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Abstract: The article’s main goal is to describe the system design for the analysis of disinfection
automated guided vehicle (AGV) utilisation so that the AGV’s optimal number can be determined.
The simulation was used as the system’s main tool, allowing a relatively objective approach to
imitate real system behaviour. With the proposed system, it is possible to determine the utilisation of
AGVs and the number of necessary AGVs that carry out disinfection of the premises through the
superstructure platforms. In the simulation model, two main modes of disinfection of ground AGV
were tested. A regular circuit is carried out at specific intervals as well as a dynamic evaluation of the
area and its possible contamination. When the area reaches a certain threshold, the instruction to
disinfect the area is triggered. Experiments were carried out for a different number of AGVs, with the
possible restriction of entry in the presence of the patient, and for a combination of specialised AGVs.
Based on the results, we can conclude that the use of only surface-disinfecting AGVs is limited by the
movement of patients and does not bring the same results as the use of a combination of surface- and
air-disinfecting specialised AGVs.

Keywords: automated guided vehicle; disinfection; healthcare; simulation; utilisation

1. Introduction

The health sector is currently under enormous pressure, especially to cope with staff
shortages and the loss of capacity due to staff infections with the coronavirus and various
other diseases. Health facilities are generally among the most at-risk areas of infection
with various viruses or infections [1]. Therefore, maintaining a clean environment in these
facilities is crucial for reducing future pressure on medical capacity. However, ensuring
proper disinfection to prevent transfers places increased demands on the staff who must
carry out these cleaning procedures [2].

Some disinfection activities of the staff cannot be replaced, but some can be automated
and transferred to the disinfection automated guided vehicle (AGV) [3]. An AGV is a
device that can move in an area autonomously and, during its movement, disinfect the area
through disinfection equipment.

Presently, we can see an increase in interest in such technologies globally [4]. This is
also thanks to the development of security systems, which are most important in areas
with a high movement of people and prevent collisions with unexpected obstacles [5].
Such obstacles are all objects and people in the area for whom the control system has no
information [6]. The algorithms of the AGV control unit are designed to be able to perform
the specified disinfection task safely and reliably. When a new task is received, it is first
verified that the AGV system can perform the task. The estimated electricity consumption
needed to perform the task is then calculated, which consists of the sum of the routes of the
movements necessary to complete the task and the consumption needed to return the AGV
to its starting position [7,8]. Consequently, this estimated consumption is compared with
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the current battery status. If the current battery status is insufficient, the AGV will reject
the task and request a transfer to the nearest free charging station [9,10].

For the application of technologies such as AGV and determining the number needed
for deployment, static calculations with the alignment of schedules [11] and verification by
simulation is required [12]. The simulation allows the dynamic verification of solutions with
a view to various interactions that cannot be incorporated into static calculations [13-15].

The AGV would be irrelevant when disinfecting the premises without the additional
superstructure equipment carrying out the disinfection. Currently, ultraviolet (UV) ray
disinfection [16-18] and disinfection by spraying detergent [19] are among the most ad-
vanced technologies for disinfection. Today, a wide range of disinfectant UV AGV robots
have different characteristics for radiation levels as well as the necessary distance from the
surface [20,21]. The basic disadvantage of these UV cleaners in the case of the disinfection
of surfaces is the period of exposure of human skin to radiation [22]. When spraying
disinfectant, this cleaning must take precedence, especially if no one is in the area.

On the basis of research [23,24], it is possible to predict that by 2030, there will be a
shortage of approximately 15 million workers in the global health sector, even in countries
with high incomes. It is therefore necessary to find solutions that will partially improve
this situation through the development and expansion of the application of existing tech-
nologies [25]. The ability to disinfect the environment, the flexibility [26], and the relatively
low cost of performing the function point to the future use of disinfectant AGVs in practice.
In the future, a significantly higher application of AGVs in the healthcare sector can be
expected in a wide range of activities [27]. It is expected that the size of the medical robotics
market, which also includes AGVs worldwide, will increase by 31.9 billion from 2022 to
2030 [28].

