuously from the moment the
simulation was started (from turning the key in the ignition
switch) to its completion (the key in the "off" position).

Each time the simulation is completed, the data is saved
in an XML file. An example window of the module is shown
in fig. 1.

The structure of the relational database

When determining the structure of a relational database,
it was assumed that a computer application should support
conducting data analysis in the aspect of errors made in the
simulation process by users of the simulator. Data analysis
should enable the determination of:

« when there was an error,

» situation leading to an error, e.g. as a result of improper
steering task execution,

» type of consequence or possible consequence of the
error.

Based on these assumptions, a relational database model
was developed (fig. 2) in the created computer application.
This model is a set of tables and patterns of relationships
and relationships between them, in which specific data is
stored. The tables will contain strictly defined information
about the simulation process, loaded from an XML file.
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Fig. 1. Window from the module recording simulation parameters
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Fig. 2. Relational database model in the computer application bein

Procedure for testing the functionality of the system

The tests will use a crane simulator and a system
(including a computer application and a recording module)
to assist instructors in the field of error analysis and
guestionnaires to evaluate the simulator and application.
The survey scheme is shown in fig. 3.

Twenty-one volunteers will take part in the research: 14
of them will support the crane simulator, and 7 instructors
will carry out functional tests of the system (a computer
application).

Volunteers will be familiarized with the purpose of the
research and with the tools used. Also possible problems
that may occur while operating the simulator will be

g developed

discussed. Participants will perform on the simulator a
specific control task related to operating the crane using real
control elements and according to the developed training
program.

The training program was developed as part of the task
04.A.33 "Computer tools using VR virtual reality techniques
for interactive mapping of selected mechanical hazards to
prevent accident events while operating the crane",
implemented in the second stage of the Multi-Year Program
in 2011-2013.

Each volunteer will perform three simulations of virtual
crane operation. The first simulation, called "Trial", aims to
familiarize the participant with the operation of the gantry
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simulator, i.e. learn about the virtual environment and how to control a virtual gantry, including cargo. This simulation

should last about 10 minutes.

Next, the participant will perform two basic simulations of the virtual crane operation process. Each of them should last a
maximum of about 15 minutes. Simultaneous intervals of approximately 5 minutes are provided between simulation
sessions. However, in the case of a study involving two people, the sessions should be carried out alternately by the
participants (one is conducting simulation and the other is resting).

Participant H Simulator H Task

Questionnaire for symulator evalua-
tion

v

‘ Recording module

Instructor

Fig. 3. Diagram of conduct during research

The simulation results of the simulator's basic operation
(i.e. the position parameters of the elements moved and
manipulated in the environment) will be saved in the XML
file. After each main session the participant fills in the
simulator function evaluation questionnaire.

The results of the simulation will be loaded into a
computer application (database). The application prepared
in this way will be subjected to functional tests. They will be
carried out by instructors training crane operators. Based on
their opinion and answers to questions from the
questionnaires, the functionality and the possibility of using
the application to assist with the analysis of errors
committed by the participants while performing the control
task on the simulator will be determined.

The questionnaires were prepared according to the
Technology Acceptance Model - TAM [12, 13] and the
System Usage Scale - SUS [14, 15]. The tests will be
carried out in accordance with the Expert Inspection and
User Testing for Virtual Environments method [16] and
based on the following schedule:

1. Discussing the purpose of the study and familiarizing
participants and instructors with the tools (simulator,
computer application and questionnaires).

2. Simulation of virtual crane operation according to a
specific control task.

3. Completing the simulator rating questionnaire by users.
4. Saving data from each session to an XML file and
loading data into the application.

5. Conducting a computer application test in the aspect of
determining its functionality when analyzing errors made by
simulator users.

6. Filling the application evaluation questionnaires.

Total time of the test conducted in accordance with
presented schedule is approx. 120+130 min.

Conclusions

On the basis of the described computer tools (i.e. the
recording module implemented in the crane simulator,
relational-object application and questionnaires for their
evaluation) and formulated guidelines for the procedure,
tests will be carried out. They will allow to determine
whether the developed system (application + module) can

Application

Data analysis Results

Y

Questionnaire TAM and SUS

be a tool supporting the work of instructors in the analysis of
mistakes made by simulator users used during training.

Publication based on the results of a research task
carried out as part of the statutory activity of the Central
Institute for Labor Protection - National Research
Institute, financed in 2017-2018 from the funds of the
Ministry of Science and Higher Education.
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