Compared to classic disinfection by a worker, the efficiency of the application of such
devices is comparable. In the case of UV disinfection, if it is performed by an AGV in one
moment, the area of disinfection will significantly increase [29]. However, it should be noted
that using AGVs on the curved surfaces of disinfected objects reduces its effectiveness [30].
From a financial point of view, according to [31], the basic prerequisite for the application
of AGVs in the disinfection process is a shift system, so it is only financially profitable with
a two/three shift system regarding logistics personnel.

AGVs have mainly been used in healthcare as service robots that transport medicines
or medical supplies [32,33]. Most of the work focused on this area has defined the effec-
tiveness of the disinfection in terms of range of distance and general use, for example
in [18,34-36]. The task that can be assessed, but has not been solved, in the field of disinfec-
tion AGVs is to determine a system that could quite precisely define the number of AGVs
needed for disinfection by evaluating their utilisation in defining disinfection routes and
disinfection areas.

The core of this article is a description of the system used to determine the disinfection
ground of AGVs for analysing the necessary number of such devices. The system uses
simulation and allows for the consideration of the generation of disinfection tasks at regular
intervals and the generation of tasks based on the dynamics of human movement and
necessary visits to a particular area. The design system enables us to precisely determine
the usage of AGVs, even for specialised and autonomous types of AGV.

2. Materials and Methods

The system for disinfection automated guided vehicle utilisation analysis consists of
four blocks, as shown in the diagram below (Figure 1).
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Figure 1. Blocks of a system for the analysis of disinfection automated guided vehicle utilisation.

First, it is necessary to collect all relevant data that will be necessary for the compilation
of the simulation model of the system (Block A). In Figure 2, the content of Block A
is provided.

The first step of the block (A1) is the collection of data that express the time charac-
teristics of a patient’s entry into the system to ensure the dynamic creation of disinfection
tasks. This step is followed by the determination of the time and its distribution for each
activity that is in the implementation system (A2), such as the treatment times or the time
of completion of the form by the patient. The next step is determining the probability that a
patient can visit a particular destination to properly model their movement in the system
(A3). The last step of the block is to determine how many patients can be at a specific
destination at the same time (A4).

Next, Block B of the system aims to create a simulation model of the system, namely,
the patient and medical parts. A representation of the steps for this block can be seen
in Figure 3.

The first step in Block B is to define the modelled system’s obstacles where the dis-
infecting AGV will be used (B1). This step creates a basic layout and marks places where
the AGV cannot enter as well as walls, columns, or other obstacles in the area. The next
step is to define the shift model according to which the health department works (B2).
This information is especially important for the parts where simulated activities are either
completed, interrupted, or continued without a break. Step B3 involves the definition of
the measured intervals of the patient’s entry into the system, i.e., when the patient enters
and begins the process of service. Step B4 has the task of defining an individual entity’s
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attributes that will control its logic in the whole system. For example, it may be sorting
patients by severity, as each will require a different treatment time. Suppose we have a
defined logic for patients. In that case, we can determine which destinations they visit
while staying in the system (B5) as well as defining the logic of the sequence of visits to
different destinations (B6). The last step of the block defines the nodes from which data can
be received during the simulation to generate disinfection tasks (B7).

Block C also aims to model the system, namely, its disinfection AGV part (Figure 4).

=

Al - Collection of time
characteristics for patients entering
the system

A2 - Collection of time
characteristics of patients stay in
target destinations

A3 - Collection of percentage logic
of patient movement

A4 - Collection of capacity
limitations of premises

Figure 2. Block A phase of data collection needed to create a simulation model.

In the first step of Block C, it is necessary to define the charging and parking places
for the disinfection AGVs (C1). The next step is to create the paths for the disinfection
AGVs and connect these charging stations to them (C2). This is followed by the definition
of the logic of the path logic (C3), i.e., in which direction the AGV can move, as well as
the definition of the information and events that we want to trigger after the AGV’s entry
and exit from the path. The following step defines the system’s input and computational
variables (C4). The fifth step is to define the table that contains the task queue for the
disinfectant AGV (C5), where all of the tasks that the disinfectant AGV must perform in the
system will be written. This step is followed by defining the link between computational
variables and the AGV task table, which will link the whole system and ensure the correct
entry of the task for disinfection in the dynamically emerging movement of patients. If there
are tasks in the system that are performed at regular intervals, then there are generators
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of tasks that write tasks (C7). This step is followed by determining the AGV attributes
(C8), including its speed, acceleration, deacceleration, dimensions, availability, and battery
properties. Consequently, the charging logic as well as the logic of assigning tasks to free
AGVs, including the AGV letting go on the path for the performance of these tasks (C9).
The last step of the block is setting the initialisation number of AGVs (C10) that will be
placed in the model during validation and verification.

The system’s final block (D) is the execution of simulation experiments, which include
determining the use of disinfectant AGVs as well as the required number. The process of
the last block is displayed in Figure 5.

The first step of the last block is validating and verifying the simulation model with
the system (D1). Within this block, we will ensure that the model, through its behaviour
and logic, resembles a real system so we can move on to conducting the experiments. The
next step is to define the simulation experiments that will be carried out (D2). It is mainly
about experimenting with the inputs to the system, including the number of disinfectant
AGVs. Experiments may also include the arrival times of patients in the system or service
times. Subsequently, a simulation is launched with planned simulation experiments (D3)
in order to obtain the use of disinfection AGVs. In the next step, the statistics are evaluated
(D4). Based on an evaluation, it is determined whether the results are satisfactory. There are
two options for branches. Based on the results, branch “no” is planning new experiments.
For branch “yes”, we can proceed to the last step. The last step is to determine the necessary
number of disinfectant AGVs that are optimal for the area and the distance from the
patients’ entry point of view.

i v

B1 - Defining the obstacles of the
modelled system where the
disinfecting AGVs are to be applied

BS - Defining patient target
destinations and their capacities

B6 - Defining the movement of

B2 - Defining the shift model . g
patients in the system

A 4 A

B7 - Defining nodes for the
collection of data (length of stay in
the destination and the frequency of

visits)

B3 - Defining the measured
intervals of patient entry into the
system

B4 - Defining various patient logics
in the system

Figure 3. Block B phase of simulation model creation for the patient and medic parts.
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C6 - Defining the link between the
computational variables and the
AGYV task table

C1 - Defining charging and parking
places for disinfecting AGV's

A A 4

C7 - Defining a generator for in

C2 - Defining AGV disinfection . .
regular interval occurring

paths disinfection tasks
A A 4
C3 - Defining the disinfection path C8 - Defining the attributes of
logic disinfecting AGVs
A A 4
C4 - Defining input and C9 - Defining the charging logic and
computational variables for the task assignment logic for
system disinfecting AGVs
A A 4

C10 - Initialization defining the
number of disinfecting AGVs
located in the system

C5 - Defining the table of task
queue for disinfecting AGVs

Figure 4. Block C phase of the creation of the simulation model for the disinfection AGV.

Input Data for Validation

The input data for individual patient types and lengths of treatment entering the
simulation are based on historical data, with a portion measured prior to the COVID-19
pandemic from January 2020 to December 2020. The data were not loaded with COVID-19
patients, as they were sorted at the entrance to the hospital in another place.

Within the basic logic of patient sorting, the three types of patients are arranged in the
priority order of acute, urgent, and non-urgent, with an incidence of 36.00%, 50.00%, and
14.00%, respectively. They may need care in the trauma, surgical, or internal ambulance,
where the percentage of their incidence is 36.60%, 19.70%, and 43.70%, respectively.

Step Al defines the following time characteristics of the patient’s entry into the system
(Figure 6). These statistics were determined on the basis of annual historical data.
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Figure 5. Block D simulation experiments: realisation, determination of disinfection AGV utilisation,
and required number.
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Step A2 identifies the following time characteristics for patients staying at the destina-
tions (Table 1).

Table 1. Duration of treatment at each workplace.

. . Type of Patient
Patient Logic
Acute Urgent Non-Urgent
Trauma Triangular (1:01:12, 1:01:12, 5:55:48) Triangular (10:48, 10:48, 1:40:48) Uniform (0:36, 10:12)
Surgical Triangular (1:01:12, 1:01:12, 8:52:12) Triangular (10:48, 10:48, 1:42:00) Uniform (1:48, 10:48)
Internal Triangular (1:01:12, 1:01:12, 7:04:48) Triangular (10:48, 10:48, 1:42:36) Uniform (0:36, 10:12)
Radiology Triangular (27:00, 12:36, 59:24) Triangular (38:00, 18:44, 1:13:11) -
Biochemistry Triangular (1:48, 1:12, 3:00) -

The data defined within step A4 is listed in the text before Table 1. Within step A4, the
capacity limitation was not considered in this case. Attributes that belong to the disinfection
ground AGYV are the following: speed, 0.4 m/s; charge, 330 Ah; basic consumption, 5 A;
battery capacity, 330 Ah; charge current, 66 A; driving consumption, 15 A; and battery
reserve, 60 Ah.

3. Results
3.1. Creation of Model

The procedure was applied to the experimental definition of the number of disinfectant
AGVs for urgent reception in Zilina, Slovakia, to validate the proposed system. The
simulation model, as well as simulation runs, are realised in Siemens’s Tecnomatix Plant
Simulation 16 software. The processor used for computing power was an Intel(R) Core
(TM) 19-10850K CPU @ 3.60 GHz with 16 GB RAM and a Nvidia t1000 4 GB graphics card,
with each thread performing 20 simulation runs at a time. The simulation model itself
was created in Tecnomatix Plant Simulation 16 software, which allows the definition of
logic through the programming language SimTalk 2.0. Step B1 included the creation of
walls and pillars and a drawing area that AGVs could not visit. Within step B2, a 24-h
format was established in which doctors and nurses worked. For the model within step B3,
patients” inputs to the system were defined as listed in Figure 6. Within step B4, patients’
logic is derived from them (Table 1), and the percentage of their incidence is defined by the
target destinations in B5. On this basis, the movement of patients can be defined as B6. The
decision-making nodes then collect the data used by the disinfectant AGV (B7). The final
layout is displayed in Figure 7, and an example of the logic of patient decision making at
the exit of the surgical ambulance is schematically shown in Figure 8.

The symbols and colours on the layout represent the following objects: turquoise
represents the walls that divide the space, the red hatched part represents rooms where
disinfection is not carried out by the AGV, green marks the points where data are collected
about the patient’s presence, and red points represent places where the activity is carried
out, for example, registration, treatment, and other actions. The blue lines represent the
connectors and represent the direction of movement of the patients.

In the simulation model within step C1, one location was determined as the main
charging point where the AGV was charged. In this place, the AGV stayed whenever it
did not have a defined task or when the battery level fell below the specified reserve value.
Within step C1, based on the spatial constraints defined in B1 (for example, ambulation or
hall) and the characteristics of the disinfection superstructure that have been set, model 1 m
has been established as an effective reach zone for carrying out disinfection tasks (Figure 9).
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Figure 7. Layout and logic of patient movement shown through connectors.
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v
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Figure 8. Logic of patient decision making at the exit of the surgical ambulance, schematically.

The symbols and colours on the layout represent the following objects: turquoise
represents the walls dividing the space, the red hatched part represents the rooms where
disinfection is not carried out by AGV, the grey lines are the access routes of the disinfection
ground AGV along which movement is possible in both directions, and the orange lines
are the individual disinfection routes, which are unidirectional.

The basic logic of the path was to control the possibility of assigning another task if
there was no AGV task in the queue. The AGV returned to the parking place. If the task is
in the queue, the AGV starts performing it and indicates that it is being performed. If the

battery level is insufficient, the AGV returns to the charging station (Figure 10).
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Figure 9. Created paths in the simulation model. The grey lines are marked access paths and the
orange lines are individual disinfection paths.
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Figure 10. Task assignment logic and returning to a parking charging point schematically.

Within step C4, multiple variables must work in the system to help with calculations
and decision making (e.g., area of possible contamination or number of patients and their
length of stay). There is a table in the model that records all C5 tasks called AGVTask. If the
task starts to be performed, it is deleted from this queue, and the next task comes first. In the
case of premises from dynamically generated tasks, the following prioritisation works for
assigning the task: surgical 1, outpatient doctors 2, waiting room 3, and reception 4. Other
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tasks are not prioritised and are written according to the time of generation. Within step
C6, generally, all variables are linked to be updated through calculation through methods
and event triggers that are triggered based on the nature of the variable (for example,
the Reception Number of Patients variable is updated with each output and input to the
reception location). Some variables are static and change manually, for example, the point
weight for patient arrival (Patient Arrive Weight) and staying in the system for a minute
(Patient Stay Weight for Minute). The level of possible contamination is calculated from
the number of inputs to the location having a point value of 7 and a minute’s stay in the
location, which has a value of 1. An example of the calculation is if two people came in and
the second patient was in the system for 10 min, then the calculationis 2 x 7 + 1 x 10. For
circuits where regular disinfection occurs, generators are used to run a method that writes
tasks to the task queue C7. If it is a dynamic circuit, a calculation is carried out that checks
the level of possible contamination in the monitored locations. If it reaches the critical level
set at 50, the task is entered into the task queue. Within step C8, the setting of the AGV
battery attributes begin.

The charging logic within step C9 is defined so that the battery level never slips below
the critical reserve limit, which in our case is 60 Ah (Figure 11). In the charging process,
when charging after reaching the reserve, the AGV can then leave charging if it is necessary
to perform the task only when the battery charge level is 50% of its total capacity.

)

s state of charge
at least 50 % of AGV
battery capacity?

Start

s AGV in charging station?

N

The AGV cannot accept any If there is any task then
task AGV cando it

N i

I #( End )

Figure 11. AGV charging logic, schematically.

The assignment of a task to an AGV located at the parking/charging place is carried
out on the basis of rules on whether the AGV is charging and, at the same time, whether
there is a task in the task queue (Figure 12).

)

Assign task and delete task
Y from AGVTask table

v

AGV begins to perform a
disinfection task

rl

»|  Wait 1 second then repeat ( End )

of tasks greater the
0 and number of free AGV
in parking station
greter then
0?

Figure 12. Task assignment logic for AGV, schematically.
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The last step of the block is to define the initialisation number of AGV disinfection
units (C10) that will be used for the verification and validation of the entire model (D1).
Because the AGV system is not implemented, a portion of the logic of patients is verified and
validated. The AGV design is verified to comply with the proposed logic. The simulation
model after verification and validation is shown in Figure 13.

—" 7 g l B M &
uscitation|and [Datalist | [Utilzation| | AGVTasks AGY_TeSIENd | Generator
T S rgmﬂlm é o [ Masks= 6] |[NUMberOfAGV= 2]
| /
1 LU .
— —— - =2 TaskQueueGraph |
J ,, .
: -4 &
il
) [ MMM RestingRoomDisinfection | |Room3_4_SDisinfection
, . — &
‘ WSS 'Room1_zDisinfection | | NearElevatorDisinfection
i —
|
= amb ce 'StirsDisniection ResAndOperDisinfection
a | ;&
‘:\ ‘ Ha:lu:smfacum
¥

InputTask |Init DataTable

21 n3 o

cmm-.mwmngm 22,0000 O domSumorTes o
w«nmcrﬂml am 1

S TAAAOU 16, 5853]
oA 7555

pacientariveivight= 7|
PacknGayWegHFertinute= 1

3
[Wstrgpecmones o1

Figure 13. Creating a simulation model designed for experiments.

Figure 13 represents the combination of Figures 7 and 9 in one dynamic model. The
other objects are Tecnomatix Plant Simulation software objects that create the overall logic of
the model (for example, methods containing the program, tables, generators, and variables).

In our case, Step D2 defines the number of experiments: there are 20 experiments
with 30 repetitions, where the first five experiments consist of testing one to five AGV
with an assumed distribution of the number of incoming patients derived from historical
data. Thus, the second group of experiments, six to ten, tested the location of one to five
disinfectant AGVs with an increased patient input of two per hour. In both cases, AGV
could enter the area even if there were patients or during treatment. Experiments 11 to 20
consisted of integrating a rule where the disinfectant AGV could enter the area only when
no patient was there. The first five experiments, with the expected distribution of patients,
entered the system over time, and the last five experiments had an increased number of
patients of two for an hour. The verification itself was carried out for a period of 28 days.

3.2. Experiment Results

Tables 2 and 3 show statistics on the use of the disinfection AGV as well as the
average number of tasks waiting to be completed each minute. Statistics for the estimation
errors of the realised simulation experiments are shown in Tables 4 and 5. The graphical
representation is shown in Figure 14.
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Table 2. Results of realised simulation experiments for disinfection with patients at locations.

Expected Distribution of Patient Input Increased Patient Input Intensity

1Pc. of AGV  2Pcs. of AGV 3 Pcs. of AGV 4 Pcs. of AGV  5Pcs. of AGV  1Pc. of AGV  2Pcs. of AGV 3 Pcs. of AGV 4 Pcs. of AGV  5Pcs. of AGV

Utilisation of

disinfection AGV (%) 54.71 28.90 22.88 17.21 13.96 56.88 32.94 27.20 21.94 18.08

Average number of
tasks waiting to be 1.74 0.78 0.59 0.27 0.19 2.33 1.50 0.55 0.34 0.25
executed (amount/min)

Table 3. Results of simulation experiments carried out for disinfection if no patients are in the area.

Expected Distribution of Patient Input Increased Patient Input Intensity

1Pc. of AGV  2Pcs. of AGV 3 Pcs.of AGV 4 Pcs. of AGV 5Pcs. of AGV  1Pc. of AGV  2Pcs. of AGV 3 Pcs. of AGV 4 Pcs. of AGV  5Pcs. of AGV

Utilisation of

disinfection AGV (%) 44.14 20.95 19.94 11.66 4.94 45.29 23.57 22.13 12.86 6.96

Average number of
tasks waiting to be 1.87 1.55 1.35 1.17 1.16 3.10 2.90 2.63 2.31 2.08
executed (amount/min)

Table 4. Estimation error of realised simulation experiments for disinfection with patients in locations.

Expected Distribution of Patient Input Increased Patient Input Intensity

1Pc. of AGV  2Pcs. of AGV 3 Pcs. of AGV 4 Pcs. of AGV  5Pcs. of AGV  1Pc. of AGV  2Pcs. of AGV 3 Pcs. of AGV 4 Pcs. of AGV  5Pcs. of AGV

Standard error of

estimate 1.12684 1.17094 1.28556 1.18746 1.19884 1.27922 1.09728 1.17268 1.30585 1.24733

Table 5. Estimation error of simulation experiments carried out for disinfection if no patients are in the area.

Expected Distribution of Patient Input Increased Patient Input Intensity

1Pc. of AGV  2Pcs. of AGV 3 Pcs. of AGV 4 Pcs. of AGV  5Pcs. of AGV  1Pc. of AGV  2Pcs. of AGV 3 Pcs. of AGV 4 Pcs. of AGV  5Pcs. of AGV

Standard error of

estimate 1.09205 1.10769 1.11684 1.31531 1.20587 0.88802 1.03464 1.30821 1.08021 1.27884
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Figure 14. Results of simulation experiments processed graphically: (a) for AGV disinfection utilisa-
tion; (b) for an average number of tasks waiting to be completed.

From the results of the experiments shown in Figure 13a,b, the following findings
can be stated: if a case with the expected distribution of patients is considered without a
limitation that is based on patient movement, it can be observed that with the increasing
number of disinfection AGVs, the average number of waiting tasks and AGV utilisation
decreases. The most significant downward shift for both parameters was between using
one and two disinfection AGVs. The decrease is smaller when using two or more AGVs,
and when adding more AGVs, the decrease in utilisation and the number of waiting tasks
are roughly the same. This is due to the fact that the AGV that completed its task and asked
for the next one was always closer than the AGV that parked at the charging point and
accepted the task. As a result, the AGVs that were at the charging point were not used and
only left when several tasks entered the queue at once or the inquiring, returning AGV did
not have a sulfficient battery level.

In the case of an increase in patient input intensity without limiting the movement of
patients, the same effect was also visible. The development was the same, and the different
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values were mainly due to the higher number of generated tasks derived from the higher
movement of patients around the space.

In experiments involving the condition that no patient should be near an AGV in the
disinfection area, it was observed that the average number of tasks was affected by the fact
that even if an AGV was free, it could not enter the area. This reduced AGV utilisation;
for the average number of tasks, this was probably the most noticeable fact. The AGVs,
therefore, waited for the space to be emptied, which was reflected in the parameters, and
even a higher number of AGVs could not increase it.

When the patient input intensity increased, the periods without patients were short-
ened, which worsened both parameters, even though the difference in the expected patient
entry in terms of utilisation was not as visible as the number of pending tasks.

Only one AGV would be ideal in terms of utilisation, but it is insufficient for the
waiting task indicator. Because multiple tasks can be generated dynamically at times, and
there may be a period without generated tasks or a waiting period for entry into the area
for disinfection, the utilisation is significantly affected. Therefore, based on the results, an
experiment was carried out in which two disinfectant AGVs were placed in the system,
where one was intended for air purification in the area even if there were patients. The
second AGYV disinfected surfaces and could only enter the system when it was without
patients. The results of the simulation experiments performed are listed in Table 6, and the
graphical expression is given in Figure 15.

Table 6. Results of simulation experiments carried out for the combined use of surface and space
disinfection by AGV.

Average Number of Tasks Waiting (amount/min) Utilisation (%)
Expected distribution of patient input 1.15 25.21
Increased patient input intensity 2.57 28.26

28.50 28.26

w
9
3

28.00 257
27.50
27.00
26.50
X 26.00
25.50 25.21

25.00 100
24.50 0.50
24.00

0.00

23.50

~ ~
9 a
3 )

Amount/min
&
g

Utilisation Average number of tasks waiting

= Expected distribution of patient input Increased patient input intensity = Expected distribution of patient input Increased patient input intensity
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Figure 15. Graphical representation of simulation experiment results for the combined use of surface
and spatial disinfection AGV: (a) utilisation; (b) average number of waiting tasks.

These results show that this solution is the most suitable solution based on a look at
the limitations of disinfectant AGVs as well as the number of waiting tasks and utilisation.
This solution is most suitable if we consider the possible future maximum load on AGVs
due to the increased patient arrival rate. With regard to the average number of waiting
tasks, it was 1.15 waiting tasks every minute versus 1.55 acquired with consideration of
restricting entry at disqualification. Moreover, in the case of an increased patient arrival rate
of 2.57, this value is better than the value of 2.9 from the experiment with the limitation of
the AGV move. The deterioration of the value compared to the experiment in the absence
of restrictions on the entry of the AGV can be explained by the specialisation of each AGYV,
where a higher percentage of tasks was created for AGV disinfecting areas without the
presence of patients. With regard to the utilisation and values of 25.21% and 28.26%, it can
be concluded that compared to a solution without specialisation and limiting the movement
of disinfectant AGVs at 20.95% and 23.57%, this is better utilisation because it no longer had
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to wait for the patients’ departure. The results of the utilisation of disinfectant AGVs may
be improved by extending the area where AGVs operate where disinfection tasks can be
generated in order to supplement the period without tasks and ensure that the disinfecting
AGVs are better utilised.

4. Discussion and Conclusions

Modern service mobile robotic systems are prospective technologies whose application
areas are constantly expanding. Healthcare remains the domain of medics, where most of
the activities are performed by people, but parts of these activities can be transferred to
machines. Disinfection is a regular, routine activity for doctors that consumes a significant
amount of their time. Part of these activities can be transferred to robotic devices, such
as disinfectant ground AGVs, which are becoming more popular. At its core, the article
describes the design of a system that uses simulation, through which it is possible to define
the utilisation and the number of these disinfectant AGVs used to disinfect the premises.
Using real-time data, the designed system that determines the utilisation of disinfectant
AGVs was applied to an urgent care reception in Zilina. The determination of the number
of devices considers both dynamically generated tasks and regularly occurring tasks. The
results show that, by using simulations, we can quite precisely define the occurrence of
dynamically generated tasks, where the main indicator of their occurrence is the number of
visits by the patient and their stay in the location.

The main benefit of the article is the precise use of an approach that takes into account
the simulated dynamics of patient movement based on historical data in determining the
number of disinfectant AGVs, so it is not only a static calculation based on the size of the
disinfected area. In standard practice, the number of disinfecting AGVs depends on the
size of the disinfected area and the reach of the disinfecting medium, while if it is a matter
of the surfaces of the cleaning equipment, another factor is the time in which they must
complete the disinfection. The simulation model makes it possible to take into account
the dynamics of people’s movement, which is not possible with a static calculation, and
thus we can define the number of disinfecting AGVs even outside the specified time frame.
Of course, the dynamics of randomly created tasks can be different in each facility where
disinfectant AGVs will be used. Medical or other healthcare personnel, for example, may
enter the task to assess the situation. The article was used for the calculation of the patients’
length of stay in the system as well as the number of arrivals. As soon as the layout of
the space changes, it is necessary to implement new simulation runs for the analysis. It
is the system for determining the number of AGVs through simulation that guarantees a
relatively quick determination of outputs when inputs are changed. As soon as the inputs
change, it is always necessary to verify the entire system as well as to evaluate the results
obtained by simulation during the experiments.

The main limitation of the research itself was that each AGV has different distances
for disinfection as well as other numerical characteristics. Therefore, the paths, as well as
the speed of movement, can be different. The system is suitable for facilities where regular
motion and access pathways can be defined. If there is a frequent change of area, it cannot be
determined precisely for future utilisation of disinfectant AGVs. An agent-based simulation
would need to be utilised based on the programme and randomly produced obstacles once
an ambient sensing system and random movement due to barriers were used, basically
determining the utilisation even in such a dynamically changing space. Today, there are
two types of vehicles in the disinfection ground AGV area, divided according to their
ability to choose a route, with one following predefined circuits and the other navigating
autonomously. The simulation itself in the Tecnomatix Plant Simulation software makes it
possible to realise interactions that approach agent-based simulation, but the simulated
AGYV itself was tied to the route, therefore the results obtained do not require the use of a
full agent-based simulation.

The future direction of research in this area would therefore consist of creating a model
that could jointly mimic the behaviour of the disinfectant AGVs with random motion
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pathways. Such a model must consider the spatial obstacles that will arise in different
locations during the simulation, whether they are people or other obstacles. In addition, the
trajectory of the movement of the disinfection AGV will have to be random in the designated
disinfected area, which will significantly increase the demand for computational power.
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